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[bookmark: _Toc393451391]Item P-601 Fuel-Resistant Hot Mix Asphalt (HMA) Pavement
DESCRIPTION
601-1.1 This item shall consist of surface courses composed of mineral aggregate, fuel-resistant asphalt binder, and additives mixed in a central mixing plant and placed as a hot mix asphalt pavement in accordance with these specifications and shall conform to the lines, grades, thicknesses, and typical cross-sections shown on the plans. This mix is to be used only as a surface course.  The purpose of this fuel-resistant HMA is to provide a fuel-resistant surface where pavements are subjected to fuel spills. The minimum course thickness shall be one inch (25mm) and the maximum course thickness shall not exceed two inches (50 mm).
MATERIALS
601-2.1 Aggregate. Aggregates shall consist of crushed stone, crushed gravel, or crushed slag with or without natural sand or other inert finely divided mineral aggregate. The portion of combined materials retained on the No. 4 (2.36 mm) sieve is coarse aggregate. The portion of combined materials passing the No. 4 (2.36 mm) sieve and retained on the No. 200 (0.075 mm) sieve is fine aggregate, and the portion passing the No. 200 (0.075 mm) sieve is mineral filler.
a. Coarse aggregate. Coarse aggregate shall consist of sound, tough, durable particles, free from adherent films of matter that would prevent thorough coating and bonding with the bituminous material and be free from organic matter and other deleterious substances. The percentage of wear shall not be greater than 40% when tested in accordance with ASTM C131. The sodium sulfate soundness loss shall not exceed 10%, or the magnesium sulfate soundness loss shall not exceed 13%, after five cycles, when tested in accordance with ASTM C88.
Aggregate shall contain at least 70% by weight of individual pieces having two or more fractured faces and 85% by weight having at least one fractured face. The area of each face shall be equal to at least 75% of the smallest midsection area of the piece. When two fractured faces are contiguous, the angle between the planes of fractures shall be at least 30 degrees to count as two fractured faces. Fractured faces shall be achieved by crushing.
The aggregate shall not contain more than a total of 8%, by weight, of flat particles, elongated particles, and flat and elongated particles, when tested in accordance with ASTM D4791 with a value of 5:1. 
b. Fine aggregate. Fine aggregate shall consist of clean, sound, durable, angular shaped particles produced by crushing stone, slag, or gravel that meets the requirements for wear and soundness specified for coarse aggregate. The aggregate particles shall be free from coatings of clay, silt, or other objectionable matter and shall contain no clay balls. The fine aggregate, including any blended material for the fine aggregate, shall have a plasticity index of not more than six (6) and a liquid limit of not more than 25 when tested in accordance with ASTM D4318. Natural (non-manufactured) sand may be used to obtain the gradation of the aggregate blend or to improve the workability of the mix. The amount of sand to be added will be adjusted to produce mixtures conforming to requirements of this specification. The fine aggregates shall not contain more than 20% natural sand by weight of total aggregates.
The aggregate shall have sand equivalent values of 35 or greater when tested in accordance with ASTM D2419.
c. Sampling. ASTM D75 shall be used in sampling coarse and fine aggregate, and ASTM C183 shall be used in sampling mineral filler. 
601-2.2 Mineral filler. If filler, in addition to that naturally present in the aggregate, is necessary, it shall meet the requirements of ASTM D242.
601-2.3 Asphalt binder. Asphalt binder shall conform to the following requirements of ASTM D6373 for performance grade (PG) 82-22 with the changes annotated below:
The original asphalt binder shall be tested according to ASTM D6084. Elastic Recovery at 25°C and shall be a minimum of 85%.
The original asphalt binder shall be tested according to ASTM D7173 and meet the maximum temperature difference of 40°F (4°C) when using the ASTM D36 Ring-and-Ball apparatus.
The HMA specimens prepared with the PG 82-22 asphalt binder must also meet the fuel resistance requirements in Table 1 when tested in accordance with paragraph 601-3.3. After passing the requirements of Table 1, the grade of the asphalt binder shall be identified as PG 82-22FR.
The Contractor shall furnish vendor’s certified test reports for each lot of bituminous material shipped to the project.  The vendor’s certified test report for the bituminous material can be used for acceptance or tested independently by the Engineer.
601-2.4 Preliminary material acceptance. Prior to delivery of materials to the job site, the Contractor shall submit certified test reports to the Engineer for the following materials:
a. Coarse Aggregate.
(1) Percent of wear.
(2) Soundness.
(3) Unit weight of slag.
b. Fine Aggregate.
(1) Liquid limit.
(2) Plasticity index.
(3) Sand equivalent.
c. Mineral Filler.
d. Bituminous Material. The certification(s) shall show the appropriate ASTM test(s) for each material, the test results, and a statement that the material meets the specification requirement.
The Engineer may request samples for testing, prior to and during production, to verify the quality of the materials and to ensure conformance with the applicable specifications.
COMPOSITION
601-3.1 Composition of mixture. The bituminous plant mix shall be composed of a mixture of well-graded aggregate, filler and anti-strip agent if required, and bituminous material.  
The several aggregate fractions shall be sized, handled in separate size groups, and combined in such proportions that the resulting mixture meets the grading requirements of the job mix formula (JMF).
601-3.2 Job mix formula (JMF). No bituminous mixture for payment shall be produced until a job mix formula has been approved in writing by the Engineer.  The bituminous mixture shall be designed using procedures contained in the Asphalt Institute MS-2 Mix Design Manual, 7th Edition.
The design criteria in Table 1 are target values necessary to meet the acceptance requirements contained in paragraph 601-5.2b.  The criteria are based on a production process which has a material variability with the following standard deviations:
Stability (lbs) = 270
Air Voids (%) = 0.65
If material variability exceeds the standard deviations indicated, the job mix formula and subsequent production targets shall be based on stability greater than shown in Table 1, and the air voids shall be targeted close to the mid-range of the criteria in order to meet the acceptance requirements.
Table 1. Marshall Design Criteria
	Test Properties
	All Aircraft

	Number of blows
	50

	Stability, lbs – minimum
	2150

	Air Voids (%)1
	2.5 ±0.2

	% voids in mineral aggregate (VMA) – minimum
	14

	% weight loss by fuel immersion – maximum 2
	2.5


1 If the water absorption of the combined aggregates in the mix exceeds 1.7% (ASTM C127 and ASTM C128) then the mix must be short term aged in accordance with American Association of State Highway and Transportation Officials (AASHTO) PP-2 – Section 7.2. The short term aged material will then be used for the Marshall specimens and the maximum specific gravity test ( ASTM D2041).
2 Tested in accordance with procedures outlined in paragraph 601-3.3.
The use of hydrated lime or a liquid anti-strip agent may be required for all hot mix asphalt produced for the project. The Contractor shall submit test results indicating the amount of anti-strip agent necessary to have a minimum Tensile Strength Ratio (TSR) value of 80 after five (5) cycles with freeze and thaw tests in accordance with  ASTM D4867 or AASHTO T283.  The anti-stripping agent will be provided by the Contractor at no additional cost.
The job mix formula shall be submitted in writing by the Contractor to the Engineer at least 14 days prior to the start of paving operations for the test section, paragraph 601-3.5, and shall include as a minimum:
a. Percent passing each sieve
b. Percent of asphalt cement.
c. Asphalt grade.
d. Number of blows of hammer compaction per side of molded specimen.
e. Laboratory mixing temperature.
f. Laboratory Compaction temperature.
g. Recommended range of temperature for field mixing and compaction.
h. Plot of the combined gradation on the 0.45 power gradation curve.
i. Graphical plots of stability, flow, air voids, voids in the mineral aggregate, and unit weight versus asphalt content.
j. Percent natural sand.
k. Percent fractured faces.
l. Percent by weight of flat particles, elongated particles, and flat and elongated particles.
m. Tensile Strength Ratio (TSR).
n. Anti-strip agent [   hydrated lime   ].
o. Date the job mix formula was developed.
The Contractor shall submit to the Engineer the results of verification testing of three (3) asphalt samples prepared at the optimum asphalt content. The average of the results of this testing shall indicate conformance with the job mix formula requirements specified in Tables 1 and 2.
When the project requires asphalt mixtures of differing aggregate gradations, a separate job mix formula and the results of job mix formula verification testing must be submitted for each mix.
The job mix formula for each mixture shall be in effect until a modification is approved in writing by the Engineer. Should a change in sources of materials be made, a new job mix formula must be approved by the Engineer before the new material is used.
The mineral aggregate shall be of such size that the percentage composition by weight, as determined by laboratory screens, will conform to the gradation or gradations specified in Table 2 when tested in accordance with ASTM C136 and ASTM C117.
The gradations in Table 2 represent the limits which shall determine the suitability of aggregate for use from the sources of supply.  The aggregate, as selected (and used in the JMF), shall have a gradation within the limits designated in Table 2 and shall not vary from the low limit on one sieve to the high limit on the adjacent sieve, or vice versa, but shall be well graded from coarse to fine.
Deviations from the final approved mix design for bitumen content and gradation of aggregates shall be within the action limits for individual measurements as specified in paragraph 601-6.5a.  The limits still will apply if they fall outside the master grading band in Table 2. The maximum size aggregate used shall not be more than one-half of the thickness of the course being constructed.
Table 2. Aggregate Bituminous Pavement
	Sieve Size
	12.5 mm mix*
% passing by weight

	1/2 inch (12 mm)
	100

	3/8 inch (9 mm)
	79-99

	No. 4 (4.75 mm)
	58-78

	No. 8 (2.36 mm)
	39-59

	No. 16 (1.18 mm)
	26-46

	No. 30 (0.60 mm)
	19-35

	No. 50 (0.30 mm)
	12-24

	No. 100 (0.15 mm)
	7-17

	No. 200 (0.075 mm)
	3-6

	Asphalt Percent
	

	Stone or gravel
	5.5-8.0

	Slag
	7.0-10.5


*This mix is to be used only as a surface course. The minimum coarse thickness shall be one inch (25mm) and the maximum coarse thickness shall not exceed 2 inches (50 mm).
The aggregate gradations shown are based on aggregates of uniform specific gravity.  The percentages passing the various sieves shall be corrected when aggregates of varying specific gravities are used, as indicated in the Asphalt Institute MS-2 Mix Design Manual, 7th Edition.
601-3.3 Testing requirement for HMA resistance to fuel. Procedures for testing HMA resistance to fuel shall be as follows:
a. Prepare three test specimens in accordance with the Mix Design requirements at optimum binder content and 2.5 ±0.7% air voids.
b. Determine the percent air voids in each specimen, if any do not meet the requirements above discard and replace them.  Dry the specimens under a fan at room temperature 68°F - 80°F (20°C - 27°C) for a minimum of 24 hours.
c. Totally immerse the sample in kerosene[footnoteRef:1] at room temperature 68°F - 80°F (20°C - 27°C) for 2.0 minutes. (Suspending the sample with metal insect screen in a one gallon (4 liters) paint can has been found to be satisfactory.) [1:  Kerosene shall meet the requirements of Federal Specification VV-K-211.] 

d. After submersing for 2.0 minutes ±30 sec, remove the sample and immediately surface dry it with a clean paper towel. Then immediately determine the weight in air to the nearest 0.1 grams. Report this as weight “A” (weight before).
e. Resubmerse the sample in kerosene for 24 hours.
f. After 24 hours ±10 minutes carefully remove the sample from the kerosene and suspension container and place it on an absorptive cloth or paper towel. Dry the specimen under a fan at room temperature for 24 hours.
g. After drying for 24 hours ±10 minutes weigh the sample in air to the nearest 0.1 grams. Report this as weight “B” (weight after immersion).
h. Calculations:
% of weight loss by fuel immersion = (A – B / A) × 100
Where:	A = Weight before 
	B = Weight after
Note: Plant production tolerances for air voids are 2.5% ±0.7% and flow requirements for this material are waived. 
601-3.4 Recycled asphalt concrete. No reclaimed asphalt pavement (RAP) shall be permitted in this mix.
601-3.5 Test section. Prior to full production, the Contractor shall prepare and place a quantity of bituminous mixture according to the job mix formula.  The amount of mixture should be sufficient to construct a test section 300 feet (90 m) long and 30 feet (9 m) wide placed in two lanes, with a longitudinal cold joint, and shall be of the same depth specified for the construction of the course which it represents. A cold joint is an exposed construction joint at least four (4) hours old or whose mat has cooled to less than 160°F (70°C). The underlying grade or pavement structure upon which the test section is to be constructed shall be the same as the remainder of the course represented by the test section.  The equipment used in construction of the test section shall be the same type and weight to be used on the remainder of the course represented by the test section.
Three random samples shall be taken at the plant and tested for stability and air voids in accordance with paragraph 601-5.1a(2).  Two random samples of mixture shall be taken at the plant and tested for aggregate gradation and asphalt content in accordance with paragraphs 601-6.3a and 3b and evaluated in accordance with paragraphs 601-6.5a and 5b.  Three randomly selected cores shall be taken from the finished pavement mat, and three from the longitudinal joint, and tested in accordance with paragraph 601-5.1b(4).  Random sampling shall be in accordance with procedures contained in ASTM D3665.
Mat density and air voids shall be evaluated in accordance with paragraph 601-5.2b(1).  Stability shall be evaluated in accordance with paragraph 601-5.2b(2).  Joint density shall be evaluated in accordance with paragraph 601-5.2b(3).
Voids in the mineral aggregate (VMA), for each plant sample, shall be computed in accordance with procedures contained in Asphalt Institute MS-2 Mix Design Manual, 7th Edition.  The test section shall be considered acceptable if (1) stability, mat density, air voids, and joint density are 90% or more within limits, (2) gradation and asphalt content are within the action limits specified in paragraph 601-6.5a, and (3) the voids in the mineral aggregate is in accordance with Table 1, paragraph 601-3.2.
If the initial test section should prove to be unacceptable, the necessary adjustments to the job mix formula, plant operation, placing procedures, and/or rolling procedures shall be made. A second test section shall then be placed. If the second test section also does not meet specification requirements, both sections shall be removed at the Contractor’s expense.
Additional test sections, as required, shall be constructed and evaluated for conformance to the specifications. Any additional sections that are not acceptable shall be removed at the Contractor’s expense. Full production shall not begin until a satisfactory section has been constructed and accepted by the Engineer. The initial test section, whether acceptable or unacceptable, and any subsequent section that meets specification requirements shall be paid for in accordance with paragraph 601-8.1.
Job mix control testing shall be performed by the Contractor at the start of plant production and in conjunction with the calibration of the plant for the job mix formula. It should be recognized that the aggregates produced by the plant may not satisfy the gradation requirements or produce a mix that exactly meets the JMF. In those instances, it will be necessary to reevaluate and redesign the mix using plant-produced aggregates. Specimens should be prepared and the optimum bitumen content determined in the same manner as for the original design tests.
Contractor will not be allowed to place the test section until the Contractor Quality Control Program, showing conformance with the requirements of paragraph 601-6.1, has been approved, in writing, by the Engineer.
601-3.6 Job mix formula (JMF) laboratory.  The Contractor’s laboratory used to develop the job mix formula shall meet the requirements of ASTM D3666.  The laboratory accreditation must be current and listed on the accrediting authority’s website.  All test methods required for developing the JMF must be listed on the lab accreditation.  A copy of the laboratory’s current accreditation and accredited test methods shall be submitted to the Engineer prior to start of construction.
CONSTRUCTION METHODS
601-4.1 Weather limitations. The bituminous mixture shall not be placed upon a wet surface or when the surface temperature of the underlying course is less than specified in Table 3. The temperature requirements may be waived by the Engineer, if requested; however, all other requirements including compaction shall be met.
Table 3. Base Temperature Limitations
	Mat Thickness
	Base Temperature (Minimum)

	
	Degrees F
	Degrees C

	Greater than 1 inch (25 mm)
but less than 3 inch (75 mm)
	45
	7

	1 inch (25 mm) or less
	50
	10


601-4.2 Bituminous mixing plant. Plants used for the preparation of bituminous mixtures shall conform to the requirements of ASTM D2995 with the following changes:
a. Requirements for all plants.
(1) Truck scales. The bituminous mixture shall be weighed on approved scales furnished by the Contractor, or on certified public scales at the Contractor’s expense. Scales shall be inspected and sealed as often as the Engineer deems necessary to assure their accuracy. Scales shall conform to the requirements of the General Provisions, subsection 90-01.
In lieu of scales, and as approved by the Engineer, asphalt mixture weights may be determined by the use of an electronic weighing system equipped with an automatic printer that weighs the total paving mixture. Contractor must furnish calibration certification of the weighing system prior to mix production and as often thereafter as requested by the Engineer.
(2) Testing facilities. The Contractor shall provide laboratory facilities at the plant for the use of the Engineer’s acceptance testing and the Contractor’s quality control testing in accordance with paragraph 601-6.2.
(3) Inspection of plant. The Engineer, or Engineer’s authorized representative, shall have access, at all times, to all areas of the plant for checking adequacy of equipment; inspecting operation of the plant: verifying weights, proportions, and material properties; and checking the temperatures maintained in the preparation of the mixtures.
(4) Storage bins and surge bins. Use of surge and storage bins for temporary storage of hot bituminous mixtures will be permitted as follows:
(a) The bituminous mixture may be stored in surge bins for a period of time not to exceed three (3) hours.
(b) The bituminous mixture may be stored in insulated storage bins for a period of time not to exceed eight (8) hours.
The bins shall be such that mix drawn from them meets the same requirements as mix loaded directly into trucks.
If the Engineer determines that there is an excessive amount of heat loss, segregation, or oxidation of the mixture due to temporary storage, no temporary storage will be allowed.
601-4.3 Hauling equipment. Trucks used for hauling bituminous mixtures shall have tight, clean, and smooth metal beds. To prevent the mixture from adhering to them, the truck beds shall be lightly coated with a minimum amount of paraffin oil, lime solution, or other approved material. Petroleum products shall not be used for coating truck beds. Each truck shall have a suitable cover to protect the mixture from adverse weather. When necessary, to ensure that the mixture will be delivered to the site at the specified temperature, truck beds shall be insulated or heated and covers shall be securely fastened.
601-4.4 Bituminous pavers. Bituminous pavers shall be self-propelled with an activated heated screed, capable of spreading and finishing courses of bituminous plant mix material that will meet the specified thickness, smoothness, and grade. The paver shall have sufficient power to propel itself and the hauling equipment without adversely affecting the finished surface.
The paver shall have a receiving hopper of sufficient capacity to permit a uniform spreading operation. The hopper shall be equipped with a distribution system to place the mixture uniformly in front of the screed without segregation. The screed shall effectively produce a finished surface of the required evenness and texture without tearing, shoving, or gouging the mixture.
If, during construction, it is found that the spreading and finishing equipment in use leaves tracks or indented areas, or produces other blemishes in the pavement that are not satisfactorily corrected by the scheduled operations, the use of such equipment shall be discontinued and satisfactory equipment shall be provided by the Contractor.
601-4.4.1 Automatic grade controls.  The HMA paver shall be equipped with a control system capable of automatically maintaining the specified screed elevation. The control system shall be automatically actuated from either a reference line and/or through a system of mechanical sensors or sensor-directed mechanisms or devices that will maintain the paver screed at a predetermined transverse slope and at the proper elevation to obtain the required surface. The transverse slope controller shall be capable of maintaining the screed at the desired slope within ±0.1%.
The controls shall be capable of working in conjunction with any of the following attachments:
a. Ski-type device of not less than 30 feet (9 m) in length.
b. Taut stringline (wire) set to grade.
c. Short ski or shoe.
d. Laser control.
601-4.5 Rollers. Rollers of the vibratory and/or steel wheel type shall be used. They shall be in good condition, capable of operating at slow speeds to avoid displacement of the bituminous mixture. The number, type, and weight of rollers shall be sufficient to compact the mixture to the required density while it is still in a workable condition.
All rollers shall be specifically designed and suitable for compacting hot mix bituminous concrete and shall be properly used. Rollers that impair the stability of any layer of a pavement structure or underlying soils shall not be used. Depressions in pavement surfaces caused by rollers shall be repaired by the Contractor at their own expense.
The use of equipment that causes crushing of the aggregate will not be permitted.
601-4.6 Preparation of bituminous material. The bituminous material shall be heated in a manner that will avoid local overheating and provide a continuous supply of the bituminous material to the mixer at a uniform temperature. The temperature of the bituminous material delivered to the mixer shall be sufficient to provide a suitable viscosity for adequate coating of the aggregate particles, but shall not exceed 350°F (182°C), unless otherwise required by the manufacturer.
601-4.7 Preparation of mineral aggregate. The aggregate for the mixture shall be heated and dried prior to introduction into the mixer. The maximum temperature and rate of heating shall be such that no damage occurs to the aggregates. The temperature of the aggregate and mineral filler shall not exceed 350°F (175°C) when the asphalt is added. Particular care shall be taken that aggregates high in calcium or magnesium content are not damaged by overheating. The temperature shall not be lower than is required to obtain complete coating and uniform distribution on the aggregate particles and to provide a mixture of satisfactory workability.
601-4.8 Preparation of bituminous mixture. The aggregates and the bituminous material shall be weighed or metered and introduced into the mixer in the amount specified by the job mix formula.
The combined materials shall be mixed until the aggregate obtains a uniform coating of bitumen and is thoroughly distributed throughout the mixture. Wet mixing time shall be the shortest time that will produce a satisfactory mixture, but not less than 25 seconds for batch plants. The wet mixing time for all plants shall be established by the Contractor, based on the procedure for determining the percentage of coated particles described in ASTM D2489, for each individual plant and for each type of aggregate used. The wet mixing time will be set to achieve 95% of coated particles. For continuous mix plants, the minimum mixing time shall be determined by dividing the weight of its contents at operating level by the weight of the mixture delivered per second by the mixer. The moisture content of all bituminous mixtures upon discharge shall not exceed 0.5%.
601-4.9 Preparation of the underlying surface. Immediately before placing the bituminous mixture, the underlying course shall be cleaned of all dust and debris. A prime coat or tack coat shall be applied in accordance with Item P-602 or Item P-603, if required by the contract specifications.
601-4.10 Laydown plan, transporting, placing, and finishing. Prior to the placement of the bituminous mixture, the Contractor shall prepare a laydown plan for approval by the Engineer. This is to minimize the number of cold joints in the pavement. The laydown plan shall include the sequence of paving laydown by stations, width of lanes, temporary ramp location(s), and laydown temperature. The laydown plan shall also include estimated time of completion for each portion of the work (i.e., milling, paving, rolling, cooling, etc.).  Modifications to the laydown plan shall be approved by the Engineer. 
The bituminous mixture shall be transported from the mixing plant to the site in vehicles conforming to the requirements of paragraph 601-4.3.  Deliveries shall be scheduled so that placing and compacting of mixture is uniform with minimum stopping and starting of the paver.  Hauling over freshly placed material shall not be permitted until the material has been compacted, as specified, and allowed to cool to atmospheric temperature.
The mix shall be placed and compacted at a temperature suitable for obtaining density, surface smoothness, and other specified requirements but not less than 275°F (135°C). Edges of existing bituminous pavement abutting the new work shall be saw cut and carefully removed as shown on the drawings and painted with bituminous tack coat before new material is placed against it. 
Upon arrival, the mixture shall be placed to the full width by a bituminous paver.  It shall be struck off in a uniform layer of such depth that, when the work is completed, it shall have the required thickness and conform to the grade and contour indicated.  The speed of the paver shall be regulated to eliminate pulling and tearing of the bituminous mat.  Unless otherwise permitted, placement of the mixture shall begin along the centerline of a crowned section or on the high side of areas with a one-way slope.  The mixture shall be placed in consecutive adjacent strips having a minimum width of 12 feet (3.7 m) except where edge lanes require less width to complete the area.  Additional screed sections shall not be attached to widen paver to meet the minimum lane width requirements specified above unless additional auger sections are added to match.  The longitudinal joint in one course shall offset the longitudinal joint in the course immediately below by at least one foot (30 cm); however, the joint in the surface top course shall be at the centerline of crowned pavements.  Transverse joints in one course shall be offset by at least 10 feet (3 m) from transverse joints in the previous course.
Transverse joints in adjacent lanes shall be offset a minimum of 10 feet (3 m).
On areas where irregularities or unavoidable obstacles make the use of mechanical spreading and finishing equipment impractical, the mixture may be spread and luted by hand tools.  Areas of segregation in the surface course, as determined by the Engineer, shall be removed and replaced at the Contractor’s expense.  The area shall be removed by saw cutting and milling a minimum of 2 inches (50 mm) deep.  The area to be removed and replaced shall be a minimum width of the paver and a minimum of 10 feet (3 m) long.
601-4.11 Compaction of mixture. After placing, the mixture shall be thoroughly and uniformly compacted by rolling. The surface shall be compacted as soon as possible when the mixture has attained sufficient stability so that the rolling does not cause undue displacement, cracking or shoving.  The sequence of rolling operations and the type of rollers used shall be at the discretion of the Contractor.  The speed of the roller shall, at all times, be sufficiently slow to avoid displacement of the hot mixture and be effective in compaction.  Any displacement occurring as a result of reversing the direction of the roller, or from any other cause, shall be corrected at once.
Sufficient rollers shall be furnished to handle the output of the plant.  Rolling shall continue until the surface is of uniform texture, true to grade and cross-section, and the required field density is obtained.
To prevent adhesion of the mixture to the roller, the wheels shall be equipped with a scraper and kept properly moistened but excessive water will not be permitted.
In areas not accessible to the roller, the mixture shall be thoroughly compacted with approved hand tampers.  
Any mixture that becomes loose and broken, mixed with dirt, contains check-cracking, or in any way defective shall be removed and replaced with fresh hot mixture and immediately compacted to conform to the surrounding area.  This work shall be done at the Contractor’s expense.  Skin patching shall not be allowed.
601-4.12 Joints. The formation of all joints shall be made in such a manner as to ensure a continuous bond between the courses and obtain the required density.  All joints shall have the same texture as other sections of the course and meet the requirements for smoothness and grade.
The roller shall not pass over the unprotected end of the freshly laid mixture except when necessary to form a transverse joint.  When necessary to form a transverse joint, it shall be made by means of placing a bulkhead or by tapering the course.  The tapered edge shall be cut back to its full depth and width on a straight line to expose a vertical face prior to placing the adjacent lane.  In both methods, all contact surfaces shall be given a tack coat of bituminous material before placing any fresh mixture against the joint.
Longitudinal joints which are irregular, damaged, uncompacted, or otherwise defective [   or which have been left exposed for more than four (4) hours, or whose surface temperature has cooled to less than 160°F (70°C)   ] shall be cut back to expose a clean, sound surface for the full depth of the course.  All contact surfaces shall be cleaned and dry and given a tack coat of bituminous material prior to placing any fresh mixture against the joint. The cost of this work and tack coat shall be considered incidental to the cost of the bituminous course.
MATERIAL ACCEPTANCE
601-5.1 Acceptance sampling and testing. Unless otherwise specified, all acceptance sampling and testing necessary to determine conformance with the requirements specified in this section will be performed by the Engineer at no cost to the Contractor except that coring as required in this section shall be completed and paid for by the Contractor. Testing organizations performing these tests shall meet the requirements of  ASTM D3666.  All equipment in Contractor furnished laboratories shall be calibrated by an independent testing organization prior to the start of operations at the Contractor’s expense.  
a. Plant-Produced Material. Plant-produced material shall be tested for stability and air voids on a lot basis. Sampling shall be from material deposited into trucks at the plant or from trucks at the job site.  Samples shall be taken in accordance with  ASTM D979. A standard lot shall be equal to one day’s production or 2000 tons (1814 metric tons) whichever is smaller.  If the day’s production is expected to exceed 2000 tons (1814 metric tons), but less than 4000 tons (3628 metric tons), the lot size shall be 1/2 day’s production.  If the day’s production exceeds 4000 tons (3628 metric tons), the lot size shall be an equal-sized fraction of the day’s production but shall not exceed 2000 tons (1814 metric tons).
Where more than one plant is simultaneously producing material for the job, the lot sizes shall apply separately for each plant.
(1) Sampling. Each lot will consist of four equal sublots. Sufficient material for preparation of test specimens for all testing will be sampled by the Engineer on a random basis, in accordance with the procedures contained in ASTM D3665. One set of laboratory compacted specimens will be prepared for each sublot in accordance with ASTM D6926, at the number of blows required by paragraph 601-3.2, Table 1. Each set of laboratory compacted specimens will consist of three test portions prepared from the same sample increment.
The sample of bituminous mixture may be put in a covered metal tin and placed in an oven for not less than 30 minutes or more than 60 minutes to stabilize to compaction temperature. The compaction temperature of the specimens shall be as specified in the job mix formula. When absorptive aggregates are used, the hold times shall be increased to not less than 60 minutes and not more than 90 minutes.
(2) Testing. Sample specimens shall be tested for stability in accordance with ASTM D6927. Air voids will be determined by the Engineer in accordance with ASTM D3203. Prior to testing, the bulk specific gravity of each test specimen shall be measured by the Engineer in accordance with ASTM D2726 using the procedure for laboratory-prepared thoroughly dry specimens, for use in computing plant produced air voids.
For plant produced air voids and percent field-placed pavement density determinations, the theoretical maximum specific gravity of the mixture shall be measured for each lot in accordance with ASTM D2041. The value used in the plant produced air voids and percent field placed pavement density computations for each sublot shall be the average of a minimum of two maximum specific gravity measurements for each lot.
The stability and plant produced air voids for each sublot shall be computed by averaging the results of all test specimens representing that sublot.
(3) Acceptance. Acceptance of plant produced material for stability and air voids shall be determined by the Engineer in accordance with the requirements of paragraph 601-5.2b.
b. Field placed material. Material placed in the field shall be tested for mat and joint density on a lot basis.
(1) Mat density. The lot size shall be the same as that indicated in paragraph 601-5.1a and shall be divided into four equal sublots. One 6-inch (150-mm) diameter core of finished, compacted materials shall be taken by the Contractor from each sublot. Core locations will be determined by the Engineer on a random basis in accordance with procedures contained in ASTM D3665. Cores shall not be taken closer than one foot (30 cm) from a transverse or longitudinal joint.
(2) Joint density. The lot size shall be the total length of longitudinal joints constructed by a lot of material as defined in paragraph 601-5.1a. The lot shall be divided into four equal sublots. One 6-inch (150-mm) diameter core of finished, compacted materials shall be taken by the Contractor from each sublot. Core locations will be determined by the Engineer on a random basis in accordance with procedures contained in ASTM D3665. All coring shall be centered on the joint.
(3) Sampling.  Samples shall be neatly cut with a core drill. The cutting edge of the core drill bit shall be of hardened steel or other suitable material with diamond chips embedded in the metal cutting edge. Samples that are clearly defective, as a result of sampling, shall be discarded and another sample taken. The Contractor shall furnish all tools, labor, and materials for cutting samples, cleaning, and filling the cored pavement. Cored pavement shall be cleaned and core holes shall be filled in a manner acceptable to the Engineer and within one day after sampling.
(4) Testing.  The bulk specific gravity of each cored sample will be measured by the Engineer in accordance with ASTM D2726. The percent compaction (density) of each sample will be determined by dividing the bulk specific gravity of each sublot sample by the maximum theoretical specific gravity for the lot, as determined in paragraph 601-5.1a(2). The maximum theoretical specific gravity used to determine the joint density at joints formed between different lots shall be the lower of the specific gravity values from the two different lots.
(5) Acceptance.  Acceptance of field placed material for mat density will be determined by the Engineer in accordance with the requirements of paragraph 601-5.2b(1). Acceptance for joint density will be determined in accordance with the requirements of paragraph 601-5.2b(3).
c. Partial lots — plant produced material.  When operational conditions cause a lot to be terminated before the specified number of tests have been made for the lot, or when the Contractor and Engineer agree in writing to allow overages or other minor tonnage placements to be considered as partial lots, the following procedure will be used to adjust the lot size and the number of tests for the lot.
The last batch produced where production is halted will be sampled, and its properties shall be considered as representative of the particular sublot from which it was taken. Where three sublots are produced, they shall constitute a lot. Where one or two sublots are produced, they shall be incorporated into the next lot and the total number of sublots shall be used in the acceptance plan calculation, i.e., n = 5 or n = 6, for example.
d. Partial lots — field placed material.  The lot size for field placed material shall correspond to that of the plant produced material, except that in no case shall less than three (3) cored samples be obtained, i.e., n = 3.
601-5.2 Acceptance criteria.
a. General.  Acceptance will be based on the following characteristics of the bituminous mixture and completed pavement as well as the implementation of the Contractor Quality Control Program and test results:
(1) Stability
(2) Air voids
(3) Mat density
(4) Joint density
(5) Thickness
(6) Smoothness
(7) Grade
Mat density and air voids will be evaluated for acceptance in accordance with paragraph 601-5.2b(1). Stability will be evaluated for acceptance in accordance with paragraph 601-5.2b(2). Joint density will be evaluated for acceptance in accordance with paragraph 601-5.2b(3). Thickness will be evaluated by the Engineer for compliance in accordance with paragraph 601-5.2b(4). Acceptance for smoothness will be based on the criteria contained in paragraph 601-5.2b(5). Acceptance for grade will be based on the criteria contained in paragraph 601-5.2b(6).
The Engineer may at any time, notwithstanding previous plant acceptance, reject and require the Contractor to dispose of any batch of bituminous mixture which is rendered unfit for use due to contamination, segregation, incomplete coating of aggregate, or improper mix temperature. Such rejection may be based on only visual inspection or temperature measurements. In the event of such rejection, the Contractor may take a representative sample of the rejected material in the presence of the Engineer and, if it can be demonstrated in the laboratory, in the presence of the Engineer, that such material was erroneously rejected, payment will be made for the material at the contract unit price.
b. Acceptance Criteria.
(1) Mat density and air voids. Acceptance of each lot of plant produced material for mat density and air voids shall be based on the percentage of material within specification limits (PWL). If the PWL of the lot equals or exceeds 90%, the lot shall be acceptable. Acceptance and payment shall be determined in accordance with paragraph 601-8.1.
(2) Stability. Acceptance of each lot of plant produced material for stability shall be based on the PWL. If the PWL of the lot equals or exceeds 90%, the lot shall be acceptable. If the PWL is less than 90%, the Contractor shall determine the reason and take corrective action. If the PWL is below 80%, the Contractor must stop production until the reason for poor stability and/or flow has been determined and adjustments to the mix are made.
(3) Joint density. Acceptance of each lot of plant produced material for joint density shall be based on the PWL. If the PWL of the lot is equal to or exceeds 90%, the lot shall be considered acceptable. If the PWL is less than 90%, the Contractor shall evaluate the reason and act accordingly. If the PWL is less than 80%, the Contractor shall cease operations until the reason for poor compaction has been determined. If the PWL is less than 71%, the pay factor for the lot used to complete the joint shall be reduced by five (5) percentage points. This lot pay factor reduction shall be incorporated and evaluated in accordance with paragraph 601-8.1.
(4) Thickness. Thickness of each lift of surface course shall be evaluated by the Engineer for compliance to the requirements shown on the plans. Measurements of thickness shall be made by the Engineer using the cores extracted for each sublot for density measurement. The maximum allowable deficiency at any point shall not be more than 1/4 inch (6 mm) less than the thickness indicated for the lift. Average thickness of lift, or combined lifts, shall not be less than the indicated thickness. Where the thickness tolerances are not met, the lot or sublot shall be corrected by the Contractor at his expense by removing the deficient area and replacing with new pavement.  The Contractor at his expense, may take additional cores as approved by the Engineer to circumscribe the deficient area.
(5) Smoothness. The finished surfaces of the pavement shall not vary more than 1/4 inch (6 mm) for the surface course. Each lot shall be evaluated with a 12-foot (3.7-m) straightedge. The lot size shall be 2,000 square yards (1700 sq m). Measurements will be made perpendicular and parallel to the centerline at distances not to exceed 50 feet (15 m). When more than 15% of all measurements within a lot exceed the specified tolerance, the Contractor shall remove the deficient area and replace with new material. Sufficient material shall be removed to allow at least one inch (25 mm) of asphalt concrete to be placed. Skin patching shall not be permitted. High points may be ground off.
(6) Grade. The finished surface of the pavement shall not vary from the gradeline elevations and cross-sections shown on the plans by more than 1/2 inch (12 mm). The finished grade of each lot will be determined by running levels at intervals of 50 feet (15 m) or less longitudinally and transversely to determine the elevation of the completed pavement. The lot size shall be 2,000 square yards (1700 sq m). When more than 15% of all the measurements within a lot are outside the specified tolerance, the Contractor shall remove the deficient area and replace with new material. Sufficient material shall be removed to allow at least one inch (25 mm) of asphalt concrete to be placed. Skin patching for correcting low areas shall not be permitted. High points may be ground off.
c. Percentage of material within specification limits (PWL). The PWL shall be determined in accordance with procedures specified in Section 110 of the General Provisions. The specification tolerance limits (L) for lower and (U) for upper are contained in Table 5.
Table 5. Marshall acceptance limits for stability, air voids, density
	Test Property
	Pavements designed for aircraft gross weights of 60,000 lbs (27216 kg) or more or tire pressures of 100 psi or more

	Number of blows
	50

	
	Specification tolerance limits

	
	L
	U

	Stability, minimum, lbs
	2150
	-

	Air voids total mix, %
	1.5
	3.5

	Surface course mat density, %
	96.0
	98.0

	Joint density, %
	92.0
	-


d. Outliers. All individual tests for mat density and air voids shall be checked for outliers (test criterion) in accordance with  ASTM E178, at a significance level of 5%. Outliers shall be discarded, and the PWL shall be determined using the remaining test values.
601-5.3 Resampling pavement for mat density.
a. General. Resampling of a lot of pavement will only be allowed for mat density, and then, only if the Contractor requests same, in writing, within 48 hours after receiving the written test results from the Engineer. A retest will consist of all the sampling and testing procedures contained in paragraphs 601-5.1b and 601-5.2b(1). Only one resampling per lot will be permitted.
(1) A redefined PWL shall be calculated for the resampled lot. The number of tests used to calculate the redefined PWL shall include the initial tests made for that lot plus the retests.
(2) The cost for resampling and retesting shall be borne by the Contractor.
b. Payment for resampled lots. The redefined PWL for a resampled lot shall be used to calculate the payment for that lot in accordance with Table 5.
c. Outliers. Check for outliers in accordance with ASTM E178, at a significance level of 5%.
601-5.4 Leveling course. Any course used for truing and leveling shall meet the requirements of paragraph 601-3.2, 601-5.2b(1) for air voids and 601-5.2b(2), but shall not be subject to the density requirements of paragraph 601-5.2b(1) for mat density and 601-5.2b(3) for joint density. The leveling course shall be compacted with the same effort used to achieve density of the test section. The truing and leveling course shall not exceed a nominal thickness of 1-1/2 inches (38 mm). The leveling course is the first variable thickness lift of an overlay placed prior to subsequent courses. Areas of the pavement requiring a leveling course shall be as annotated on the plans.
CONTRACTOR QUALITY CONTROL
601-6.1 General. The Contractor shall develop a Quality Control Program in accordance with Section 100 of the General Provisions. The program shall address all elements that affect the quality of the pavement including, but not limited to:
a. Mix design
b. Aggregate grading
c. Quality of materials
d. Stockpile management
e. Proportioning
f. Mixing and transportation
g. Placing and finishing
h. Joints
i. Compaction
j. Surface smoothness
k. Personnel
l. Laydown plan
The Contractor shall perform quality control sampling, testing, and inspection during all phases of the work and shall perform them at a rate sufficient to ensure that the work conforms to the contract requirements, and at minimum test frequencies required by paragraph 601-6.3 and Section 100, General Provisions.  As a part of the process for approving the Contractor’s plan, the Engineer may require the Contractor’s technician to perform testing of samples to demonstrate an acceptable level of performance.
No partial payment will be made for materials that are subject to specific quality control requirements without an approved plan.
601-6.2 Testing laboratory. The Contractor shall provide a fully equipped asphalt laboratory located at the plant or job site.  It shall be available for joint use by the Contractor for quality control testing and by the Engineer for acceptance testing and must have adequate equipment for the performance of the tests required by these specifications.  The Engineer shall have priority in use of the equipment necessary for acceptance testing.
The effective working area of the laboratory shall be a minimum of 150 square feet (14 sq m) with a ceiling height of not less than 7.5 feet (2.3 meters).  Lighting shall be adequate to illuminate all working areas.  It shall be equipped with heating and air conditioning units to maintain a temperature of 70°F ±5°F (21°C ±2.3°C).
Laboratory facilities shall be kept clean and all equipment shall be maintained in proper working condition.  The Engineer shall be permitted unrestricted access to inspect the Contractor’s laboratory facility and witness quality control activities.  The Engineer will advise the Contractor in writing of any noted deficiencies concerning the laboratory facility, equipment, supplies, or testing personnel and procedures.  When the deficiencies are serious enough to be adversely affecting test results, the incorporation of the materials into the work shall be suspended immediately and will not be permitted to resume until the deficiencies are satisfactorily corrected.
601-6.3 Quality control testing. The Contractor shall perform all quality control tests necessary to control the production and construction processes applicable to these specifications and as set forth in the approved Quality Control Program.  The testing program shall include, but not necessarily be limited to, tests for the control of asphalt content, aggregate gradation, temperatures, aggregate moisture, field compaction, and surface smoothness.  A Quality Control Testing Plan shall be developed as part of the Quality Control Program.
a. Asphalt content. A minimum of two tests shall be performed per lot in accordance with ASTM D6307 or ASTM D2172 for determination of asphalt content.  The weight of ash portion of the test, as described in ASTM D2172, shall be determined as part of the first test performed at the beginning of plant production; and as part of every tenth test performed thereafter, for the duration of plan production. The last weight of ash value obtained shall be used in the calculation of the asphalt content for the mixture.  The asphalt content for the lot will be determined by averaging the test results.
The use of the nuclear method for determining asphalt content in accordance with ASTM D4125 is permitted, provided that it is calibrated for the specific mix being used.
b. Gradation. Aggregate gradations shall be determined a minimum of twice per lot from mechanical analysis of extracted aggregate in accordance with ASTM D5444 and ASTM C136 (Dry Sieve). When asphalt content is determined by the nuclear method, aggregate gradation shall be determined from hot bin samples on batch plants, or from the cold feed on drum mix or continuous mix plants, and tested in accordance with ASTM C136 (dry sieve) using actual batch weights to determine the combined aggregate gradation of the mixture.
c. Moisture content of aggregate. The moisture content of aggregate used for production shall be determined a minimum of once per lot in accordance with ASTM C566. 
d. Moisture content of mixture. The moisture content of the mixture shall be determined once per lot in accordance with ASTM D1461.
e. Temperatures. Temperatures shall be checked, at least four times per lot, at necessary locations to determine the temperatures of the dryer, the bitumen in the storage tank, the mixture at the plant, and the mixture at the job site.
f. In-place density monitoring. The Contractor shall conduct any necessary testing to ensure that the specified density is being achieved. A nuclear gauge may be used to monitor the pavement density in accordance with ASTM D2950.
g. Additional testing. Any additional testing that the Contractor deems necessary to control the process may be performed at the Contractor’s option.
h. Monitoring. The Engineer reserves the right to monitor any or all of the above testing.
601-6.4 Sampling. When directed by the Engineer, the Contractor shall sample and test any material that appears inconsistent with similar material being sampled, unless such material is voluntarily removed and replaced or deficiencies corrected by the Contractor. All sampling shall be in accordance with standard procedures specified.
601-6.5 Control charts. The Contractor shall maintain linear control charts both for individual measurements and range (i.e., difference between highest and lowest measurements) for aggregate gradation and asphalt content.
Control charts shall be posted in a location satisfactory to the Engineer and shall be kept current. As a minimum, the control charts shall identify the project number, the contract item number, the test number, each test parameter, the Action and Suspension Limits applicable to each test parameter, and the Contractor’s test results. The Contractor shall use the control charts as part of a process control system for identifying potential problems and assignable causes before they occur. If the Contractor’s projected data during production indicates a problem and the Contractor is not taking satisfactory corrective action, the Engineer may suspend production or acceptance of the material.
a. Individual measurements. Control charts for individual measurements shall be established to maintain process control within tolerance for aggregate gradation and asphalt content. The control charts shall use the job mix formula target values as indicators of central tendency for the following test parameters with associated Action and Suspension Limits:
	Control chart limits for individual measurements
(based on n=2)

	Sieve
	Action limit
	Suspension limit

	3/4 inch (19 mm)
	0%
	0%

	1/2 inch (12 mm)
	±6%
	±9%

	3/8 inch (9 mm)
	±6%
	±9%

	No. 4 (4.75 mm)
	±6%
	±9%

	No. 16 (1.18 mm)
	±5%
	±7.5%

	No. 50 (0.30 mm)
	±3%
	±4.5%

	No. 200 (0.075 mm)
	±2%
	±3%

	Asphalt Content
	±0.45%
	±0.70%


b. Range. Control charts for range shall be established to control process variability for the test parameters and Suspension Limits listed below.  The range shall be computed for each lot as the difference between the two test results for each control parameter.  The Suspension Limits specified below are based on a sample size of n = 2.  Should the Contractor elect to perform more than two tests per lot, the Suspension Limits shall be adjusted by multiplying the Suspension Limit by 1.18 for n = 3 and by 1.27 for n = 4.
	Control chart limits based on range
(based on n=2)

	Sieve
	Suspension Limit

	1/2 inch (12 mm)
	11%

	3/8 inch (9 mm)
	11%

	No. 4 (4.75 mm)
	11%

	No. 16 (1.18 mm)
	9%

	No. 50 (0.30 mm)
	6%

	No. 200 (0.075 mm)
	3.5%

	Asphalt content %
	0.8%


c. Corrective action. The Contractor Quality Control Program shall indicate that appropriate action shall be taken when the process is believed to be out of tolerance.  The Plan shall contain sets of rules to gauge when a process is out of control and detail what action will be taken to bring the process into control.  As a minimum, a process shall be deemed out of control and production stopped and corrective action taken, if:
(1) one point falls outside the Suspension Limit line for individual measurements or range; or 
(2) two points in a row fall outside the Action Limit line for individual measurements.
601-6.6 Quality control reports. The Contractor shall maintain records and shall submit reports of quality control activities daily, in accordance with the Contractor Quality Control Program described in General Provisions, Section 100.
METHOD OF MEASUREMENT
601-7.1 Measurement. Plant mix bituminous concrete pavement shall be measured by the number of tons (kg) of bituminous mixture used in the accepted work. Recorded batch weights or truck scale weights will be used to determine the basis for the tonnage.
BASIS OF PAYMENT
601-8.1 Payment. Payment for an accepted lot of bituminous concrete pavement shall be made at the contract unit price per ton for the P-601 Fuel-Resistant Bituminous Surface Course and adjusted according to paragraph 601-8.1a. The total project payment for plant mix bituminous concrete pavement shall not exceed 100% of the product of the contract unit price and the total number of tons of bituminous surface mixture used in the accepted work. This price shall be full compensation for furnishing all materials, for all preparation, mixing, and placing of these materials, and for all labor, equipment, tools, and incidentals necessary to complete the items.
a. Basis of adjusted payment. The pay factor for each individual lot shall be calculated in accordance with Table 5. A pay factor shall be calculated for both mat density and air voids. The lot pay factor shall be the higher of the two values when calculations for both mat density and air voids are 100% or higher. The lot pay factor shall be the product of the two values when only one of the calculations for either mat density or air voids is 100% or higher. The lot pay factor shall be the lower of the two values when calculations for both mat density and air voids are less than 100%.
Table 5. Price adjustment schedule
	Percentage of material within the specification limit (PWL)
	Percent of Contract Unit 
Price to be Paid

	96-100
	1061

	90-95
	PWL + 10

	75-89 0.5
	PWL + 55.0

	55-74 1.4
	PWL - 12.0

	Below 55
	Reject2


1  Although it is theoretically possible to achieve a pay factor of 106% for each lot, actual payment above 100% shall be subject to the total payment limitation specified in paragraph 601-8.1, and the total project payment limitation shall be reduced by the amount withheld for the rejected lot.
2  The lot shall be removed and replaced. However, the Engineer and Owner may decide to accept the deficient lot. In that case, if the Engineer and Owner decide that the lot shall not be removed, it will be paid for at 50% of the contract price.
For each lot accepted, the adjusted contract unit price shall be the product of the lot pay factor for the lot and the contract unit price. Payment shall be subject to the total project payment limitation specified in paragraph 601-8.1. Payment in excess of 100% for accepted lots of bituminous concrete pavement shall be used to offset payment for accepted lots of bituminous concrete pavement that achieve a lot factor less than 100%.
b. Payment. Payment will be made under:
Item P-601-8.1	Fuel-Resistant Bituminous Surface Course -- per ton.
TESTING REQUIREMENTS
ASTM C29	Standard Test Method for Bulk Density (“Unit Weight”) and Voids in Aggregate
ASTM C88	Standard Test Method for Soundness of Aggregates by Use of Sodium Sulfate or Magnesium Sulfate
ASTM C117	Standard Test Method for Materials Finer than 75-μm (No.200) Sieve in Mineral Aggregates by Washing
ASTM C127	Standard Test Method for Density, Relative Density (Specific Gravity) and Absorption of Coarse Aggregate
ASTM C128	Standard Test Method for Density, Relative Density (Specific Gravity), and Absorption of Fine Aggregate
ASTM C131	Standard Test Method for Resistance to Degradation of Small-Size Coarse Aggregate by Abrasion and Impact in the Los Angeles Machine
ASTM C136	Standard Test Method for Sieve or Screen Analysis of Fine and Coarse Aggregates
ASTM C183	Standard Practice for Sampling and the Amount of Testing of Hydraulic Cement
ASTM C566	Standard Test Method for Total Evaporable Moisture Content of Aggregate by Drying
ASTM D36	Standard Test Method for Softening Point of Bitumen (Ring-and-Ball Apparatus)
ASTM D75	Standard Practice for Sampling Aggregates
ASTM D979	Standard Practice for Sampling Bituminous Paving Mixtures
ASTM D1073	Standard Specification for Fine Aggregate for Bituminous Paving Mixtures
ASTM D1461	Standard Test Method for Moisture or Volatile Distillates in Bituminous Paving Mixtures
ASTM D2041	Standard Test Method for Theoretical Maximum Specific Gravity and Density of Bituminous Paving Mixtures
ASTM D2172	Standard Test Method for Quantitative Extraction of Bitumen from Bituminous Paving Mixtures
ASTM D2419	Standard Test Method for Sand Equivalent Value of Soils and Fine Aggregate
ASTM D2489	Standard Practice for Estimating Degree of Particle Coating of Bituminous-Aggregate Mixtures
ASTM D2726	Standard Test Method for Bulk Specific Gravity and Density of Non-Absorptive Compacted Bituminous Mixtures
ASTM D2950	Standard Test Method for Density of Bituminous Concrete in Place by Nuclear Methods
ASTM D3203	Standard Test Method for Percent Air Voids in Compacted Dense and Open Bituminous Paving Mixtures
ASTM D3665	Standard Practice for Random Sampling of Construction Materials
ASTM D3666	Standard Specification for Minimum Requirements for Agencies Testing and Inspecting Road and Paving Materials
ASTM D4125	Standard Test Methods for Asphalt Content of Bituminous Mixtures by the Nuclear Method
ASTM D4318	Standard Test Method for Liquid Limit, Plastic Limit, and Plasticity Index of Soils
ASTM D4791	Standard Test Method for Flat Particles, Elongated Particles, or Flat and Elongated Particles in Coarse Aggregate
ASTM D4867	Standard Test Method for Effect of Moisture on Asphalt Concrete Paving Mixtures
ASTM D5444	Standard Test Method for Mechanical Size Analysis of Extracted Aggregate
ASTM D6084	Standard Test Method for Elastic Recovery of Bituminous Materials by Ductilometer
ASTM D6926	Standard Practice for Preparation of Bituminous Specimens Using Marshall Apparatus
ASTM D6927	Standard Test Method for Marshall Stability and Flow of Bituminous Mixtures
ASTM D6307	Standard Test Method for Asphalt Content of Hot-Mix Asphalt by Ignition Method 
ASTM D7173	Standard Practice for Determining the Separation Tendency of Polymer from Polymer Modified Asphalt
ASTM E11	Standard Specification for Woven Wire Test Sieve Cloth and Test Sieves
ASTM E178	Standard Practice for Dealing with Outlying Observations
ASTM E1274	Standard Test Method for Measuring Pavement Roughness Using a Profilograph
AASHTO T030	Standard Method of Test for Mechanical Analysis of Extracted Aggregate
AASHTO T110	Standard Method of Test for Moisture or Volatile Distillates in Hot Mix Asphalt (HMA) 
AASHTO T283	Standard Method of Test for Resistance of Compacted Hot Mix Asphalt (HMA) to Moisture-Induced Damage
Asphalt Institute MS-2 	Mix Design Manual, 7th Edition 
MATERIAL REQUIREMENTS
ASTM D242	Standard Specification for Mineral Filler for Bituminous Paving Mixtures
ASTM D946	Standard Specification for Penetration Graded Asphalt Cement for Use in Pavement Construction
ASTM D2995	Standard Practice for Estimating Application Rate of Bituminous Distributors
ASTM D3381	Standard Specification for Viscosity-Graded Asphalt Cement for Use in Pavement Construction
ASTM D4552	Standard Practice for Classifying Hot-Mix Recycling Agents
ASTM D6373	Standard Specification for Performance Graded Asphalt Binder
AASHTO M320	Standard Specification for Performance-Graded Asphalt Binder
FED SPEC VV-K-211	Kerosene
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[bookmark: _Toc393451392]Item P-602 Bituminous Prime Coat
DESCRIPTION
602-1.1 This item shall consist of an application of bituminous material on the prepared base course in accordance with these specifications and in reasonably close conformity to the lines shown on the plans.
MATERIALS
602-2.1 Bituminous material. The bituminous material shall be an emulsified asphalt indicated in ASTM D3628 as a bituminous application for prime coat appropriate to local conditions or as designated by the Engineer.  
CONSTRUCTION METHODS
602-3.1 Weather limitations. The prime coat shall be applied only when the existing surface is dry; the atmospheric temperature is 50°F (10°C) or above, and the temperature has not been below 35°F (2°C) for the 12 hours prior to application; and when the weather is not foggy or rainy. The temperature requirements may be waived when directed by the Engineer.
602-3.2 Equipment. The equipment shall include a self-powered pressure bituminous material distributor and equipment for heating bituminous material.
Provide a distributor with pneumatic tires of such size and number that the load produced on the base surface does not exceed 65.0 psi (4.5 kg/sq cm) of tire width to prevent rutting, shoving or otherwise damaging the base, surface or other layers in the pavement structure. Design and equip the distributor to spray the bituminous material in a uniform coverage at the specified temperature, at readily determined and controlled rates from 0.05 to 2.0 gallons per square yard (0.23 to 9.05 L/square meter), with a pressure range of 25 to 75 psi (172.4 to 517.1 kPa) and with an allowable variation from the specified rate of not more than ±5%, and at variable widths. Include with the distributor equipment a separate power unit for the bitumen pump, full-circulation spray bars, tachometer, pressure gauges, volume-measuring devices, adequate heaters for heating of materials to the proper application temperature, a thermometer for reading the temperature of tank contents, and a hand hose attachment suitable for applying bituminous material manually to areas inaccessible to the distributor. Equip the distributor to circulate and agitate the bituminous material during the heating process. If the distributor is not equipped with an operable quick shutoff valve, the prime operations shall be started and stopped on building paper. The Contractor shall remove blotting sand prior to asphalt concrete lay down operations at no additional expense to the Owner.
A power broom and power blower suitable for cleaning the surfaces to which the bituminous coat is to be applied shall be provided. 
602-3.3 Application of bituminous material. Immediately before applying the prime coat, the full width of the surface to be primed shall be swept with a power broom to remove all loose dirt and other objectionable material.
The bituminous material shall be uniformly applied with a bituminous distributor at the rate of 0.15 to 0.30 gallons per square yard (0.68 to 1.36 liters per square meter) depending on the base course surface texture. The type of bituminous material and application rate shall be approved by the Engineer prior to application.
Following application of the bituminous material and prior to application of the succeeding layer of pavement, allow the bituminous coat to cure and to obtain evaporation of any volatiles or moisture. Maintain the coated surface until the succeeding layer of pavement is placed, by protecting the surface against damage and by repairing and recoating deficient areas. Allow the prime coat to cure without being disturbed for a period of at least 48 hours or longer, as may be necessary to attain penetration into the treated course. Furnish and spread enough sand to effectively blot up and cure excess bituminous material. Keep traffic off surfaces freshly treated with bituminous material. Provide sufficient warning signs and barricades so that traffic will not travel over freshly treated surfaces.
602-3.4 Trial applications. Before providing the complete bituminous coat, the Contractor shall apply three lengths of at least 100 feet (30 m) for the full width of the distributor bar to evaluate the amount of bituminous material that can be satisfactorily applied with the equipment. Apply three different trial application rates of bituminous materials within the application range specified in paragraph 602-3.3. Other trial applications will be made using various amounts of material as deemed necessary by the Engineer.
602-3.5 Bituminous material Contractor’s responsibility.  The Contractor shall provide a statement of source and character of the proposed bituminous material which must be submitted to and approved by the Engineer before any shipment of bituminous materials to the project. The Contractor shall furnish vendor’s certified test reports for each carload, or equivalent, of bituminous material shipped to the project. The test reports shall be provided to and approved by the Engineer before the bituminous material is applied. If the bituminous material does not meet the specifications, it shall be replaced at the Contractor’s expense. Furnishing the vendor’s certified test report for the bituminous material shall not be interpreted as basis for final acceptance. 
602-3.6 Freight and weigh bills. The Contractor shall submit waybills and delivery tickets during the progress of the work. Before the final estimate is allowed, file with the Engineer certified waybills and certified delivery tickets for all bituminous materials used in the construction of the pavement covered by the contract. Do not remove bituminous material from storage until the initial outage and temperature measurements have been taken. The delivery or storage units will not be released until the final outage has been taken. 
METHOD OF MEASUREMENT
602-4.1 The bituminous material for prime coat shall be measured by the [   gallon (liter)   ] [   ton (kg)   ]. Volume shall be corrected to the volume at 60°F (16°C) in accordance with ASTM D1250. The bituminous material paid for will be the measured quantities used in the accepted work, provided that the measured quantities are not 10% over the specified application rate. Any amount of bituminous material more than 10% over the specified application rate for each application will be deducted from the measured quantities, except for irregular areas where hand spraying of the bituminous material is necessary.  Water added to emulsified asphalt will not be measured for payment. 
BASIS OF PAYMENT
602-5.1 Payment shall be made at the contract unit price per [   gallon (liter)   ] [   ton (kg)   ] for bituminous prime coat. This price shall be full compensation for furnishing all materials and for all preparation, delivering, and applying the materials, and for all labor, equipment, tools, and incidentals necessary to complete this item.
Payment will be made under:
Item P-602-5.1	Bituminous Prime Coat - per [   gallon (liter)   ] [   ton (kg)   ]
TESTING REQUIREMENTS
ASTM D1250	Standard Guide for Use of the Petroleum Measurement Tables
MATERIAL REQUIREMENTS
ASTM D977	Standard Specification for Emulsified Asphalt
ASTM D2028	Standard Specification for Cutback Asphalt (Rapid-Curing Type)
ASTM D2397	Standard Specification for Cationic Emulsified Asphalt
ASTM D3628	Standard Practice for Selection and Use of Emulsified Asphalts
END OF ITEM P-602
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[bookmark: _Ref301943382][bookmark: _Toc306359498][bookmark: _Toc393451393]Item P-603 Bituminous Tack Coat
DESCRIPTION
603-1.1 This item shall consist of preparing and treating a bituminous or concrete surface with bituminous material in accordance with these specifications and in reasonably close conformity to the lines shown on the plans.
MATERIALS
603-2.1 Bituminous materials. The bituminous material shall be an emulsified asphalt indicated in ASTM D3628 as a bituminous application for tack coat appropriate to local conditions or as designated by the Engineer.
CONSTRUCTION METHODS
603-3.1 Weather limitations. The tack coat shall be applied only when the existing surface is dry and the atmospheric temperature is 50°F (10°C) or above; the temperature has not been below 35°F (2°C) for the 12 hours prior to application; and when the weather is not foggy or rainy.  The temperature requirements may be waived when directed by the Engineer.
603-3.2 Equipment. The Contractor shall provide equipment for heating and applying the bituminous material.
Provide a distributor with pneumatic tires of such size and number that the load produced on the base surface does not exceed 65.0 psi (4.5 kg/sq cm) of tire width to prevent rutting, shoving or otherwise damaging the base, surface or other layers in the pavement structure. Design and equip the distributor to spray the bituminous material in a uniform coverage at the specified temperature, at readily determined and controlled rates from 0.05 to 2.0 gallons per square yard (0.23 to 9.05 L/square meter), with a pressure range of 25 to 75 psi (172.4 to 517.1 kPa) and with an allowable variation from the specified rate of not more than ±5%, and at variable widths. Include with the distributor equipment a separate power unit for the bitumen pump, full-circulation spray bars, tachometer, pressure gauges, volume-measuring devices, adequate heaters for heating of materials to the proper application temperature, a thermometer for reading the temperature of tank contents, and a hand hose attachment suitable for applying bituminous material manually to areas inaccessible to the distributor. Equip the distributor to circulate and agitate the bituminous material during the heating process. If the distributor is not equipped with an operable quick shutoff valve, the tack operations shall be started and stopped on building paper. The Contractor shall remove blotting sand prior to asphalt concrete lay down operations at no additional expense to the Owner.
A power broom and/or power blower suitable for cleaning the surfaces to which the bituminous tack coat is to be applied shall be provided.
603-3.3 Application of bituminous material. Immediately before applying the tack coat, the full width of surface to be treated shall be swept with a power broom and/or power blower to remove all loose dirt and other objectionable material.
Emulsified asphalt shall be diluted by the addition of water when directed by the Engineer and shall be applied a sufficient time in advance of the paver to ensure that all water has evaporated before the overlying mixture is placed on the tacked surface.
The bituminous material including vehicle shall be uniformly applied with a bituminous distributor at the rate of 0.05 to 0.10 gallons per square yard (0.20 to 0.50 liters per square meter) depending on the condition of the existing surface. The type of bituminous material and application rate shall be approved by the Engineer prior to application.
After application of the tack coat, the surface shall be allowed to cure without being disturbed for the period of time necessary to permit drying and setting of the tack coat. This period shall be determined by the Engineer.  The Contractor shall protect the tack coat and maintain the surface until the next course has been placed.  
603-3.4 Bituminous material Contractor’s responsibility. The Contractor shall provide a statement of source and character of the proposed bituminous material which must be submitted and approved by the Engineer before any shipment of bituminous materials to the project. 
The Contractor shall furnish the vendor’s certified test reports for each carload, or equivalent, of bituminous material shipped to the project. The tests reports shall be provided to and approved by the Engineer before the bituminous material is applied.  If the bituminous material does not meet the specifications, it shall be replaced at the Contractor’s expense. Furnishing the vendor’s certified test report for the bituminous material shall not be interpreted as a basis for final acceptance. 
603-3.5 Freight and weigh bills The Contractor shall submit waybills and delivery tickets, during progress of the work. Before the final statement is allowed, file with the Engineer certified waybills and certified delivery tickets for all bituminous materials used in the construction of the pavement covered by the contract. Do not remove bituminous material from storage until the initial outage and temperature measurements have been taken. The delivery or storage units will not be released until the final outage has been taken.
METHOD OF MEASUREMENT
603-4.1 The bituminous material for tack coat shall be measured by the [   gallon (liter)   ] [   ton (kg)   ]. Volume shall be corrected to the volume at 60°F (16°C) in accordance with ASTM D1250. The bituminous material paid for will be the measured quantities used in the accepted work, provided that the measured quantities are not 10% over the specified application rate. Any amount of bituminous material more than 10% over the specified application rate for each application will be deducted from the measured quantities, except for irregular areas where hand spraying of the bituminous material is necessary. Water added to emulsified asphalt will not be measured for payment. 
BASIS OF PAYMENT
603.5-1 Payment shall be made at the contract unit price per [   gallon (liter)   ] [   ton (kg)   ] of bituminous material. This price shall be full compensation for furnishing all materials, for all preparation, delivery, and application of these materials, and for all labor, equipment, tools, and incidentals necessary to complete the item.
Payment will be made under:
Item P-603-5.1	Bituminous Tack Coat - per [   gallon (liter)   ] [   ton (kg)   ]
MATERIAL REQUIREMENTS
ASTM D633	Standard Volume Correction Table for Road Tar
ASTM D977	Standard Specification for Emulsified Asphalt
ASTM D1250	Standard Guide for Use of the Petroleum Measurement Tables
ASTM D2028	Standard Specification for Cutback Asphalt (Rapid-Curing Type)
ASTM D2397	Standard Specification for Cationic Emulsified Asphalt
ASTM D3628	Standard Practice for Selection and Use of Emulsified Asphalts
END ITEM P-603
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[bookmark: _Ref301943395][bookmark: _Toc306359499][bookmark: _Toc393451394]Item P-604 Compression Joint Seals for Concrete Pavements
DESCRIPTION
************************************************************************************
The following is an optional specification that can be used for long performance joint seals in concrete pavements.
************************************************************************************
604-1.1 This item shall consist of preformed polychloroprene compression seals used for sealing joints of rigid pavements.
MATERIALS
604-2.1 Compression seals. Compression joint seal materials shall be a vulcanized elastomeric compound using polychloroprene as the only base polymer. The material and the manufactured seal shall conform to [   ASTM D2628   ] [   ASTM D2628 and Corps of Engineers Concrete Research Division (CRD) C548 where jet fuel and/or heat blast resistance is required   ]. The joint seal shall be a labyrinth type seal.  The uncompressed depth of the face of the compression seal (that is to be bonded to the joint wall) shall be greater than the uncompressed width of the seal, except that for seals one inch (25 mm) or greater in width, the depth need be only one inch (25 mm) or greater. The actual width of the uncompressed seal for construction and contraction joints shall be [   13/16 or one   ] [      ] inches [   21 or 25   ] [      ] mm and for expansion joints shall be 1.25 inches (32 mm). The tolerance on the seal shall be plus 1/8 inch or minus 1/16 inch [   plus 3 mm or minus 2 mm   ].
************************************************************************************
In paragraph 604-2.1, the actual width of the joint seal should be 13/16 inch (21 mm) or one inch (25 mm) at the option of the Contractor. However, for unusual circumstances or for resealing joints in existing pavement that have to be sawed out to an extra width a wider seal should be specified. One inch (25 mm) should be used for slab greater than 20 feet (6 m) and less than 25 feet (7.5 m).
************************************************************************************
604-2.2 Lubricant/adhesive. Lubricant/adhesive used for the compression elastomeric joint seal shall be a one-component compound conforming to ASTM D2835.
604-2.3 Delivery and storage. Materials delivered to the job site shall be inspected for defects, unloaded, and stored with a minimum of handling to avoid damage. Storage facilities shall be provided at the job site to protect materials from weather and maintain materials at temperatures recommended by the manufacturer.
604-2.4 Submittals. Certified copies of test results shall be provided 60 days prior to use of material on the project. 
a. Construction equipment list. List of proposed equipment to be used in the performance of construction work, including descriptive data shall be provided to the Engineer 60 days prior to use on the project.
b. Manufacturer’s instructions. Where installation procedures are required in accordance with the manufacturer’s recommendations, printed copies of these recommendations shall be submitted to the Engineer 60 days prior to use on the project. Installation of the material shall not be allowed until the recommendations are received. 
c. Test reports. The Contractor shall submit certified copies of the test reports to the Engineer for written approval 60 days prior to use on the project. Printed directions from the manufacturer on recommended installation criteria shall be furnished with the test reports, plus the manufacturer’s certification that the selected seal is recommend for the installation on this project. No material will be used until it has been approved by the Engineer.
604-2.5 Test requirements. Each lot of compression joint seal and lubricant/adhesive shall be sampled, identified, and tested for conformance with the applicable material specification.  A lot of preformed seal shall consist of one day’s production or 20,000 linear feet (6000 meters) for each cross-section, whichever is less. A lot of lubricant/adhesive shall consist of one day’s production. No material shall be used at the project prior to receipt of written notice that the materials meet the laboratory requirements.
Testing of the preformed joint and lubricant/adhesive material shall be the responsibility of the Contractor and shall be performed in an approved independent laboratory and certified copies of the test reports shall be submitted for approval 60 days prior to the use of the materials at the job site.  Samples of each lot of material shall also be submitted and will be retained by the Engineer for possible future testing should the materials appear defective during or after application. The Contractor shall furnish additional samples of materials, in sufficient quantity to be tested, upon request.  Final acceptance will be based on conformance to the specified test requirements and the performance of the in-place materials.
CONSTRUCTION METHODS
604-3.1 Equipment. Machines, tools, and equipment used in the performance of the work required by this section shall be approved by the Engineer before the work starts and shall be maintained by the Contractor in satisfactory condition at all times.
a. Joint cleaning equipment.
(1) Concrete saw. A self-propelled power saw with water-cooled diamond saw blades shall be provided for cutting joints to the depths and widths specified and for removing filler, existing old joint seal or other material embedded in the joints or adhered to the joint faces.
(2) Sandblasting equipment. [   Sandblasting is not allowed.   ] [   Sandblasting equipment shall include an air compressor, hose, and a long-wearing venturi-type nozzle of proper size, shape, and opening. The maximum nozzle opening should not exceed 1/4 inch (6 mm). The air compressor shall be portable and shall be capable of furnishing not less than 150 cubic feet (4200 liters) per minute and maintaining a line pressure of not less than 90 psi (620 kPa) at the nozzle while in use. The compressor shall be equipped with traps that will maintain the compressed air free of oil and water. The nozzle shall have an adjustable guide that will hold the nozzle aligned with the joint about one inch (25 mm) above the pavement surface and will direct the blast to clean the joint walls. The height, angle of inclination, and the size of the nozzle shall be adjusted as necessary to ensure satisfactory results.   ]
************************************************************************************
Sandblasting should be shown as an option to waterblasting for new pavement installations.
Sandblasting equipment with a 1/4 inch (6 mm) nozzle requires at least 137 cubic feet (3880 liters) per minute of air to function efficiently. A larger nozzle would not serve any useful purpose in cleaning a joint.
Coordinate with paragraph 604-4.3b.
************************************************************************************
(3) Waterblasting equipment. Waterblasting equipment shall include a trailer-mounted water tank, pumps, high-pressure hose, a wand with safety release cutoff controls, nozzle, and auxiliary water resupply equipment. The water tank and auxiliary water resupply equipment shall be of sufficient capacity to permit continuous operations. The pumps, hoses, wand, and nozzle shall be of sufficient capacity to permit the cleaning of both walls of the joint and the pavement surface for a width of at least 1/2 inch (12 mm) on either side of the joint. The pump shall be capable of supplying a pressure of at least 3,000 psi (20.7 MPa). A pressure gauge mounted at the pump shall show at all times the pressure in pounds per square inch (psi) (kPa) at which the equipment is operating.
b. Sealing equipment. Equipment used to install the compression seal shall place the compression seal to the prescribed depths within the specified tolerances without cutting, nicking, twisting, or otherwise damaging the seal. The equipment shall not stretch or compress the seal more than 2.0% longitudinally during installation. The machine shall be an automatic self-propelled joint seal application equipment and shall be engine powered. The machine shall include a reservoir for the lubricant/adhesive, a device for conveying the lubricant/adhesive in the proper quantities to the sides the preformed seal or the sidewalls of the joint, a reel capable of holding one full spool of compression seal, and a power-driven apparatus for feeding the joint seal through a compression device and inserting the seal into the joint. The equipment shall also include a guide to maintain the proper course along the joint being sealed. The machine shall at all times be operated by an experienced operator.
************************************************************************************
Single-axle type seal application equipment should not be permitted; this tool tends to cause excessive stretching and may cut or distort the seal. The following subparagraph may be added only for pavements less than 500 square yard (450 square meters) in area:
“The hand operated joint seal application equipment shall be a two-axle, four-wheel machine that shall include means for compressing and inserting the compression seal into the joint and a reel capable of holding one full spool of compression seal. Auxiliary equipment shall be provided to coat both sides the seal or the joint with lubricant/adhesive just prior to the installation of the compression seal.”
************************************************************************************
CONSTRUCTION METHODS
604-4.1 Environmental conditions. The ambient temperature and the pavement temperature within the joint wall shall be at least 35°F (2°C) and rising at the time of installation of the materials. Sealant application will not be permitted if moisture or any foreign material is observed in the joint.
604-4.2 Trial joint seal and lubricant/adhesive installation. Prior to the cleaning and sealing of the joints for the entire project, a test section at least 200 feet (69 meters) long shall be prepared at a location in the project pavement directed by the Engineer using the specified materials and the approved equipment, to demonstrate the proposed joint preparation and sealing of all types of joints in the project. Following the completion of the trial length and before any other joint is sealed, the trial joints will be inspected by the Engineer to determine that the materials and installation meet the requirements specified. If materials or installation do not meet requirements the materials shall be removed, and the joints shall be recleaned and resealed at no cost to the Owner. No other joints shall be sealed until the test installation has been approved by the Engineer. If the trial section is approved, it may be incorporated into the permanent work. All other joints shall be sealed in the manner approved for sealing the trial joints.
604-4.3 Preparation of joints. Immediately before installation of the compression joint seal, the joints shall be thoroughly cleaned to remove all laitance, filler, existing sealer, foreign material and protrusions of hardened concrete from the sides and upper edges of the joint space to be sealed. Cleaning shall be performed using equipment in accordance with paragraph 604-3.1a  and shall extend along pavement surfaces at least 1/2 inch (12 mm) on either side of the joint. After final cleaning and immediately prior to sealing, the joints shall be blown out with compressed air and left completely free of debris and water. Demonstrate that the selected cleaning operation meets the cleanliness requirements. Any irregularity in the joint face that would prevent uniform contact between the joint seal and the joint face shall be corrected prior to the installation of the joint seal.
************************************************************************************
Joint openings of uniform cross-section are essential to satisfactory installation of compression joint seal. Openings must be sawed to provide smooth vertical faces of consistent width, within specified tolerances. Non-uniformity in width or roughness will cause variations in resistance of the joint seal to insertion and will result in irregular depth of insertion, stretching, and a tendency of the joint seal to twist so that the top of the seal is not at the surface.
The proper preparation of joints with respect to the size of joint opening, required cleanliness of vertical and parallel joint faces, and uniform contact between the seal and the joint face cannot be overemphasized. The neglect of any facet of these operations can result and has resulted in poor performance of joint seals.
************************************************************************************
a. Sawing. Joints shall be sawed to clean and to open them to the full specified width and depth. Immediately following the sawing operation, the joint faces and opening shall be thoroughly cleaned using a water jet to remove all saw cuttings or debris remaining on the faces or in the joint opening. Compression seal shall be installed within three (3) calendar days of the time the joint cavity is sawed. Depth of the joint cavity shall be in accordance with manufacturer’s instructions.  Submit printed copies of manufacturers’ instructions 60 days prior to use on the project. The saw cut for the joint seal cavity shall at all locations be centered over the joint line. The nominal width of the sawed joint seal cavity shall be as follows; the actual width shall be within a tolerance of ±1/16 inch (2 mm):
(1) If a nominal 13/16 inch (21 mm) wide compression seal is furnished, the nominal width of the saw cut shall be [      ] inches ([      ] mm) when the pavement temperature at the time of sawing is between [       and       ]°F ([       and       ]°C). If the pavement temperature at the time of sawing is above this range, the nominal width of the saw cut shall be decreased 1/16 inch (2 mm). If the pavement temperature at the time of sawing is below this range, the nominal width of the saw cut shall be increased 1/16 inch (2 mm).
(2) If a nominal one inch (25 mm) wide compression seal is furnished, the nominal width of the saw cut shall be [      ] inches ([      ] mm) when the pavement temperature at the time of sawing is between [       and       ]°F ([       and       ]°C). If the pavement temperature at the time of sawing is above this range, the nominal width of the saw cut shall be decreased 1/16 inch (2 mm). If the pavement temperature at the time of sawing is below this range, the nominal width of the saw cut shall be increased 1/16 inch (2 mm).
(3) The pavement temperature shall be measured and recorded in the presence of the Engineer. Measurement shall be made each day before commencing sawing and at any other time during the day when the temperature appears to be moving out of the allowable sawing range.
************************************************************************************
In paragraph 604-3.a, the requirements are based on giving the Contractor the option of using either nominal 13/16 inch (21 mm) or one inch (25 mm) wide compression seal. The designer will select the required values from columns (3) and (4) of the following table, based on the geographical area and the nominal sealant width to be used for this project.  The Engineer should ensure joint installation follows the manufacturer recommendations.
	For insertion in blanks

	Area
	(1)
Expected Pavement Temperature Range in Service (Degrees F)
	(2)
Nominal Uncompressed Sealant Width
(Inches)
	(3)
Nominal Saw Cut
(Inches)
	(4)
Allowable Pavement Temperature Range for Sawing
(Degrees F)

	Southwest Desert Area
	+10 to +160 
	13/16
	8/16 
	+50 to +115 

	
	
	1 
	9/16 
	+55 to +180 

	Southern U.S.
	0 to +135 
	13/16 
	8/16 
	+30 to +110 

	
	
	1 
	9/16
	+30 to +170 

	Other Contiguous U.S. States
	-30 to +135 
	13/16 
	8/16 
	+25 to +80 

	
	
	1 
	9/16 
	+25 to +140 

	Alaska and Similar Areas
	-70 to +110
	13/16* 
	7/16 
	+50* to +105 

	
	
	1 
	8/16 
	+60 to +160 


* Note in the project specifications that this seal shall not be installed in a saw cut less than 7/16 in and thus cannot be used in this area if sawing must be done at temperatures less than +50°.
The above table is based on the following:
a. Tolerance from nominal specified width of uncompressed seal plus 1/8 inch (3 mm) and minus 1/16 inch (2 mm).
b. Tolerance from nominal saw cut width ±1/16 inch (2 mm).
c. Compression seal must be compressed at least 20% of its uncompressed width at all times.
d. Compression seal must never be compressed more than 60% of its uncompressed width at any time (narrowest opening in hot weather must be at least 40% of uncompressed seal width).
Before the compression seal is used for resealing joints in existing pavements, it is common practice to resaw the joints, which will give a wider cavity. Width of sawing should be held to the same tolerance as specified for new pavements. For unusual conditions and for resealing joints in existing pavements where the prepared joint is extra wide, the designer will have to compute values to insert in the blanks using the computations for slab (or joint) movement based on the formula dL= 12 × C × L × (α × dT + ε) where dL = Joint opening caused by the temperature change and drying shrinkage of Portland cement concrete; C = adjustment factor due to slab or base friction restraint; L = Joint spacing; α = thermal coefficient of contraction for concrete; ε = drying shrinkage coefficient of concrete; and dT = temperature range. Refer to Unified Facilities Criteria (UFC) 3-250-08FA for the steps required to compute the working range of joints and sealants.
************************************************************************************
b. Sandblast cleaning. [   Sandblast cleaning is not allowed.   ] [   The concrete joint faces and pavement surfaces extending at least 1/2 inch (12 mm) from the joint edges shall be sandblasted clean. A multiple pass technique shall be used until the surfaces are free of dust, dirt, curing compound, or any residue that might prevent ready insertion or uniform contact of the seal and bonding of the lubricant/adhesive to the concrete. After final cleaning and immediately prior to sealing, the joints shall be blown out with compressed air and left completely free of debris and water.   ]
************************************************************************************
Sandblasting of joints may not be permitted under certain conditions. Blowing sand and dust may either violate atmospheric pollution statutes, or may drift into areas where it would be objectionable. When sandblasting is prohibited, cleaning the joints with waterblasting equipment may be used.  
Coordinate with paragraph 604-3.1.a(2) entitled “Sandblasting Equipment.” 
************************************************************************************
c. Waterblast cleaning. The concrete joint faces and pavement surfaces extending at least 1/2 inch (12 mm) from the joint edges shall be waterblasted clean. A multiple pass technique shall be used until the surfaces are free of dust, dirt, curing compound, or any residue that might prevent ready insertion or uniform contact of the seal and bonding of the lubricant/adhesive to the concrete. After final cleaning and immediately prior to sealing, the joints shall be blown out with compressed air and left completely free of debris and water.
************************************************************************************
Waterblasting equipment varies considerably with respect to design of wand, nozzle, water pressure, and water volume depending upon the manufacturer. Consequently, the effectiveness of a particular set of equipment cannot be predicted. The joints may be waterblasted the previous day and cleaned with compressed air immediately prior to sealing. The joints should be inspected to ensure no foreign debris remains in the joint before sealing.
************************************************************************************
d. Rate of progress. Sandblasting or waterblasting of the joint faces and air pressure cleaning of the joints shall be limited to the linear footage of joint that can be sealed during the same workday.
604-4.4 Installation of the compression seal.
************************************************************************************
Temperatures of the pavement and the atmosphere are not as critical for the installation of compression joint seals as they are for poured sealants. Therefore, lower temperatures are acceptable and under some conditions sealing can proceed satisfactorily at temperatures lower than 35°F (2°C). However, joints should be dry to obtain maximum cementing of the lubricant/adhesive to the concrete and manufacturers should be contacted for special instructions under cold conditions.
************************************************************************************
a. Time of installation. Joints shall be sealed within three (3) calendar days of sawing the joint seal cavity and immediately following concrete cure and the final cleaning of the joint walls. Open joints ready for sealing that cannot be sealed under the conditions specified shall be provided with an approved temporary seal to prevent infiltration of foreign material. When rain interrupts the sealing operations, the joints shall be washed, air pressure cleaned and allowed to dry prior to installing the lubricant/adhesive and compression seal.
b. Sequence of installation. Longitudinal joints shall be sealed first, followed by transverse joints. Seals in longitudinal joints shall be installed so that all transverse joint seals will be intact from edge to edge of the pavement. Intersections shall be made monolithic by use of joint seal adhesive and care in fitting the intersection parts together. Extender pieces of seal shall not be used at intersections. Any seal falling short of the intersection shall be removed and replaced with new seal at no additional cost to the Owner.
604-4.5 Sealing of joints. The joint seal shall be installed using the equipment specified in paragraph 604-3.1b. The sides of the joint seal or the sides of the joint shall be covered with a coating of lubricant/adhesive and the seal installed as specified. Butt joints and seal intersections shall be coated with liberal applications of lubricant/adhesive. Lubricant/adhesive spilled on the pavement shall be removed immediately to prevent setting on the pavement. An in-place joint seal shall be in an upright position and free from twisting, distortion, and cuts.  Adjustments shall be made to the installation equipment and procedure, if the stretch exceeds 1%. Any seal exceeding 2% stretch shall be removed and replaced. The joint seal shall be placed at a uniform depth within the tolerances specified. In-place joint seal that fails to meet the specified requirements shall be removed and replaced with new joint seal in a satisfactory manner at no additional cost to the Owner. The compression joint seal shall be placed to a depth of 3/16 inch (5 mm), ±1/8 inch (3 mm), below the pavement surface or below the depth of the groove unless otherwise directed by the Engineer. No part of the seal shall be allowed to project above the surface of the pavement. The seal shall be installed in the longest practicable lengths in longitudinal joints and shall be cut at the joint intersections so as to provide continuous installation of the seal in the transverse joints. The lubricant/adhesive in the longitudinal shall be allowed to set for one (1) hour prior to cutting at the joint intersections to reduce the possibility of shrinkage. For all transverse joints, the minimum length of the preformed joint seal shall be the pavement width from edge to edge.
************************************************************************************
Stretching of the compression joint seal beyond the specified maximum must never be permitted, as breaks in the seal could occur later. It is also possible that if the maximum is exceeded, when the longitudinal joints are cut to install the transverse joints that the joint seal material will return to its natural length leaving openings in the final product. Conversely, placing the seal so that the compression seal is compressed longitudinally is also undesirable, as this practice tends to cause unsightly undulations and may exceed depth of installation tolerances. 
************************************************************************************
604-4.6 Clean-up. Upon completion of the project, all unused materials shall be removed from the site, all lubricant/adhesive on the pavement surface shall be removed, and the pavement shall be left in clean condition.
604-4.7 Quality control provisions.
a. Equipment. The application equipment shall be inspected to assure uniform application of lubricant/adhesive to the sides of the compression joint seal or the walls of the joint. If any equipment causes cutting, twisting, nicking, excessive stretching or compressing of the compression seal, or improper application of the lubricant/adhesive, the operation shall be suspended until causes of the deficiencies are determined and corrected by the Contractor.
b. Procedures.
(1) Quality control provisions shall be provided during the joint cleaning process to prevent or correct improper equipment and cleaning techniques that damage the concrete in any manner. Cleaned joints shall be approved by the Engineer prior to installation of the lubricant/adhesive and compression joint seal.
(2) Conformance to stretching and compression limitations shall be determined by the Engineer. Mark the top surface of the compression seal at one foot (30 cm) intervals in a manner clear and durable to enable length determinations of the seal. After installation, the distance between the marks on the seal shall be measured by the Contractor. If the stretching or compression exceeds the specified limit, the seal shall be removed and replaced with new joint seal at no additional cost to the Owner. The seal shall be removed up to the last correct measurement. The seal shall be inspected by the Contractor a minimum of once per 400 feet (120 m) of seal for compliance to the shrinkage or compression requirements. Measurements shall also be made at the same interval to determine conformance with depth and width installation requirements. All compression seal that is not in conformance with specification requirements shall be removed and replaced with new joint seal at no additional cost to the Owner.
c. Inspection. The joint sealing system (compression seal and lubricant/adhesive) shall be inspected by the Engineer for proper rate of cure and bonding to the concrete, cuts, twists, nicks, and other deficiencies. Seals exhibiting any defects, at any time prior to final acceptance of the project, shall be removed from the joint, wasted, and replaced in a satisfactory manner, as determined by the Engineer.
METHOD OF MEASUREMENT
604-5.1 Measurement. The quantity of each sealing item will be determined by actual measurement of the number of linear feet (meter) of in-place material that has been approved.
BASIS OF PAYMENT
604-6.1 Payment. Payment will be made at the contract unit bid prices per linear foot (meter) for the sealing items scheduled, including approved trial joint installation. The unit bid prices shall include the cost of all labor, materials, the use of all equipment, and tools required to complete the work.
Item 604-6.1	Compression Joint Seals for Concrete Pavements
TESTING REQUIREMENTS
The publications listed below form a part of this specification to the extent referenced. The publications are referred to in this text by basic designation only.
ASTM D2628	Standard Specification for Preformed Polychloroprene Elastomeric Joint Seals for Concrete Pavements
ASTM D2835	Standard Specification for Lubricant for Installation of Preformed Compression Seals in Concrete Pavements
Corps of Engineers CRD C548
Standard Specification for Jet-Fuel and Heat Resistant Preformed Polychloroprene Elastomeric Joint Seals for Rigid Pavements
UFC 3-250-08FA	Standard Practice for Sealing Joints and Cracks in Rigid and Flexible Pavements
END ITEM P-604
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[bookmark: _Toc393451395][bookmark: _Ref301943411][bookmark: _Toc306359500]Item P-605 Joint Sealants for Concrete Pavements 
DESCRIPTION
605-1.1 This item shall consist of providing and installing a resilient and adhesive joint sealing material capable of effectively sealing joints and cracks in rigid pavements.
MATERIALS
605-2.1 Joint sealants. Joint sealant materials shall meet the requirements of [      ].
Each lot or batch of sealant shall be delivered to the jobsite in the manufacturer’s original sealed container. Each container shall be marked with the manufacturer’s name, batch or lot number, the safe heating temperature, and shall be accompanied by the manufacturer’s certification stating that the sealant meets the requirements of this specification.
************************************************************************************
The Engineer shall specify one or more of the following:
ASTM D5893	Standard Specifications for Cold Applied, Single Component, Chemically Curing Silicone Joint Sealant for Portland Cement Concrete Pavements.
ASTM D6690	Standard Specification for Joint and Crack Sealants, Hot Applied, for Concrete and Asphalt Pavements 
[   Engineer shall specify the sealant type   ]. Additionally, if silicone sealants are elected, add the ASTM to the listing of Material Requirements.
************************************************************************************
605-2.2 Backer rod. The material furnished shall be a compressible, non-shrinking, non-staining, non-absorbing material that is non-reactive with the joint sealant.  The material shall have a water absorption of not more than 5% when tested in accordance with ASTM C509.  The backer-rod material shall be 25% ± 5 % larger in diameter than the nominal width of the crack.
605-2.3 Backup materials. Provide backup material that is a compressible, nonshrinking, nonstaining, nonabsorbing material, nonreactive with the joint sealant. The material shall have a melting point at least 5°F (3°C) greater than the pouring temperature of the sealant being used when tested in accordance with ASTM D789. The material shall have a water absorption of not more than 5% of the sample weight when tested in accordance with ASTM C509. The backup material shall be 25 ±5% larger in diameter than the nominal width of the crack. 
605-2.4 Bond breaking tapes. Provide a bond breaking tape or separating material that is a flexible, nonshrinkable, nonabsorbing, nonstaining, and nonreacting adhesive-backed tape. The material shall have a melting point at least 5°F (3°C) greater than the pouring temperature of the sealant being used when tested in accordance with ASTM D789. The bond breaker tape shall be approximately 1/8 inch (3 mm) wider than the nominal width of the joint and shall not bond to the joint sealant. 
************************************************************************************
The use of a bond breaking separation tape or backup material in the joint may prevent an adverse reaction between incompatible materials, maintain the desired configuration (shape factor of the material), and act as a bond breaker to prevent excessive stresses from being placed on the sealant during pavement movement. Therefore, the separating or backup material should be carefully selected and installed to form an effective and durable support for the sealant. Separating or blocking media should be placed to a depth below the pavement approximately equal to the width of the joint. This is to achieve a shape factor (ratio of the depth of the sealant to the width of the joint) of 1. ASTM D5893 sealants sometimes require a shape factor of 0.5 instead of 1. This is equivalent to a width-to-depth ratio of 2:1 and will require the standard joint detail to be modified. If a ASTM D5893 sealant is to be used, the placement depth of the bond breaking separating tape or backup material should be adjusted accordingly. Drawings should be included in the contract drawings to indicate application details.
For installation of light cans, backup materials shall not be used between Items P‑605 and P-606.  Can installation shall be per advisory circular (AC) 150/5340-30.
************************************************************************************
CONSTRUCTION METHODS
605-3.1 Time of application. Joints shall be sealed as soon after completion of the curing period as feasible and before the pavement is opened to traffic, including construction equipment. The pavement temperature shall be 50°F (10°C)  and rising at the time of application of the poured joint sealing material. Do not apply sealant if moisture is observed in the joint.  
************************************************************************************
When used with P-606, such as light can installation, P-605 shall not be applied until the P-606 has fully cured.
If the pavement must be opened to traffic prior to placement of the sealant, this paragraph should be modified to require the Contractor to temporarily fill the joint with a jute or nylon rope immediately after the joint is sawed. The rope should be slightly larger than the joint and should be forced into the joint so that the top of the rope is 1/8 inch (3 mm) below the pavement surface. The rope shall be removed immediately prior to cleaning.
************************************************************************************
605-3.2 Equipment. Machines, tools, and equipment used in the performance of the work required by this section shall be approved before the work is started and maintained in satisfactory condition at all times. Submit a list of proposed equipment to be used in performance of construction work including descriptive data, [      ] days prior to use on the project.
[   a. Tractor-mounted routing tool. Provide a routing tool, used for removing old sealant from the joints, of such shape and dimensions and so mounted on the tractor that it will not damage the sides of the joints. The tool shall be designed so that it can be adjusted to remove the old material to varying depths as required. The use of V-shaped tools or rotary impact routing devices will not be permitted. Hand-operated spindle routing devices may be used to clean and enlarge random cracks.
b. Concrete saw. Provide a self-propelled power saw, with water-cooled diamond or abrasive saw blades, for cutting joints to the depths and widths specified or for refacing joints or cleaning sawed joints where sandblasting does not provide a clean joint.
c. Sandblasting equipment. [   Sandblasting is not allowed.   ] [   Include with the sandblasting equipment an air compressor, hose, and long-wearing venturi-type nozzle of proper size, shape and opening. The maximum nozzle opening should not exceed 1/4 inch (6 mm). The air compressor shall be portable and capable of furnishing not less than 150 cfm (71 L/s) and maintaining a line pressure of not less than 90 psi (621 kPa) at the nozzle while in use. Demonstrate compressor capability, under job conditions, before approval. The compressor shall be equipped with traps that will maintain the compressed air free of oil and water. The nozzle shall have an adjustable guide that will hold the nozzle aligned with the joint approximately one inch (25 mm) above the pavement surface. Adjust the height, angle of inclination and the size of the nozzle as necessary to secure satisfactory results.   ]
************************************************************************************
Sandblasting equipment with a 1/4 inch (6 mm) nozzle requires at least 137 cubic feet per minute (64.7 liters per second) of air to function efficiently. A larger nozzle would not serve any useful purpose in cleaning joints.
************************************************************************************
d. Waterblasting equipment.  Include with the waterblasting equipment a trailer-mounted water tank, pumps, high-pressure hose, wand with safety release cutoff control, nozzle, and auxiliary water resupply equipment. Provide water tank and auxiliary resupply equipment of sufficient capacity to permit continuous operations. The nozzle shall have an adjustable guide that will hold the nozzle aligned with the joint approximately one inch (25 mm) above the pavement surface. Adjust the height, angle of inclination and the size of the nozzle as necessary to obtain satisfactory results. A pressure gauge mounted at the pump shall show at all times the pressure in psi (kPa) at which the equipment is operating.
************************************************************************************
Waterblasting equipment varies considerably with respect to design of wand, nozzle, water pressure, and water volume, depending upon the manufacturer. Consequently, the effectiveness of a particular set of equipment cannot be predicted. Delete this paragraph if waterblasting will not be used.
************************************************************************************
e. Hand tools.  Hand tools may be used, when approved, for removing defective sealant from a crack and repairing or cleaning the crack faces.
************************************************************************************
Where spalled joint edges have not been repaired prior to any previous sealing, it may be necessary for the Contractor to employ other types of small tools for the repair work. Such tools should be carefully evaluated for potential spalling effects prior to approval for use. 
************************************************************************************
f. Hot-poured sealing equipment. The unit applicators used for heating and installing ASTM D6690 joint sealant materials shall be mobile and shall be equipped with a double-boiler, agitator-type kettle with an oil medium in the outer space for heat transfer; a direct-connected pressure-type extruding device with a nozzle shaped for inserting in the joint to be filled; positive temperature devices for controlling the temperature of the transfer oil and sealant; and a recording type thermometer for indicating the temperature of the sealant. The applicator unit shall be designed so that the sealant will circulate through the delivery hose and return to the inner kettle when not in use. 
g. Two-component, cold-applied, machine mix sealing equipment. Provide equipment used for proportioning, mixing, and installing Federal Specification SS-S-200 Type M joint sealants designed to deliver two semifluid components through hoses to a portable mixer at a preset ratio of one (1) to one (1) by volume using pumps with an accuracy of ±5% for the quantity of each component. The reservoir for each component shall be equipped with mechanical agitation devices that will maintain the components in a uniform condition without entrapping air. Incorporate provisions to permit thermostatically controlled indirect heating of the components, when required. However, immediately prior to proportioning and mixing, the temperature of either component shall not exceed 90°F (32°C). Provide screens near the top of each reservoir to remove any foreign particles or partially polymerized material that could clog fluid lines or otherwise cause misproportioning or improper mixing of the two components. Provide equipment capable of thoroughly mixing the two components through a range of application rates of 10 to 60 gallons (37.8 to 189 L) per hour and through a range of application pressures from 50 to 1500 psi (345 kPa to 10.3 MPa) as required by material, climatic, or operating conditions. Design the mixer for the easy removal of the supply lines for cleaning and proportioning of the components. The mixing head shall accommodate nozzles of different types and sizes as may be required by various operations. The dimensions of the nozzle shall be such that the nozzle tip will extend into the joint to allow sealing from the bottom of the joint to the top. Maintain the initially approved equipment in good working condition, serviced in accordance with the supplier’s instructions, and unaltered in any way without obtaining prior approval.
h. Two-component, cold-applied, hand-mix sealing equipment. Mixing equipment for Federal Specification SS-S-200 Type H sealants shall consist of a slow-speed electric drill or air-driven mixer with a stirrer in accordance with the manufacturer’s recommendations. Submit printed copies of manufacturer’s recommendations [      ] days prior to use on the project where installation procedures, or any part thereof, are required to be in accordance with those recommendations. Installation of the material will not be allowed until the recommendations are received. Failure to furnish these recommendations can be cause for rejection of the material.
i. Cold-applied, single-component sealing equipment. The equipment for installing ASTM D5893 single component joint sealants shall consist of an extrusion pump, air compressor, following plate, hoses, and nozzle for transferring the sealant from the storage container into the joint opening. The dimension of the nozzle shall be such that the tip of the nozzle will extend into the joint to allow sealing from the bottom of the joint to the top. Maintain the initially approved equipment in good working condition, serviced in accordance with the supplier’s instructions, and unaltered in any way without obtaining prior approval. Small hand-held air-powered equipment (i.e., caulking guns) may be used for small applications.
************************************************************************************
Some ASTM D5893 sealants cure when exposed to moisture. When the sealant is moisture sensitive it is necessary to use Teflon-lined hoses to prevent the sealant from curing in the hoses.
************************************************************************************
   ]
************************************************************************************
Delete the paragraphs that do not apply to the project.
************************************************************************************
605-3.3 Preparation of joints.
a. Sawing. All joints shall be sawed in accordance with specifications and plan details. Immediately after sawing the joint, the resulting slurry shall be completely removed from joint and adjacent area by flushing with a jet of water, and by use of other tools as necessary.
b. Sealing. Immediately before sealing, the joints shall be thoroughly cleaned of all remaining laitance, curing compound, filler, protrusions of hardened concrete, old sealant and other foreign material from the sides and upper edges of the joint space to be sealed. Cleaning shall be accomplished by [   sandblasting   ] [   tractor-mounted routing equipment   ] [   concrete saw   ] [   waterblaster   ] as specified in paragraph 605-3.2. The newly exposed concrete joint faces and the pavement surface extending a minimum of 1/2 inch (12 mm) from the joint edge shall be sandblasted clean.  Sandblasting shall be accomplished in a minimum of two passes. One pass per joint face with the nozzle held at an angle directly toward the joint face and not more than 3 inches (75 mm) from it. After final cleaning and immediately prior to sealing, blow out the joints with compressed air and leave them completely free of debris and water. The joint faces shall be surface dry when the seal is applied. 
************************************************************************************
Sandblasting of joints may not be permitted under certain conditions. Blowing sand and dust may either violate atmospheric pollution statutes, or may drift into areas where it would be objectionable. When sandblasting is prohibited, cleaning the joints with a waterblaster or wire brushes may be substituted. Wire brushes usually do not clean as well as the sandblaster or waterblaster and should only be used for small areas. When wire brushes are used, attention should be given to ensure worn brushes are not used and that the joints are being adequately cleaned. 
************************************************************************************
c. Back-up material. When the joint opening is of a greater depth than indicated for the sealant depth, plug or seal off the lower portion of the joint opening using a back-up material to prevent the entrance of the sealant below the specified depth. Take care to ensure that the backup material is placed at the specified depth and is not stretched or twisted during installation. 
d. Bond-breaking tape. Where inserts or filler materials contain bitumen, or the depth of the joint opening does not allow for the use of a backup material, insert a bond-breaker separating tape to prevent incompatibility with the filler materials and three-sided adhesion of the sealant. Securely bond the tape to the bottom of the joint opening so it will not float up into the new sealant.
605-3.4 Installation of sealants. Joints shall be inspected for proper width, depth, alignment, and preparation, and shall be approved by the Engineer before sealing is allowed. Sealants shall be installed in accordance with the following requirements:
Immediately preceding, but not more than 50 feet (15 m) ahead of the joint sealing operations, perform a final cleaning with compressed air. Fill the joints from the bottom up to [   1/8   ] [   1/4   ] inch ([   3   ] [   6   ] mm) ±1/16 inch (2 mm) below the pavement surface. Remove and discard excess or spilled sealant from the pavement by approved methods. Install the sealant in such a manner as to prevent the formation of voids and entrapped air. In no case shall gravity methods or pouring pots be used to install the sealant material. Traffic shall not be permitted over newly sealed pavement until authorized by the Contracting Officer. When a primer is recommended by the manufacturer, apply it evenly to the joint faces in accordance with the manufacturer’s instructions. Check the joints frequently to ensure that the newly installed sealant is cured to a tack-free condition within the time specified.
************************************************************************************
The use of a backup material or bond breaker in the bottom of the joint to be filled is recommended to control the depth of the sealant, to achieve the desired shape factor, and to support the sealant against indentation and sag. Backup materials and bond breakers should be compatible with the sealant should be compressible without extruding the sealant, and should recover to maintain contact with the joint faces when the joint is open.
Jute, paper, or other moisture absorbing material shall not be used for the backing material. The backing material shall be rubber, butyl rubber, or other approved material that will not react with the joint sealer and will not form a gas when the hot joint sealer is applied.
************************************************************************************
605-3.5 Inspection. The Contractor shall inspect the joint sealant for proper rate of cure and set, bonding to the joint walls, cohesive separation within the sealant, reversion to liquid, entrapped air and voids. Sealants exhibiting any of these deficiencies at any time prior to the final acceptance of the project shall be removed from the joint, wasted, and replaced as specified at no additional cost to the airport.
605-3.6 Clean-up. Upon completion of the project, remove all unused materials from the site and leave the pavement in a clean condition.
METHOD OF MEASUREMENT
605-4.1 Joint sealing material shall be measured by the [   gallon (liter)   ] [   pound (kg)   ] [   linear foot (meter)   ] of sealant in place, completed, and accepted.
BASIS OF PAYMENT
605-5.1 Payment for joint sealing material shall be made at the contract unit price per [   gallon (liter)   ] [   pound (kg)   ] [   linear foot (meter)   ]. The price shall be full compensation for furnishing all materials, for all preparation, delivering, and placing of these materials, and for all labor, equipment, tools, and incidentals necessary to complete the item.
Payment will be made under:
Item P-605-5.1	Joint Sealing Filler, per gallon (liter)
Item P-605-5.2	Joint Sealing Filler, per pound (kg)
Item P-605-5.3	Joint Sealing Filler, per linear foot (meter)
TESTING REQUIREMENTS
ASTM D412	Standard Test Methods for Vulcanized Rubber and Thermoplastic Elastomers – Tension
ASTM C509	Standard Specification for Elastomeric Cellular Preformed Gasket and Sealing Material
ASTM D1644	Standard Test Methods for Nonvolatile Content of Varnishes
MATERIAL REQUIREMENTS
AC 150/5340-30	Design and Installation Details for Airport Visual Aids
ASTM D789 	Standard Test Method for Determination of Relative Viscosity of Polyamide (PA)
ASTM D5893	Standard Specification for Cold Applied, Single Component, Chemically Curing Silicone Joint Sealant for Portland Cement Concrete Pavements
ASTM D6690	Standard Specification for Joint and Crack Sealants, Hot Applied, for Concrete and Asphalt Pavements
END ITEM P-605
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[bookmark: _Ref301943433][bookmark: _Toc306359501][bookmark: _Toc393451396]Item P-606 Adhesive Compounds, Two-Component for Sealing Wire and Lights in Pavement
DESCRIPTION
606-1.1. This specification covers two types of material; a liquid suitable for sealing electrical wire in saw cuts in pavement and for sealing light fixtures or bases in pavement, and a paste suitable for embedding light fixtures in the pavement. Both types of material are two-component filled formulas with the characteristics specified in paragraph 606-2.4. Materials supplied for use with bituminous concrete pavements must be formulated so they are compatible with the bituminous concrete.
************************************************************************************
If the material is to be used on bituminous concrete pavements and it is not formulated for this use, cracking and separation of the material from sawed wireway kerfs and around light fixtures may occur.
************************************************************************************
EQUIPMENT AND MATERIALS
606-2.1 Curing. When pre-warmed to 77°F (25°C), mixed, and placed in accordance with manufacturer’s directions, the materials shall cure at temperatures of 45°F (7°C) or above without the application of external heat.
606-2.2 Storage. The adhesive components shall not be stored at temperatures over 86°F (30°C).
606-2.3 Caution. Installation and use shall be in accordance with the manufacturer’s recommended procedures. Avoid prolonged or repeated contact with skin. In case of contact, wash with soap and flush with water. If taken internally, call doctor. Keep away from heat or flame. Avoid vapor. Use in well-ventilated areas. Keep in cool place. Keep away from children.
606-2.4 Characteristics. When mixed and cured in accordance with the manufacturer’s directions, the materials shall have the following properties shown in Table 1.
SAMPLING, INSPECTION, AND TEST PROCEDURES
606-3.1 Tensile properties. Tests for tensile strength and elongation shall be conducted in accordance with ASTM D638.
606-3.2 Expansion. Tests for coefficients of linear and cubical expansion shall be conducted in accordance with ASTM D1168, Method B, except that mercury shall be used instead of glycerine. The test specimen shall be mixed in the proportions specified by the manufacturer, and cured in a glass tub approximately 2 inch (50 mm) long by 3/8 inch (9 mm) in diameter. The interior of the tube shall be precoated with a silicone mold release agent. The hardened sample shall be removed from the tube and aged at room temperature for one (1) week before conducting the test. The test temperature range shall be from 35°F (2°C) to 140°F (60°C).
606-3.3 Test for dielectric strength. Test for dielectric strength shall be conducted in accordance with ASTM D149 for sealing compounds to be furnished for sealing electrical wires in pavement.
[bookmark: _Toc300303589]Table 1. Property Requirements
	Physical or Electrical Property
	Minimum
	Maximum
	ASTM Method

	Tensile

		Portland cement concrete
	1,000 psi
(70 kg/sq cm)
	
	D 638

		Bituminous concrete
	500 psi
(35 kg/sq cm)
	
	

	Elongation

		Portland cement concrete
	
	See note 1
	D 638

		Bituminous concrete
	50%
	
	D 638

	Coef. of cub. exp.
	cu. cm/cu. cm/°C
	0.00090
	0.00120
	D 1168

	Coef. of lin. exp.
	cm/cm/°C
	0.000030
	0.000040
	D 1168

	Dielectric strength, short time test
	350 volts/mil.
	
	D 149

	Arc resistance
	125 sec
	
	

	Pull-off

	Adhesion to steel
	1,000 psi
(70 kg/sq cm)
	
	

	Adhesion to Portland cement concrete
	200 psi
(14 kg/sq cm)
	
	

	Adhesion to asphalt concrete
	No test available.
	
	

	Adhesion to aluminum
	250 psi
	
	


1 20% or more (without filler) for formulations to be supplied for areas subject to freezing.

606-3.4 Test for arc resistance. Test for arc resistance shall be conducted for sealing compounds to be furnished for sealing electrical wires in pavement.
606-3.5 Test for adhesion to steel. The ends of two smooth, clean, steel specimens of convenient size (1 inch by 1 inch by 6 inch) (25 mm by 25 mm by 150 mm) would be satisfactory when bonded together with adhesive mixture and allowed to cure at room temperature for a period of time to meet formulation requirements and then tested to failure on a Riehle (or similar) tensile tester. The thickness of adhesive to be tested shall be 1/4 inch (6 mm).
606-3.6 Adhesion to Portland cement concrete
a. Concrete test block preparation. The aggregate grading shall be as shown in Table 2.
The coarse aggregate shall consist of crushed rock having a minimum of 75% of the particles with at least one fractured face and having a water absorption of not more than 1.5%. The fine aggregate shall consist of crushed sand manufactured from the same parent rock as the coarse aggregate. The concrete shall have a water-cement ratio of 5.5 gallons (21 liters) of water per bag of cement, a cement factor of 6, ±0.5, bags of cement per cubic yard (0.76 cubic meter) of concrete, and a slump of 2-1/2 inch (60 mm), ±1/2 inch (60 mm ±12 mm). The ratio of fine aggregate to total aggregate shall be approximately 40% by solid volume. The air content shall be 5.0%, ±0.5%, and it shall be obtained by the addition to the batch of an air-entraining admixture such as Vinsol® resin. The mold shall be of metal and shall be provided with a metal base plate. 
Means shall be provided for securing the base plate to the mold. The assembled mold and base plate shall be watertight and shall be oiled with mineral oil before use. The inside measurement of the mold shall be such that several one inch (25 mm) by 2 inch (75 mm) by 3 inch (25 mm by 50 mm by 75 mm) test blocks can be cut from the specimen with a concrete saw having a diamond blade. The concrete shall be prepared and cured in accordance with ASTM C192.
[bookmark: _Ref300049394][bookmark: _Toc300303590]Table 2. Aggregate For Bond Test Blocks
	Type
	Sieve Size
	Percent Passing

	Coarse Aggregate 
	3/4 inch (19 mm)
	97 to 100

	
	1/2 inch (12 mm)
	63 to 69

	
	3/8 inch (9 mm)
	30 to 36

	
	No. 4 (4.75 mm)
	0 to 3

	Fine Aggregate 
	No. 4 (4.75 mm)
	100

	
	No. 8 (2.36 mm)
	82 to 88

	
	No. 16 (1.18 mm)
	60 to 70

	
	No. 30 (600 μm)
	40 to 50

	
	No. 50 (300 μm)
	16 to 26

	
	No. 100 (150 μm)
	5 to 9


b. Bond test. Prior to use, oven-dry the test blocks to constant weight at a temperature of 220°F to 230°F (104°C to 110°C), cool to room temperature, 73.4°F ±3°F (23°C ±1.6°C), in a desiccator, and clean the surface of the blocks of film or powder by vigorous brushing with a stiff-bristled fiber brush. Two test blocks shall be bonded together on the one inch by 3 inch (25 mm by 75 mm) sawed face with the adhesive mixture and allowed to cure at room temperature for a period of time to meet formulation requirements and then tested to failure in a Riehle (or similar) tensile tester. The thickness of the adhesive to be tested shall be 1/4 inch (6 mm).
606-3.7 Compatibility with asphalt concrete. Test for compatibility with asphalt in accordance with ASTM D5329.
606-3.8 Adhesive compounds - Contractor’s responsibility. The Contractor shall furnish the vendor’s certified test reports for each batch of material delivered to the project. The report shall certify that the material meets specification requirements and is suitable for use with [   Portland cement concrete   ] [   bituminous concrete   ] pavements. The report shall be delivered to the Engineer before permission is granted for use of the material. In addition the Contractor shall obtain a statement from the supplier or manufacturer that guarantees the material for one year. The supplier or manufacturer shall furnish evidence that the material has performed satisfactorily on other projects.
606-3.9 Application. Adhesive shall be applied on a dry, clean surface, free of grease, dust, and other loose particles. The method of mixing and application shall be in strict accordance with the manufacturer’s recommendations.  When used with Item P-605, such as light can installation, Item P-605 shall not be applied until the Item P-606 has fully cured.
************************************************************************************
Installation methods such as surface preparation, mixing ratios, and pot life are as important to satisfactory performance as the properties of the material itself. Therefore, the Engineer may wish to require a manufacturer’s representative to be present during the initial installation of the material to ensure the installation procedures are in accordance with the manufacturer’s directions.
************************************************************************************
METHOD OF MEASUREMENT
606-4.1 The adhesive compound shall be measured by the [   pound (kg)   ] [   gallon (l)   ] of adhesive as specified, in place, complete and accepted. When required in the installation of an in-runway lighting system or portion thereof, no measurement will be made for direct payment of adhesive, as the cost of furnishing and installing shall be considered as a subsidiary obligation in the completion of the installation.
BASIS OF PAYMENT
606-5.1 Payment shall be made, where applicable, at the contract unit price per [   pound (kg)   ] [   gallon (l)   ] for the adhesive. This price shall be full compensation for furnishing all materials, and for all preparation, delivering, and application of these materials, and for all labor, equipment, tools, and incidentals necessary to complete the item.
Item P-606-5.1	Adhesive Compound - per [   pound (kg)   ] [   gallon (l)   ]
TESTING REQUIREMENTS
ASTM C192	Standard Practice for Making and Curing Concrete Test Specimens in the Laboratory
ASTM D149	Standard Test Method for Dielectric Breakdown Voltage and Dielectric Strength of Solid Electrical Insulating Materials at Commercial Power Frequencies
ASTM D638	Standard Test Method for Tensile Properties of Plastics
ASTM D1168	Standard Test Method for Hydrocarbon Waxes Used for Electrical Insulation
ASTM D5329	Standard Test Methods for Sealants and Fillers, Hot-applied, for Joints and Cracks in Asphaltic and Portland Cement Concrete Pavements
END OF ITEM P-606
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[bookmark: _Toc393451397][bookmark: _Ref301943451][bookmark: _Toc306359502]Item P-608 Emulsified Asphalt Seal Coat
DESCRIPTION 1
************************************************************************************
This specification covers the requirements for emulsified asphalt surface treatments (not coal tars products) for taxiways and runways with the application of a suitable aggregate to maintain adequate surface friction; airfield secondary and tertiary pavements including low-speed taxiways, shoulders, overruns, roads, parking areas, and other general applications with or without aggregate applied.
The emulsified asphalt seal coat and sealer binder may be applied to new asphalt pavement and pavements in fair or better condition as defined in ASTM D5340 or advisory circular (AC) 150/5320-17, Airfield Pavement Surface Evaluation and Rating (PASER) Manuals.
An emulsified asphalt seal coat and sealer binder without aggregate, more commonly called a “fog seal,” can be considered for use on pavements with low to moderate weathered surfaces as defined by ASTM D5340. 
************************************************************************************
608-1.1 This item shall consist of the application of a emulsified asphalt surface treatment composed of an emulsion of natural and refined asphalt materials, water and, if specified, a polymer additive, for taxiways and runways with the application of a suitable aggregate to maintain adequate surface friction; and airfield secondary and tertiary pavements including low-speed taxiways, shoulders, overruns, roads, parking areas, and other general applications with or without aggregate applied. Emulsified Asphalt Seal Coat products assist in pavement preservation through reducing the rate of pavement oxidation. The emulsified asphalt surface treatment shall be applied in accordance with these specifications, and as shown on the plans or as directed by the Engineer.
************************************************************************************
The performance of a seal coat/sealer binder product is contingent on the pavement condition at the time of application.  The pavement condition survey provides a measure of the pavement condition by analyzing the type, amount, and severity of the distresses, and by determining the pavement condition index (PCI) in accordance with AC 150/5380-7, Airport Pavement Management Program (PMP), and ASTM D5340.  A typical asphalt pavement candidate is one with a structural condition index (SCI) deduct value of less than 10 and a PCI equal to or greater than 60.
************************************************************************************
1	The terms seal coat and sealer binder and asphalt material are interchangeable throughout this specification.  The term emulsified asphalt means an emulsion of natural and refined asphalt materials.
608-1.2 Quantities of materials per square yard (square meter).  The approximate amounts of materials per square yard (square meter) for the asphalt surface treatment shall be as provided in the table for the treatment area(s) at the specified dilution rate(s) as noted on the plans.  The actual application rates will vary within the range specified to suit field conditions and will be recommended by the manufacturer’s representative and approved by the Engineer from the test area/sections evaluation.
Application Rate
	Dilution Rate
	Quantity of Emulsion
gal/yd2 (l/m2)
	Quantity of Aggregate lb/yd2 (kg/m2)

	1:1
	0.10-0.15
(0.45-0.68)
	0.20-0.50
(0.11-0.27)

	2:1
	0.08-0.15
(0.36-0.54)
	0.20-0.50
(0.11-0.27)


************************************************************************************
The quantities of material shown in the table above cover an average range of conditions.  The quantity of sand, the dilution rate of the emulsified asphalt and its rate of spread should take into consideration local conditions and experience.  The Engineer should select the dilution rate(s) reflecting the local condition of the pavement such as surface texture, porosity, and age of the asphalt pavement to be sealed.
A dilution rate of one (1) part emulsified asphalt to one (1) part water is recommended for most applications.  A dilution rate of two (2) parts emulsified asphalt to one (1) part water is recommended for grooved, rough or course surfaces, or where the pavement is highly oxidized or badly cracked.
Application rates can vary from 0.08 to 0.15 gallons per square yard (0.36 to 0.68 l/m2).  For a 1:1 dilution, 0.10 to 0.15 gallons per square yard (0.45 to 0.68 k/m2) is recommended.  For a 2:1 dilution, 0.08 to 0.15 gallons per square yard (0.36 to 0.68 l/m2) is recommended.  Exceeding recommended application rates is not advisable without consulting a responsible manufacturer’s representative.
************************************************************************************
MATERIALS
608-2.1 Aggregate.  The aggregate material shall be a dry, clean, dust and dirt free, sound, durable, angular shaped manufactured specialty sand, such as that used as an abrasive, with a Mohs hardness of 6 to 8.  The Contractor shall submit manufacturer’s technical data and a manufacturer’s certification indicating that the specialty sand meets the requirements of the specification to the Engineer prior to start of construction.  The sand must be approved for use by the Engineer and shall meet the following gradation limits when tested in accordance with ASTM C136 and ASTM C117: 
Aggregate Material Gradation Requirements
	Sieve Designation
(square openings)
	Percentage by Weight
Retained Sieves

	No. 8 (2.38 mm)
No. 16 (1.19 mm)
No. 20 (0.84 mm)
No. 30 (0.60 mm)
No. 40 (0.42 mm)
No. 50 (0.30 mm)
No. 70 (0.21 mm)
No. 100 (0.15 mm)
No. 200 (0.07 mm)
	0
0-8
0-28
20-50
10-55
0-30
0-5
0-2
0-2


The Contractor shall provide a certification showing particle size analysis and properties of the material delivered for use on the project.  The Contractor’s certification may be subject to verification by testing the material delivered for use on the project. 
************************************************************************************
Locally available sand or abrasive material may be available that is slightly outside of the gradation requirements listed below. These may be submitted for review and approval by the Engineer. It is recommended to obtain concurrence for use by the seal coat manufacturer; and the Engineer and manufacturer’s field representative should verify acceptance during application of test sections indicated under paragraph 608-3.2.
The gradations in the table represent the limits in determining aggregate suitability for use in the emulsified asphalt surface treatment.  The sand gradation used, within the limits designated in the table, shall provide sufficient friction levels to meet or exceed the Maintenance Planning Friction Level in Table 3-2, “Friction Level Classification for Runway Pavement Surfaces” of AC 150/5320-12, Measurement, Construction, and Maintenance of Skid Resistant Airport Pavement Surfaces.
************************************************************************************
608-2.2 Asphalt material.  The Contractor shall furnish the vendor’s certified test reports for the emulsified asphalt, in its concentrated form, to the Engineer, showing that the material meets the following properties: 
Concentrated Asphalt Material Properties
	Properties
	Specification
	Limits

	Saybolt Furol Viscosity at 77°F (25°C)
	ASTM D244
	20 – 100 seconds

	Residue by Distillation or Evaporation
	ASTM D244
	57% minimum


	Sieve Test
	ASTM D244
	0.1% maximum

	24-hour Stability
	ASTM D244
	1% maximum

	5-day Settlement Test
	ASTM D244
	5.0% maximum

	Particle Charge 1
	ASTM D244
	Positive
6.5 maximum pH


1  pH may be used in lieu of the particle charge test which is sometimes inconclusive in slow setting, asphalt emulsions.

The asphalt material concentrate must be diluted with heated water prior to application.  The asphalt material, when diluted in the volumetric proportion of [   one part concentrated asphalt material to one part hot water   ] [   two parts concentrated asphalt material to one part hot water   ] shall have the following properties:
************************************************************************************
The Engineer should select the dilution rate(s) for the various treatment area(s) and note the dilution rate per area(s) on the plans.  See paragraph 608-1.2.
************************************************************************************
One-to-One Dilution Emulsion Properties
	Properties
	Specification
	Limits

	In Ready-to-Apply Form, one part concentrate to one part water, by volume

	Saybolt Furol Viscosity at 77°F (25°C)
	ASTM D244
	10 – 50 seconds

	Residue by Distillation or Evaporation
	ASTM D244
	28.5% minimum 


	Pumping Stability 1
	
	Pass


1 Pumping stability is tested by pumping one pint (475 ml) of seal coat diluted one (1) part concentrate to one (1) part water, at 77°F (25°C), through a 1/4-inch (6 mm) gear pump operating 1750 rpm for 10 minutes with no significant separation or coagulation.

Two-to-One Dilution Emulsion Properties
	Properties
	Specification
	Limits

	In Ready-to-Apply Form, two parts concentrate to one part water, byolume

	Saybolt Furol Viscosity at 77°F (25°C)
	ASTM D244
	10 – 50 seconds

	Residue by Distillation or Evaporation
	ASTM D244
	38% minimum 


	Pumping Stability 1
	
	Pass


1  Pumping stability is tested by pumping one pint (475 ml) of seal coat diluted one (1) part concentrate to one (1) part water, at 77°F (25°C), through a 1/4-inch (6 mm) gear pump operating 1750 rpm for 10 minutes with no significant separation or coagulation.

The asphalt material base residue shall contain not less than 20% gilsonite, or uintaite and shall not contain any tall oil pitch or coal tar material.  The material shall be compatible with asphaltic concrete, and have a 5-year minimum proven performance record at airports with similar climatic conditions.  Curing time, under recommended application conditions, shall not exceed eight (8) hours.
Emulsion Residue by Distillation or Evaporation Tests
	Properties
	Specification
	Limits

	Viscosity at 275°F (135°C)
	ASTM D4402
	1750 cts maximum

	Solubility in 1, 1, 1 trichloroethylene
	ASTM D2042
	97.5% minimum 

	Penetration
	ASTM D5
	50 dmm maximum

	Asphaltenes
	ASTM D2007
	15% minimum

	Saturates
	ASTM D2007
	15% maximum

	Polar Compounds
	ASTM D2007
	25% minimum

	Aromatics
	ASTM D2007
	15% minimum


The Contractor shall furnish vendor’s certified test reports showing that the material is the type, grade and quality specified for each load of asphalt material delivered to the project.  The certification shall also show the shipment number, refinery, consignee, destination, contract number and date of shipment.  The test reports and certification shall be delivered to the Engineer before permission is granted to use the material.  The furnishing of the vendor’s certified test report for the asphalt material shall not be interpreted as a basis for final acceptance.  The manufacturer’s material test report certification may be subject to verification by testing the material delivered for use on the project.
The asphalt material storage and handling temperature shall be between 50°F - 160°F (10°C - 70°C) and the material shall be protected from freezing, or whenever outside temperature drops below 40°F (4°C) for prolonged time periods.
608-2.3 Water.  Water used in making the emulsion shall be potable, free from harmful soluble salts and chemicals, and at least 100°F (38°C).
608-2.4 Polymer.  The polymer shall be a vinyl acrylic polymer approved for use by the asphalt material manufacturer.  The Contractor shall submit manufacturer’s technical data, the manufacturer’s certification indicating that the polymer meets the requirements of the specification, and the asphalt material manufacturer’s approval of its use to the Engineer.  The polymer must be approved for use by the Engineer and shall meet the following properties:
Polymer Properties
	Properties
	Limits

	Solids Content 

	54 to 57%,
Percent by Weight

	Weight
	8.9 to 9.8 pounds/gallon (1.07 to 1.17 kg/L) 

	pH
	4.0 to 6.0

	Particle Charge
	Nonionic/Anionic

	Mechanical Stability
	Excellent

	Film Forming Temperature, °C 
	+5°C, minimum

	Tg,°C
	22°C, maximum


************************************************************************************
If the Engineer determines that polymer is required, the Engineer shall verify that the vinyl acrylic polymer is approved for use by the asphalt material manufacturer.  Polymer will generally increase cost, but it also increases durability.  A lifecycle cost analysis may justify its use.
************************************************************************************
APPLICATION RATE
608-3.1 Material performance for runway and high-speed taxiway projects.  The Contractor shall submit to the Engineer friction tests, from previous airport projects which used the seal coat materials in a similar environment, in accordance with AC 150/5320-12, at 40 or 60 mph (65 or 95 km/h) wet, showing, as a minimum; friction value of pavement surface prior to sealant application; two values, tested between 24 and 96 hours after application, with a minimum of 24 hours between tests; and one value tested at no less than 180 days or greater than 360 days after the application. The results of the two tests between 24 and 96 hours shall indicate friction is increasing at a rate to obtain similar friction value of the pavement surface prior to application, and the long term test shall indicate no apparent adverse effect with time relative to friction values and existing pavement surface. The  Contractor shall submit to the Engineer a list of airports which meet the above requirements, as well as technical details on application rates, aggregate rates, and point of contact at these airports to confirm use and success of sealer with aggregate. Friction tests shall be submitted from no less than one of the airports on the list and each set of tests described above, must be from one project. 
Seal coat material submittal without required friction performance will not be approved. Friction tests performed on this project cannot be used as a substitute of this requirement.
608-3.2 Test areas and test sections.  A qualified manufacturer’s representative shall be present in the field to assist the Contractor in applying test areas and/or test sections to determine the appropriate application rate of both emulsion and sand to be approved by the Engineer.
*************************************************************************************
If the Engineer has experience and is knowledgeable with the material, procedures, and equipment described in the specification, for test areas described in 608-3.2.a. the varying application rates recommended by the qualified manufacturer’s representative can be provided from a site visit which the representative observe pavement condition within one month prior to application.
************************************************************************************
A test area and/or section shall be applied for each differing HMA pavement surface identified in the project.  The test area(s) and/or test section(s) shall be used to determine the material application rate(s) of both emulsion and sand prior to full production.  The same equipment and method of operation shall be utilized on the test area(s) and/or test section(s) as will be utilized on the remainder of the work.
a. For taxiway, taxilane and apron surfaces.  Prior to full application, the Contractor shall place test areas at varying application rates as advised by the manufacturer’s representative and acceptable to the Engineer to determine appropriate application rate(s).  The test areas will be located on representative section(s) of the pavement to receive the asphalt surface treatment designated by the Engineer.
b. For runway and high speed exit taxiway surfaces.  Prior to full application, the Contractor shall place a series of test sections a minimum of 300 feet (90 m) long by 12 feet (3.6 m) wide, or width of anticipated application, whichever is greater, at varying application rates as recommended by the manufacturer’s representative and acceptable to the Engineer to determine appropriate application rate(s).  The area to be tested will be located on a representative section of the pavement to receive the asphalt surface treatment designated by the Engineer.  Before beginning the test section(s), the skid resistance of the existing pavement shall be determined for each test section with a continuous friction measuring equipment (CFME).  The skid resistance test after application shall be at approximately the same location as the test done on the existing pavement. The Contractor may begin testing the skid resistance of runway and high speed exit taxiway test sections after application of the asphalt surface treatment has fully cured.  Aircraft shall not be permitted on the runway or high speed exit taxiway test sections for a minimum of 24 hours and until such time as the Contractor validates that its surface friction meets AC 150/5320-12.  The results of the friction evaluation meet or exceed the Maintenance Planning levels provided in Table 3-2, “Friction Level Classification for Runway Pavement Surfaces,” in AC 150/5320-12, Measurement, Construction, and Maintenance of Skid-resistant Airport Pavement Surfaces, when tested at speeds of 40 and 60 mph (65 and 95 km/h) wet with approved CFME. 
If the test section should prove to be unsatisfactory, necessary adjustments to the application rate, placement operations, and equipment shall be made.  Additional test sections shall be placed and additional skid resistance tests performed and evaluated.  Full production shall not begin without the Engineer’s approval of an appropriate application rate(s).  Acceptable test sections shall be paid for in accordance with paragraph 608-8.1.
************************************************************************************
For projects calling for application of the asphalt surface treatment on runway and high speed exit taxiway, the Engineer shall document skid resistance in accordance with AC 150/5320-12, Measurement, Construction, and Maintenance of Skid-Resistant Airport Pavement Surfaces, prior to full application.
The test areas/sections afford the Contractor and the Engineer an opportunity to determine the quality of the mixture in place as well as the performance of the equipment.
If operational conditions preclude placement of a test section on the pavement to be seal coated, it may be applied on a pavement with similar surface texture.
************************************************************************************
CONSTRUCTION METHODS
608-4.1 Worker safety. The seal coat product shall be handled with caution. The Contractor shall obtain a Material Safety Data Sheet (MSDS) for both the asphalt emulsion product and sand and require workmen to follow the manufacturer’s recommended safety precautions.
608-4.2 Weather limitations. The asphalt emulsion shall be applied only when the existing pavement surface is dry and when the weather is not foggy, rainy, or when the wind velocity will prevent the uniform application of the material.  No material shall be applied when dust or sand is blowing or when rain is anticipated within eight (8) hours of application completion. The atmospheric temperature and the pavement surface temperature shall both be above 60°F (16°C) and rising. During application, account for wind drift.  Cover existing buildings, structures, runway edge lights, taxiway edge lights, informational signs, retro-reflective marking and in-pavement duct markers as necessary to protect against overspray before applying the emulsion.  Should emulsion get on any light or marker fixture, promptly clean the fixture.  If cleaning is not satisfactory to the Engineer, the Contractor shall replace any light, sign or marker with equivalent equipment at no cost to the Owner.
608-4.3 Equipment and tools.  The Contractor shall furnish all equipment, tools, and machinery necessary for the performance of the work.  
a. Pressure distributor.  The emulsion shall be applied with a manufacturer-approved computer rate-controlled asphalt distributor. The equipment shall be in good working order and contain no contaminants or diluents in the tank.  Spreader bar tips must be clean, free of burrs, and of a size to maintain an even distribution of the emulsion.  Any type of tip or pressure source is suitable that will maintain predetermined flow rates and constant pressure during the application process with application speeds under eight (8) miles per hour (13 km per hour) or seven (700) feet per minute (213 m per minute).  Test the equipment under pressure for leaks and to ensure it is in good working order before use.
The distributor truck shall be equipped with a 12-foot (3.7-m), minimum, spreader bar with individual nozzle control.  The distributor truck shall be capable of specific application rates in the range of 0.05 to 0.25 gallons per square yard (0.15 to 0.80 liters per square meter).  These rates shall be computer-controlled rather than mechanical.  The distributor truck shall have an easily accessible thermometer that constantly monitors the temperature of the emulsion, and have an operable mechanical tank gauge that can be used to cross-check the computer accuracy.
A distributor truck shall be provided, if necessary, equipped to effectively heat and mix the material to the required temperature prior to application.  Heating and mixing shall be done in accordance with the manufacturer’s recommendations.  Care shall be taken not to overheat or over mix the material. 
The distributor shall be equipped to hand spray the emulsion in areas identified either on the plans or by the Engineer.
b. Aggregate spreader.  The asphalt distributor truck will be equipped with an aggregate spreader mounted to the distributer truck that can apply sand to the emulsion in a single pass operation without driving through wet emulsion.  The aggregate spreader shall be equipped with a variable control system capable of uniformly distributing the sand at the specified rate at varying application widths and speeds.  The sander shall have a minimum hopper capacity of at least 3,000 pounds (1361 kg) of sand.  Push-type hand sanders will be allowed for use around lights, signs and other obstructions.
c. Power broom/blower.  A power broom and/or blower shall be provided for removing loose material from the surface to be treated.
d. Equipment calibration.  The Contractor shall calibrate the equipment using either of the following procedures:
(1) First procedure. The Contractor shall furnish a State Calibration Certification for the emulsified asphalt distributor, from any state providing that service, or other acceptable agency certification approved by the Engineer, and the calibration date shall have been within six (6) months of the contract award, or up to 12 months if supporting documents substantiate continuous work using the same distributor.
(2) Second procedure. The Contractor shall furnish all equipment, materials and labor necessary to calibrate the emulsified asphalt distributor and the aggregate spreader. Perform all calibrations with the approved job materials and prior to applying the specified coatings to the prepared surface. Perform calibration of the emulsified asphalt distributor in accordance with ASTM D2995. Perform work to calibrate the tank and measuring devices of the distributor. Perform inspection and calibration at the beginning of the work and at least once a day during construction.
608-4.4 Preparation of asphalt pavement surfaces. Clean pavement surface immediately prior to placing the seal coat by sweeping, flushing well with water leaving no standing water, or a combination of both, so that it is free of dust, dirt, grease, vegetation, oil or any type of objectionable surface film.  Remove oil or grease that has not penetrated the asphalt pavement by scraping or by scrubbing with a detergent, then wash thoroughly with clean water. After cleaning, treat these areas with the oil spot primer.  Any additional surface preparation, such as crack repair, shall be in accordance with paragraph 101-3.6.
a. New asphalt pavement surfaces. Allow new asphalt pavement surfaces to cure so that there is no concentration of oils on the surface.  A period of at least 30 days at 70°F (21°C) daytime temperatures shall elapse between the placement of a hot mixed asphalt concrete surface course and the application of the surface treatment.
Perform a water-break-free test to confirm that the surface oils have degraded and dissipated. (Cast approximately one gallon (4 liters) of clean water out over the surface. The water should sheet out and wet the surface uniformly without crawling or showing oil rings.) If signs of crawling or oil rings are apparent on the pavement surface, additional time must be allowed for additional curing and retesting of the pavement surface prior to treatment.
608-4.5 Emulsion mixing.  The application emulsion shall be obtained by blending asphalt material concentrate, water and polymer, if specified.  Always add heated water to the asphalt material concentrate, never add asphalt material concentrate to heated water.  Mix one part heated water to [   one part   ] [   two parts   ] asphalt material concentrate, by volume.
If polymer is required, add 1% polymer, by volume, to the emulsion mix.  If the polymer is added to the emulsion mix at the plant, submit weigh scale tickets to the Engineer.  As an option, the polymer may be added to the emulsion mix at the job site provided the polymer is added slowly while the circulating pump is running.  The mix must be agitated for a minimum of 15 minutes or until the polymer is mixed to the satisfaction of the Engineer.
608-4.6 Application of asphalt emulsion.  The asphalt emulsion shall be applied using a pressure distributor upon the properly prepared, clean and dry surface at the application rate recommended by the manufacturer’s representative and approved by the Engineer from the test area/sections evaluation for each designated treatment area.  The asphalt emulsion should be applied at a temperature between 130°F (54°C) and 160°F (70°C) or in accordance with the manufacturer’s recommendation.  
Pavement surfaces which have excessive runoff of seal coat due to excessive amount of material being applied or excessive surface grade shall be treated in two or more applications to the specified application rate at no additional cost to the Owner. Each additional application shall be performed after the prior application of material has penetrated into the pavement.
If low spots and depressions greater than 1/2 inch (12 mm) in depth in the pavement surface cause ponding or puddling of the applied materials, the pavement surface shall be broomed with a broom drag. Brooming shall continue until the pavement surface is free of any pools of excess material. Ponding and/or puddling shall not cause excessive pavement softening and/or additional distress.  The Engineer shall inspect and approve areas after brooming.
During all applications, the surfaces of adjacent structures shall be protected to prevent their being spattered or marred.  Asphalt materials shall not be discharged into borrow pits or gutters or on the airport area.
608-4.7 Application of aggregate material.  Immediately following the application of the asphalt emulsion or as directed by the Engineer, sand at the rate recommended by the manufacturer’s representative and approved by the Engineer from the test area/sections evaluation for each designated application area, shall be spread uniformly over the asphalt emulsion.  The aggregate shall be spread to the same width of application as the asphalt material and shall not be applied in such thickness as to cause blanketing.
Sprinkling of additional aggregate material, and spraying additional asphalt material over areas that show up having insufficient cover or bitumen, shall be done by hand whenever necessary.  In areas where hand work is necessitated, the sand shall be applied before the sealant begins to break.
Sanding shall be performed to prevent excessive amounts of sand from accumulating on the pavement prior to the emulsion being applied.  The Contractor shall clean areas with excess or loose sand and dispose of off airport property.
QUALITY CONTROL
608-5.1 Manufacturer’s representation.  The manufacturer’s representative shall have knowledge of the material, procedures, and equipment described in the specification and shall be responsible for determining the application rates and shall oversee the preparation and application of the seal coat product.  Documentation of the manufacturer representative’s experience and knowledge for applying the seal coat product shall be furnished to the Engineer a minimum of 10 work days prior to placement of the test sections. The cost of the manufacturer’s representative shall be included in the bid price.
608-5.2 Contractor qualifications.  The Contractor shall provide the Engineer Contractor qualifications for applicators, personnel and equipment.  The Contractor shall also provide documentation that the Contractor is qualified to apply the seal coat and to have made at least three (3) applications similar to this project in the past two (2) years. 
MATERIAL ACCEPTANCE
608-6.1 Friction tests.  Friction tests in accordance with AC 150/5320-12, Measurement, Construction, and Maintenance of Skid-Resistant Airport Pavement Surfaces, shall be accomplished on all runway and high-speed taxiways that have received a seal coat.  The Contractor shall coordinate testing with the Engineer. Each test includes performing friction tests at 40 mph and 60 mph (65 or 95 km/h) both wet, 15 feet (4.5 m) to each side of runway centerline. Friction test shall be run within 30 days prior to application of the seal coat to runway and/or high-speed taxiways and after application of the seal coat. The Engineer shall be present for testing. The Contractor shall provide a written report of friction test results.
METHOD OF MEASUREMENT
608-7.1 Asphalt surface treatment. The quantity of asphalt surface treatment shall be measured by the square yards [   square meters   ] of material applied in accordance with the plans and specifications and accepted by the Engineer.
The Contractor must furnish the Engineer with the certified weigh bills when materials are received for the asphalt material used under this contract.  The Contractor must not remove material from the tank car or storage tank until initial amounts and temperature measurements have been verified.
BASIS OF PAYMENT
608-8.1 Payment shall be made at the contract unit price per square yard [   square meter   ] for the asphalt surface treatment applied and accepted by the Engineer, and the contract unit price per lump sum for runway friction testing.  This price shall be full compensation for all surface preparation, furnishing all materials, delivery and application of these materials, for all labor, equipment, tools, and incidentals necessary to complete the item, including the friction testing and all work required to meet AC 150/5320-12, and any costs associated with furnishing a qualified manufacturer’s representative to assist with test strips.  
Payment will be made under:
************************************************************************************
The Engineer may need to add additional Pay Items for multiple treatment areas and dilution rates shown on the plans per paragraph 608-1.2. 
************************************************************************************
Item P-608-8.1	Asphalt Surface Treatment – per square yard [   square meter   ]
Item P-608-8.2	Runway and High Speed Exit Taxiway Friction Testing – per lump sum
MATERIAL REQUIREMENTS
ASTM C117	Standard Test Method for Materials Finer than 75-μm (No. 200) Sieve in Mineral Aggregates by Washing
ASTM C136	Standard Test Method for Sieve Analysis of Fine and Coarse Aggregates
ASTM D5	Standard Test Method for Penetration of Bituminous Materials
ASTM D244	Standard Test Methods and Practices for Emulsified Asphalts
ASTM D2007	Standard Test Method for Characteristic Groups in Rubber Extender and Processing Oils and Other Petroleum-Derived Oils by the Clay-Gel Absorption Chromatographic Method
ASTM D2042	Standard Test Method for Solubility of Asphalt Materials in Trichloroethylene
ASTM D2995	Standard Practice for Estimating Application Rate of Bituminous Distributors
ASTM D4402	Standard Test Method for Viscosity Determination of Asphalt at Elevated Temperatures Using a Rotational Viscometer
ASTM D5340	Standard Test Method for Airport Pavement Condition Index Surveys
AC 150/5320-12	Measurement, Construction, and Maintenance of Skid-Resistant Airport Pavement Surfaces
AC 150/5320-17	Airfield Pavement Surface Evaluation and Rating (PASER) Manuals
AC 150/5380-6	Guidelines and Procedures for Maintenance of Airport Pavements
END OF ITEM P-608
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[bookmark: _Toc393451398]Item P-609 Bituminous Surface Treatments
DESCRIPTION
************************************************************************************
This method of treatment may leave excessive amounts of loose aggregate on the surface of the pavement and therefore is only recommended for use on pavements other than airfield pavements.  This type of surface sealant for use on general aviation airports serving small airplanes 12,500 lbs (5670 kg) or less will require the submission of a modification to standards. Bituminuous surface treatments may be used on airfield tertiary pavements including overruns, roads, and other general applications which are not subject to routine turbo-prop and jet engine aircraft. 
************************************************************************************
609-1.1 This item shall consist of a bituminous surface treatment (chip seal/single surface treatment and multiple surface treatment) as a wearing course composed of [   a single application   ] [   multiple applications   ] of asphalt material and aggregate cover placed on the prepared primed base or properly cured wearing surface, in accordance with these specifications, and shall conform to the dimensions and typical cross-section shown on the plans or as directed by the Engineer.  
609-1.2 Quantities of materials per square yard (square meter). The approximate amounts of materials per square yard (square meter) for the bituminous surface treatment shall be as provided in the table below for the treatment specified on the plans or in the special provision. The exact amounts to be used shall be determined by the Engineer.
[bookmark: _Toc300303591]Quantities Of Materials
	Application No.
	Quantity of Aggregate lb/square yard (kg/sq m)
	Quantity of Asphalt
gal/square yard (l/sq m)
	Type of Asphalt1

	1
	40-50
(21.7-27.1)
	0.35-0.45
(1.58-2.03)
	Asphalt cement

	
	
	0.40-0.50
(1.81-2.26)
	Emulsified asphalt

	2
	20-25
(10.9-13.6)
	0.15-0.25
(0.68-1.13)
	Asphalt cement

	
	
	0.20-0.35
(0.90-1.58)
	Emulsified asphalt

	3
	15-20
(8.1-10.9)
	0.15-0.20
(0.68-0.90)
	Emulsified asphalt


1 See paragraph 609-2.2 for grades of asphalt and spraying temperatures.
************************************************************************************
The quantities of asphalt shown in the table cover the average range of conditions that include primed granular bases and old pavement surfaces. The quantities and types of materials should take into consideration local conditions and experience.
The lower application rates shown in the table should be used for aggregate having gradations on the fine side of the specified limits. The higher application rates should be used for aggregate having gradations on the coarse side of the specified limits.
The asphalt content selected should reflect the condition of the pavement. If the pavement is highly oxidized, badly cracked, or coarse more asphalt should be used.
************************************************************************************
MATERIALS
609-2.1 Aggregate materials. Coarse aggregate shall consist of sound, tough, durable particles, free from films of matter that would prevent thorough coating and bonding with the bituminous material and free from organic matter and other deleterious substances. The percentage of wear shall not be greater than 40% when tested in accordance with ASTM C131. The sodium sulfate soundness loss shall not exceed 12%, or the magnesium sulfate soundness loss shall not exceed 18%, after five cycles, when tested in accordance with ASTM C88.  Clay lumps and friable particles shall not exceed 1.0% when tested in accordance with ASTM C142.
Aggregate shall contain at least 90% by weight of individual pieces having two or more fractured faces. The area of each face shall be equal to at least 75% of the smallest mid-sectional area of the piece. When two fractured faces are contiguous, the angle between the planes of fractures shall be at least 30 degrees to count as two fractured faces. Fractured faces shall be achieved by crushing.
The aggregate shall not contain more than a total of 8%, by weight, of flat particles, elongated particles, and flat and elongated particles, when tested in accordance with ASTM D4791 with a value of 3:1.
Slag shall be air-cooled, blast furnace slag, and shall have a compacted weight of not less than 70 pounds per cubic foot (1.12 mg/cubic meter) when tested in accordance with ASTM C29.
The crushed aggregate for the applications shall meet the requirements for gradation given in the table below when tested in accordance with ASTM C136.
[bookmark: _Toc300303592]Requirements For Gradation Of Aggregate
	Sieve Designation
(square openings)
	Percentage by Weight
Passing Sieves

	
	Aggregate No. 1
	Aggregate No. 2
	Aggregate No. 3

	1 inch (25 mm)
3/4 inch (19 mm)
1/2 inch (12 mm)
3/8 inch (9 mm)
No. 4 (4.75 mm)
No. 8 (2.36 mm)
No. 16 (1.18 mm)
	100
90-100
20-55
0-15
0-5
	
100
90-100
40-70
0-15
0-5
	

100
85-100
10-30
0-10
0-5


The gradations in the table represent the limits that shall determine suitability of aggregate for use for the specified applications from the sources of supply. The final gradations decided on, within the limits designated in the table, shall be uniformly graded from coarse to fine.
The aggregate shall show no evidence of stripping or swell when tested in accordance with American Association of State Highway and Transportation Officials (AASHTO) T182. The use of anti-strip agents for the control of stripping shall be used if necessary.
609-2.2 Asphalt material. The types, grades, controlling specifications, and application temperatures for the bituminous materials are shown in the table below. The Engineer shall designate the specific material to be used.
[bookmark: _Toc300303593]Asphalt Materials
	Type and Grade
	Specification
	Spraying Temperature1

	
	
	Degrees F
	Degrees C

	Asphalt Cement

	AC 2.5, AC-5 
	ASTM D3381
	275+
	135+

	AR-1000, 2000
	ASTM D3381
	280+
	140+

	120-150, 200-300
	ASTM D946
	270+
	130+

	Emulsified Asphalt

	RS-1
	ASTM D977
	70-140
	20-60

	RS-2
	ASTM D977
	125-175
	50-80

	MS-1, HFMS-1
	ASTM D977
	70-160
	20-70

	CRS-1
	ASTM D2397
	125-175
	50-80

	 CRS-2
	ASTM D2397
	125-175
	50-80


1 The maximum temperature for asphalt cements shall be below that at which fogging occurs.

609-2.3 Sampling and Testing. Sampling and testing is the responsibility of the Contractor. Sampling and testing shall be performed by an approved commercial testing laboratory, or by the Contractor, subject to approval by the Engineer. Sampling shall be in accordance with ASTM D75 for aggregates and ASTM D140 for asphalt material, unless otherwise directed. Perform aggregate gradation tests on each sample in accordance with ASTM C136. Perform all other aggregate tests on the initial source samples and repeat tests when there is a change of source. Perform sieve analyses daily from material samples. The tests shall include an analysis of each gradation of material. Perform tests in sufficient number to ensure that materials meet specified requirements. Submit copies of test results, within 24 hours after completion of each test.
CONSTRUCTION METHODS
609-3.1 Weather limitations. Asphalt material shall be applied only when the existing surface or base course is dry or contains moisture not in excess of the amount that will permit uniform distribution and the desired adhesion.  Bituminous surface treatment shall not be applied when either the atmospheric temperature, in the shade, is below 60°F (16°C) or the pavement surface to be treated is below 70°F (21°C) unless otherwise directed by the Engineer. No material shall be applied when rain is imminent or when dust or sand is blowing.
609-3.2 Operation of pits and quarries. The aggregate material shall be obtained from sources approved by the Engineer. The Contractor shall make all necessary arrangements for obtaining the material, and all work involved in clearing and stripping pits or quarries and handling unsuitable material shall be performed by the Contractor at his/her own expense. The material in the pits shall be handled so that a uniform and satisfactory product shall be secured. Unless otherwise directed, pits shall be adequately drained and shall be left in a neat and presentable condition with all slopes dressed uniformly. Quarries shall be left as neat and presentable as practicable.
609-3.3 Equipment and tools. The Contractor shall furnish all equipment, tools, and machines necessary for the performance of the work.
a. Asphalt distributors. The distributors shall have pneumatic tires of such width and number that the load produced on the base and surface does not exceed 65.0 pounds per inch (4.5 kg per sq cm) of tire width. Distributors shall be designed and equipped to distribute asphalt material uniformly at even heat on various widths of surface at readily determined and controlled rates ranging from 0.05 to 2.00 gallons/square yard (0.20 to 9.1 L/square meter), with a pressure range of 25 to 75 psi (172 to 517 kPa). The allowable variation from any specified rate shall not exceed 5%. Distributor equipment shall include a separate power unit for the bitumen pump, full-circulation spray bars, tachometer, pressure gauges, volume-measuring devices, a thermometer for reading the temperature of tank contents, and a hose attachment suitable for applying asphalt material to areas not accessible with distributor spray bar. The distributor shall be equipped for circulation and agitation of asphalt material during the heating process.
b. Aggregate spreader. The aggregate spreader shall be a self-propelled mechanical spreader or truck-attached mechanical spreader capable of uniformly distributing aggregate at the specified rates.
c. Power Rollers. Power rollers shall be steel-wheeled or pneumatic-tired type, conforming to the following requirements:
(1) Steel-wheeled rollers shall have at least one steel drum and weigh a minimum of 5 tons (4 metric tons). Steel wheels of the rollers shall be equipped with adjustable scrapers. 
(2) Pneumatic-tired rollers shall be self-propelled and have wheels mounted on two axles in such manner that the rear tires will not follow in the tracks of the forward group. Tires shall be uniformly inflated to not less than 60 psi (414 kPa) nor more than 80 psi (552 kPa) pressure. The pneumatic-tired rollers shall be equipped with boxes or platforms for ballast loading and shall be loaded so that the tire print width of each wheel is not less than the clear distance between tire prints.
d. Power broom. A power broom and/or blower shall be provided for removing loose material from the surface to be treated.
609-3.4 Preparation of asphalt pavement surfaces. Clean pavement surface immediately prior to placing the seal coat by sweeping, flushing well with water leaving no standing water, or a combination of both, so that it is free of dust, dirt, grease, vegetation, oil or any type of objectionable surface film.  Remove oil or grease that has not penetrated the asphalt pavement by scraping or by scrubbing with a detergent, then wash thoroughly with clean water. After cleaning, treat these areas with the oil spot primer.  Any additional surface preparation, such as crack repair, shall be in accordance with paragraph 609-3.6.
609-3.5 Trial application.  [   A trial application is not required.   ] [   Preliminary to providing a complete surface treatment, treat [   three   ] [      ] lengths of at least 100 feet (30 m) each for the full width of the distributor bar. Use the appropriate typical application rates specified herein for one surface treatment trial. Make other surface treatment trials using various amounts of materials as may be deemed necessary. A qualified manufacturer’s representative shall be present in the field to assist the Contractor in applying test areas and/or test sections to determine the optimum application rate of both emulsion and sand.   ]
609-3.6 Application of asphalt material. Asphalt material shall be applied on the prepared surface at the rate and temperature specified using a pressure distributor to obtain uniform distribution over all surfaces treated. Unless the distributor is equipped to obtain a satisfactory result at the junction of previous and subsequent applications, building paper shall be spread on the surface for a sufficient distance back from the ends of each application so that flow through the sprays may be started and stopped on the paper in order that all sprays will operate at full force on the surface treated. Immediately after application, remove and destroy the building paper. Areas inaccessible to the distributor shall be properly treated with asphalt material using the hose attachment. Protect adjacent structures to prevent their being spattered or marred. To ensure proper drainage, the strips shall begin along the centerline of the pavement on a crowned section or on the high side of the pavement with a one-way slope. Asphalt materials shall not be discharged into borrow pits or gutters or upon the airport area.
609-3.7 Application of aggregate material. Immediately after the application of the asphalt material, the aggregates at the rate specified for each designated application shall be spread uniformly over the asphalt material. Trucks spreading aggregate shall be operated backward so that the asphalt material will be covered before the truck wheels pass over it. The aggregate shall be spread in the same width of application as the asphalt material and shall not be applied in such thickness as to cause blanketing. Spread aggregate evenly by hand on all areas missed by the mechanical spreader. When hand spreading is employed on inaccessible areas, spread aggregate directly from trucks. Additional aggregate shall be spread by hand over areas having insufficient cover, and spreading shall continue during these operations when necessary. Back-spotting or sprinkling of additional aggregate material, and pouring additional asphalt material over areas that show up having insufficient cover or bitumen, shall be done by hand whenever necessary. Additional spreading of aggregate material shall be done by means of a broom drag, a power broom, or other approved equipment as directed by the Engineer.
Immediately after spreading each application, the aggregate shall be rolled. The rolling shall be continued until no more aggregate material can be worked into the surface. In the construction of the second and third application, blading with the wire-broom moldboard attachment or broom dragging shall begin as soon as possible after the rolling has started and after the surface has set sufficiently to prevent excessive marking. Further blading and rolling on the strip being placed and on adjacent strips previously placed, shall be done as often as necessary to keep the aggregate material uniformly distributed. These operations shall be continued until the surface is evenly covered and cured to the satisfaction of the Engineer.
Succeeding applications shall not be applied until the preceding application has set and in no case until at least 24 hours have elapsed. Remove excess aggregate prior to the second application of asphalt material. If the treated surface is excessively moistened by rain, allow the surface to dry for such time as deemed necessary. If dust, dirt, or other foreign matter accumulates on the surface between the applications, the Contractor shall be required to sweep and clean the surface as specified. The asphalt material and the aggregate shall be spread on the clean and properly cured surface and handled as required. Extreme care shall be taken in all applications to avoid brooming or tracking dirt or any foreign matter on any portion of the pavement surface under construction.
All surplus aggregate from the final application shall be swept off the surface and removed prior to final acceptance of the work.
609-3.8 Correction of defects. Any defects, such as raveling, low centers, lack of uniformity, or other imperfections shall be corrected immediately to the satisfaction of the Engineer.
All defective materials resulting from over-heating, improper handling, or application shall be removed by the Contractor and replaced with approved materials per these specifications.
609-3.9 Asphalt material Contractor’s responsibility. The Contractor shall provide a statement of source and character of the proposed asphalt material which must be submitted to and approved by the Engineer before any shipment of asphalt materials to the project.
The Contractor shall furnish vendor’s certified test reports for each carload, or equivalent, of bitumen shipped to the project. The test reports shall be provided to and approved by the Engineer before the asphalt material is applied. If the asphalt material does not meet the specifications, it shall be replaced at the Contractor’s expense. The furnishing of the vendor’s certified test report for the asphalt material shall not be interpreted as a basis for final acceptance. 
609-3.10 Freight and weigh bills. The Contractor shall submit waybills and delivery tickets during progress of the work. Before the final statement is allowed, file with the Engineer certified waybills and certified delivery tickets for all asphalt materials used in the construction of the pavement covered by the contract. These submittals are required for Unit Pricing bid only. Do not remove asphalt material from storage until the initial outage and temperature measurements have been taken. The delivery or storage units will not be released until the final outage has been taken.
609-3.11 Protection.  Keep all traffic off surfaces freshly treated with asphalt material. Provide sufficient warning signs and barricades so that traffic will not travel over freshly treated surfaces. Protect the treated areas from traffic for at least 24 hours after final application of asphalt material and aggregate, or for such time as necessary to prevent picking up. Immediately prior to opening to traffic, roll the entire treated area with a self-propelled pneumatic-tired roller.
METHOD OF MEASUREMENT
609-4.1 The asphalt material shall be measured by the [   gallon (liter)   ] [   ton (kg)   ]. Volume shall be corrected to the volume at 60°F (16°C) in accordance with ASTM D1250 for cutback asphalt and Table IV-3 of The Asphalt Institute Manual MS-6 for emulsified asphalt. Water added to emulsified asphalt will not be measured for payment.
609-4.2 The quantity of aggregate materials for the first application shall be the number of tons (kg) of aggregate used for the accepted work.
609-4.3 The quantity of aggregate material for the second application shall be the number of tons (kg) of aggregate used for the accepted work.
609-4.4 The quantity of aggregate material for the third application to be paid for shall be the number of tons (kg) of aggregate used for the accepted work.
BASIS OF PAYMENT
609-5.1 Payment shall be made at the contract unit price per [   gallon   ] [   ton   ] for asphalt material for surface treatment and per ton for the first, second and third aggregate application. These prices shall be full compensation for furnishing all materials and for all preparation, hauling and application of the materials, and for all labor, equipment, tools, and incidentals necessary to complete the item.
Payment will be made under:
Item P-609-5.1	Asphalt Material - per [   gallon (liter)   ] [   ton (kg)   ]
Item P-609-5.2	First Application Aggregate - per ton (kg)
Item P-609-5.3	Second Application Aggregate - per ton (kg)
Item P-609-5.4	Third Application Aggregate - per ton (kg)
TESTING REQUIREMENTS
ASTM C29	Standard Test Method for Bulk Density (“Unit Weight”) and Voids in Aggregate
ASTM C88	Standard Test Method for Soundness of Aggregates by Use of Sodium Sulfate or Magnesium Sulfate
ASTM C131	Standard Test Method for Resistance to Degradation of Small-Size Coarse Aggregate by Abrasion and Impact in the Los Angeles Machine
ASTM C136	Standard Test Method for Sieve or Screen Analysis of Fine and Coarse Aggregates
ASTM C142	Standard Test Method for Clay Lumps and Friable Particles in Aggregates
ASTM D75	Standard Practice for Sampling Aggregates
ASTM D140	Standard Practice for Sampling Bituminous Materials
ASTM D4791	Standard Test Method for Flat Particles, Elongated Particles, or Flat and Elongated Particles in Coarse Aggregate
AASHTO T182	Standard Method of Test for Coating and Stripping of Bitumen-Aggregate Mixtures
MATERIAL REQUIREMENTS
ASTM D946	Standard Specification for Penetration-Graded Asphalt Cement for Use in Pavement Construction
ASTM D977	Standard Specification for Emulsified Asphalt
ASTM D1250	Standard Guide for Use of the Petroleum Measurement Tables
ASTM D2397	Standard Specification for Cationic Emulsified Asphalt
ASTM D3381	Standard Specification for Viscosity-Graded Asphalt-Cement for Use in Pavement Construction
Asphalt Institute Manual MS-6 Table IV-3
Asphalt Pocketbook of Useful Information (Temperature-Volume Corrections for Emulsified Asphalts)
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************************************************************************************
Use P-610 for all signage bases.  
************************************************************************************
DESCRIPTION
610-1.1 This item shall consist of [   plain   ] [   reinforced   ] structural portland cement concrete (PCC), prepared and constructed in accordance with these specifications, at the locations and of the form and dimensions shown on the plans.  This specification shall be used for all structural and miscellaneous concrete including signage bases.
MATERIALS
610-2.1 General. Only approved materials, conforming to the requirements of these specifications, shall be used in the work. Materials may be subject to inspection and tests at any time during their preparation or use. The source of all materials shall be approved by the Engineer before delivery or use in the work. Representative preliminary samples of the materials shall be submitted by the Contractor, when required, for examination and test. Materials shall be stored and handled to ensure preservation of their quality and fitness for use and shall be located to facilitate prompt inspection. All equipment for handling and transporting materials and concrete must be clean before any material or concrete is placed in them.
The use of pit-run aggregates shall not be permitted unless the pit-run aggregate has been screened and washed, and all fine and coarse aggregates stored separately and kept clean. The mixing of different aggregates from different sources in one storage stockpile or alternating batches of different aggregates shall not be permitted.
a. Reactivity. Fine and Coarse aggregates to be used in all concrete shall be evaluated and tested by the Contractor for alkali-aggregate reactivity in accordance with both ASTM C1260 and C1567.  Aggregate and mix proportion reactivity tests shall be performed for each project.  
(1) Coarse and fine aggregate shall be tested separately in accordance with ASTM C1260. The aggregate shall be considered innocuous if the expansion of test specimens, tested in accordance with ASTM C1260, does not exceed 0.10% at 28 days (30 days from casting).
(2) Combined coarse and fine aggregate shall be tested in accordance with ASTM C1567, modified for combined aggregates, using the proposed mixture design proportions of aggregates, cementitious materials, and/or specific reactivity reducing chemicals.  If lithium nitrate is proposed for use with or without supplementary cementitious materials, the aggregates shall be tested in accordance with Corps of Engineers (COE) CRD C662.  If lithium nitrate admixture is used, it shall be nominal 30% ±0.5% weight lithium nitrate in water. 
(3) If the expansion of the proposed combined materials test specimens, tested in accordance with ASTM C1567, modified for combined aggregates, or COE CRD C662, does not exceed 0.10% at 28 days, the proposed combined materials will be accepted. If the expansion of the proposed combined materials test specimens is greater than 0.10% at 28 days, the aggregates will not be accepted unless adjustments to the combined materials mixture can reduce the expansion to less than 0.10% at 28 days, or new aggregates shall be evaluated and tested.
610-2.2 Coarse aggregate. The coarse aggregate for concrete shall meet the requirements of ASTM C33. The Engineer may consider and reserve final approval of other State classification procedures addressing aggregate durability.
Coarse aggregate shall be well graded from coarse to fine and shall meet the following gradation shown in the table below when tested per ASTM C136.
Gradation For Coarse Aggregate
	Sieve Designation
(square openings)
	Percentage by Weight
Passing Sieves

	
	*

	No. 4 to 3/4 in. (4.75-19 mm)
	*

	No. 4 to 1 in. (4.75-25 mm)
	*

	No. 4 to 1-1/2 in. (4.75-38 mm)
	*


************************************************************************************
The Engineer shall specify one of the following gradations and insert in table above:
Gradation For Coarse Aggregate
	Sieve Designation
(square openings)
	Percentage by Weight
Passing Sieves

	
	2ʺ
(50 mm)
	1-1/2ʺ
(38 mm)
	1ʺ
(25 mm)
	3/4ʺ
(19 mm)
	1/2ʺ
(12 mm)
	3/8ʺ
(9 mm)
	No. 4

	No. 4 to 3/4 in. (4.75-19 mm)
	
	
	100
	90-100
	
	20-55
	0-10

	No. 4 to 1 in. (4.75-25 mm)
	
	100
	90-100
	
	25-60
	
	0-10

	No. 4 to 1-1/2 in. (4.75-38 mm)
	100
	95-100
	
	35-70
	
	10-30
	0-5



************************************************************************************
610-2.2.1 Aggregate susceptibility to durability (D) cracking. [   Aggregates that have a history of D-cracking shall not be used.   ]
[   Coarse aggregate may be accepted from sources that have a 20 year service history for the same gradation to be supplied with no durability issues.
a. Material currently being produced shall have a durability factor  95 using ASTM C666.  Coarse aggregates that are crushed granite, calcite cemented sandstone, quartzite, basalt, diabase, rhyolite or trap rock are considered to meet the D-cracking test but must meet all other quality tests.  Aggregates meeting State Highway Department material specifications may be acceptable with concurrence of the FAA. 
b. The Contractor shall submit a current certification that the aggregate does not have a history of D-cracking and that the aggregate meets the state specifications for use in PCC pavement for use on interstate highways. Certifications, tests and any history reports must be for the same gradation as being proposed for use on the project.  Certifications which are not dated or which are over one (1) year old or which are for different gradations will not be accepted.  Test results will only be accepted when tests were performed by a State Department of Transportation (DOT) materials laboratory or an accredited laboratory.   ]
************************************************************************************
Select the second option above if project is in an area of known D-cracking problems.
************************************************************************************
610-2.3 Fine aggregate. The fine aggregate for concrete shall meet the requirements of ASTM C33.
The fine aggregate shall be well graded from fine to coarse and shall meet the requirements of the table below when tested in accordance with ASTM C136:
[bookmark: _Toc300303595]Gradation For Fine Aggregate
	Sieve Designation
(square openings)
	Percentage by Weight
Passing Sieves

	3/8 inch (9 mm)
No. 4 (4.75 mm)
No. 16 (1.18 mm)
No. 30 (0.60 mm)
No. 50 (0.30 mm)
No. 100 (0.15 mm)
	100
95-100
45-80
25-55
10-30
2-10


Blending will be permitted, if necessary, to meet the gradation requirements for fine aggregate. Fine aggregate deficient in the percentage of material passing the No. 50 mesh sieve may be accepted, if the deficiency does not exceed 5% and is remedied by the addition of pozzolanic or cementitious materials other than Portland cement, as specified in paragraph 610-2.6, Admixtures, in sufficient quantity to produce the required workability as approved by the Engineer.
610-2.4 Cement. Cement shall conform to the requirements of [      ] Type [      ].
************************************************************************************
The Engineer shall specify one or more of the following ASTM Standards and Type:
ASTM C150 - Type I, IA, II, IIA, III, IIIA; or
ASTM C595 - Type IP, IP-A, IS, IS-A.
Other cements may be specified with concurrence of the FAA.
The chemical requirements for all cement types specified should meet suitable criteria for deleterious activity.  Low alkali cements (less than 0.6% equivalent alkalies, the low reactivity option in ASTM C595, or Option R in ASTM C1157) shall be specified when no other mitigating measures are added.
Total Alkalies (Na2O and K2O) of the cement secured for the production of concrete shall be independently verified in accordance with ASTM C114.
************************************************************************************
If aggregates are deemed innocuous when tested in accordance with paragraph 610-2.1.a.1 and accepted in accordance with paragraph 610-2.1.a.3, higher equivalent alkali content in the cement may be allowed if approved by the Engineer and FAA.  If cement becomes partially set or contains lumps of caked cement, it shall be rejected. Cement salvaged from discarded or used bags shall not be used.
The Contractor shall furnish vendors’ certified test reports for each carload, or equivalent, of cement shipped to the project. The report shall be delivered to the Engineer before use of the cement is granted. All test reports shall be subject to verification by testing sample materials received for use on the project.
610-2.5 Water. The water used in concrete shall be fresh, clean and potable; free from injurious amounts of oils, acids, alkalies, salts, organic materials or other substances deleterious to concrete.  
610-2.6 Admixtures and supplementary cementitious material. The Contractor shall submit certificates indicating that the material to be furnished meets all of the requirements indicated below. In addition, the Engineer may require the Contractor to submit complete test data from an approved laboratory showing that the material to be furnished meets all of the requirements of the cited specifications. Subsequent tests may be made of samples taken by the Engineer from the supply of the material being furnished or proposed for use on the work to determine whether the admixture is uniform in quality with that approved.
[     a. Air-entraining admixtures. Air-entraining admixtures shall meet the requirements of  ASTM C260 and shall consistently entrain the air content in the specified ranges under field conditions. The air-entrainment agent and any water reducer admixture shall be compatible.
b.  Water-reducing admixtures.  Water-reducing admixture shall meet the requirements of ASTM C494, Type A, B, or D. ASTM C494, Type F and G high range water reducing admixtures and ASTM C1017 flowable admixtures shall not be used.
c. Other chemical admixtures. The use of set retarding, and set-accelerating admixtures shall be approved by the Engineer.  Retarding shall meet the requirements of ASTM C494, Type A, B, or D and set-accelerating shall meet the requirements of ASTM C494, Type C.  Calcium chloride and admixtures containing calcium chloride shall not be used.  
d. Lithium nitrate.  The lithium admixture shall be a nominal 30% aqueous solution of Lithium Nitrate, with a density of 10 pounds/gallon (1.2 kg/L), and shall have the approximate chemical form as shown below:
Constituent		Limit (Percent by Mass)
LiNO3 (Lithium Nitrate)			30 ±0.5
SO4 (Sulfate Ion)			0.1 (max)
Cl (Chloride Ion)			0.2 (max)
Na (Sodium Ion)			0.1 (max)
K (Potassium Ion)			0.1 (max)
Provide a trained representative to supervise the lithium nitrate admixture dispensing and mixing operations.  
	e. Fly ash. Fly ash shall meet the requirements of ASTM C618, with the exception of loss of ignition, where the maximum shall be less than 6%. Fly ash for use in mitigating alkali-silica reactivity shall have a Calcium Oxide (CaO) content of less than 13%. ]
************************************************************************************
Delete admixture paragraphs which do not apply to the project.
************************************************************************************
610-2.7 Premolded joint material. Premolded joint material for expansion joints shall meet the requirements of ASTM [      ].
************************************************************************************
The Engineer shall designate either ASTM D1751 or ASTM D1752.
************************************************************************************
610-2.8 Joint filler. The filler for joints shall meet the requirements of Item P-605, unless otherwise specified.
610-2.9 Steel reinforcement. Reinforcing shall consist of [      ] conforming to the requirements of [      ].
************************************************************************************
The Engineer shall designate one of the following:
	Reinforcing Steel
	ASTM A615, ASTM A706, ASTM A775, ASTM A934

	Welded Steel Wire Fabric 
	ASTM A1064

	Welded Deformed Steel Fabric 
	ASTM A1064

	Bar Mars 
	ASTM A184 or ASTM A704


Delete this section when not applicable to the project.
************************************************************************************
610-2.10 Materials for curing concrete. Curing materials shall conform to [      ].
************************************************************************************
The Engineer shall select one or more of the following:
	Waterproof paper 
	ASTM C171

	Clear or white Polyethylene Sheeting 
	ASTM C171

	White-pigmented Liquid Membrane-Forming Compound, Type 2, Class B
	ASTM C309


************************************************************************************
CONSTRUCTION METHODS
610-3.1 General. The Contractor shall furnish all labor, materials, and services necessary for, and incidental to, the completion of all work as shown on the drawings and specified here. All machinery and equipment used by the Contractor on the work, shall be of sufficient size to meet the requirements of the work. All work shall be subject to the inspection and approval of the Engineer.
610-3.2 Concrete composition. The concrete shall develop a compressive strength of [      ] psi in 28 days as determined by test cylinders made in accordance with ASTM C31 and tested in accordance with ASTM C39. The concrete shall contain not less than 470 pounds of cement per cubic yard (280 kg per cubic meter). The concrete shall contain 5% of entrained air, ±1%, as determined by ASTM C231 and shall have a slump of not more than 4 inches (100 mm) as determined by ASTM C143.
************************************************************************************
The Engineer shall designate the compressive strength. The minimum allowable strength is 3,000 psi (2670 kg).
************************************************************************************
610-3.3 Acceptance sampling and testing. Concrete for each structure will be accepted on the basis of the compressive strength specified in paragraph 610-3.2. The concrete shall be sampled in accordance with ASTM C172. Concrete cylindrical compressive strength specimens shall be made in accordance with ASTM C31 and tested in accordance with ASTM C39.  The Contractor shall cure and store the test specimens under such conditions as directed by the Engineer. The Engineer will make the actual tests on the specimens at no expense to the Contractor.
************************************************************************************
Depending on the project size and number of structures per day, it may be necessary to determine a Lot size and test frequency for acceptance of concrete under Item P-610.
************************************************************************************
610-3.4 Qualifications for concrete testing service.  Perform concrete testing by an approved laboratory and inspection service experienced in sampling and testing concrete. Testing agency must meet the requirements of ASTM C1077 or ASTM E329.
610-3.5 Proportioning and measuring devices. When package cement is used, the quantity for each batch shall be equal to one or more whole sacks of cement. The aggregates shall be measured separately by weight. If aggregates are delivered to the mixer in batch trucks, the exact amount for each mixer charge shall be contained in each batch compartment. Weighing boxes or hoppers shall be approved by the Engineer and shall provide means of regulating the flow of aggregates into the batch box so the required, exact weight of aggregates is obtained.
610-3.6 Consistency. The consistency of the concrete shall be determined by the slump test specified in ASTM C143.
610-3.7 Mixing. Concrete may be mixed at the construction site, at a central point, or wholly or in part in truck mixers. The concrete shall be mixed and delivered in accordance with the requirements of ASTM C94.
610-3.8 Mixing conditions. The concrete shall be mixed only in quantities required for immediate use. Concrete shall not be mixed while the air temperature is below 40°F (4°C) without permission of the Engineer. If permission is granted for mixing under such conditions, aggregates or water, or both, shall be heated and the concrete shall be placed at a temperature not less than 50°F (10°C) nor more than 100°F (38°C). The Contractor shall be held responsible for any defective work, resulting from freezing or injury in any manner during placing and curing, and shall replace such work at his expense.
Retempering of concrete by adding water or any other material shall not be permitted.
The rate of delivery of concrete to the job shall be sufficient to allow uninterrupted placement of the concrete.  
610-3.9 Forms. Concrete shall not be placed until all the forms and reinforcements have been inspected and approved by the Engineer. Forms shall be of suitable material and shall be of the type, size, shape, quality, and strength to build the structure as shown on the plans. The forms shall be true to line and grade and shall be mortar-tight and sufficiently rigid to prevent displacement and sagging between supports. The surfaces of forms shall be smooth and free from irregularities, dents, sags, and holes. The Contractor shall be responsible for their adequacy.  
The internal form ties shall be arranged so no metal will show in the concrete surface or discolor the surface when exposed to weathering when the forms are removed. All forms shall be wetted with water or with a non-staining mineral oil, which shall be applied immediately before the concrete is placed. Forms shall be constructed so they can be removed without injuring the concrete or concrete surface. The forms shall not be removed until at least 30 hours after concrete placement for vertical faces, walls, slender columns, and similar structures. Forms supported by falsework under slabs, beams, girders, arches, and similar construction shall not be removed until tests indicate the concrete has developed at least 60% of the design strength.
610-3.10 Placing reinforcement. All reinforcement shall be accurately placed, as shown on the plans, and shall be firmly held in position during concrete placement. Bars shall be fastened together at intersections. The reinforcement shall be supported by approved metal chairs. Shop drawings, lists, and bending details shall be supplied by the Contractor when required.
610-3.11 Embedded items. Before placing concrete, all embedded items shall be firmly and securely fastened in place as indicated. All embedded items shall be clean and free from coating, rust, scale, oil, or any foreign matter. The concrete shall be spaded and consolidated around and against embedded items. The embedding of wood shall not be allowed.
610-3.12 Placing concrete. All concrete shall be placed during daylight hours, unless otherwise approved. The concrete shall not be placed until the depth and condition of foundations, the adequacy of forms and falsework, and the placing of the steel reinforcing have been approved by the Engineer. Concrete shall be placed as soon as practical after mixing, but in no case later than one (1) hour after water has been added to the mix. The method and manner of placing shall avoid segregation and displacement of the reinforcement. Troughs, pipes, and chutes shall be used as an aid in placing concrete when necessary. The concrete shall not be dropped from a height of more than 5 feet (1.5 m). Concrete shall be deposited as nearly as practical in its final position to avoid segregation due to rehandling or flowing. Do not subject concrete to procedures which cause segregation. Concrete shall be placed on clean, damp surfaces, free from running water, or on a properly consolidated soil foundation.
610-3.13 Vibration.  Vibration shall follow the guidelines in American Concrete Institute (ACI) Committee 309, Guide for Consolidation of Concrete. Where bars meeting ASTM A775 or A934 are used, the vibrators shall be equipped with rubber or non-metallic vibrator heads. Furnish a spare, working, vibrator on the job site whenever concrete is placed. Consolidate concrete slabs greater than 4 inches (100 mm) in depth with high frequency mechanical vibrating equipment supplemented by hand spading and tamping. Consolidate concrete slabs 4 inches (100 mm) or less in depth by wood tampers, spading, and settling with a heavy leveling straightedge. Operate internal vibrators with vibratory element submerged in the concrete, with a minimum frequency of not less than 6000 cycles per minute when submerged. Do not use vibrators to transport the concrete in the forms. Penetrate the previously placed lift with the vibrator when more than one lift is required. Use external vibrators on the exterior surface of the forms when internal vibrators do not provide adequate consolidation of the concrete. Vibrators shall be manipulated to work the concrete thoroughly around the reinforcement and embedded fixtures and into corners and angles of the forms. The vibration at any point shall be of sufficient duration to accomplish compaction but shall not be prolonged to where segregation occurs. Concrete deposited under water shall be carefully placed in a compact mass in its final position by means of a tremie or other approved method and shall not be disturbed after placement.
610-3.14 Construction joints. If the placement of concrete is suspended, necessary provisions shall be made for joining future work before the placed concrete takes its initial set. For the proper bonding of old and new concrete, provisions shall be made for grooves, steps, reinforcing bars or other devices as specified. The work shall be arranged so that a section begun on any day shall be finished during daylight of the same day. Before depositing new concrete on or against concrete that has hardened, the surface of the hardened concrete shall be cleaned by a heavy steel broom, roughened slightly, wetted, and covered with a neat coating of cement paste or grout.
610-3.15 Expansion joints. Expansion joints shall be constructed at such points and dimensions as indicated on the drawings. The premolded filler shall be cut to the same shape as the surfaces being joined. The filler shall be fixed firmly against the surface of the concrete already in place so that it will not be displaced when concrete is deposited against it.
610-3.16 Defective work. Any defective work discovered after the forms have been removed, which in the opinion of the Engineer cannot be repaired satisfactorily, shall be immediately removed and replaced at the expense of the Contractor. Defective work shall include deficient dimensions, or bulged, uneven, or honeycomb on the surface of the concrete.
610-3.17 Surface finish. All exposed concrete surfaces shall be true, smooth, and free from open or rough areas, depressions, or projections. All concrete horizontal plane surfaces shall be brought flush to the proper elevation with the finished top surface struck-off with a straightedge and floated. Mortar finishing shall not be permitted, nor shall dry cement or sand-cement mortar be spread over the concrete during the finishing of horizontal plane surfaces.
The surface finish of exposed concrete shall be a rubbed finish. If forms can be removed while the concrete is still green, the surface shall be wetted and then rubbed with a wooden float until all irregularities are removed. If the concrete has hardened before being rubbed, a carborundum stone shall be used to finish the surface. When approved, the finishing can be done with a finishing machine.
610-3.18 Curing and protection. All concrete shall be properly cured and protected by the Contractor. The concrete shall be protected from the weather, flowing water, and from defacement of any nature during the project. The concrete shall be cured by covering with an approved material as soon as it has sufficiently hardened. Water-absorptive coverings shall be thoroughly saturated when placed and kept saturated for at least three (3) days following concrete placement. All curing mats or blankets shall be sufficiently weighted or tied down to keep the concrete surface covered and to prevent the surface from being exposed to air currents. Wooden forms shall be kept wet at all times until removed to prevent opening of joints and drying out of the concrete. Traffic shall not be allowed on concrete surfaces for seven (7) days after the concrete has been placed.
610-3.19 Drains or ducts. Drainage pipes, conduits, and ducts that are to be encased in concrete shall be installed by the Contractor before the concrete is placed. The pipe shall be held rigidly so that it will not be displaced or moved during the placing of the concrete.
610-3.20 Cold weather placing. When concrete is placed at temperatures below 40°F (4°C), the Contractor shall provide satisfactory methods and means to protect the mix from injury by freezing. The aggregates, or water, or both, shall be heated to place the concrete at temperatures between 50°F and 100°F (10°C and 38°C).
Calcium chloride may be incorporated in the mixing water when directed by the Engineer. Not more than pounds (908 grams) of Type 1 nor more than 1.6 pounds (726 grams) of Type 2 shall be added per bag of cement. After the concrete has been placed, the Contractor shall provide sufficient protection such as cover, canvas, framework, heating apparatus, etc., to enclose and protect the structure and maintain the temperature of the mix at not less than 50°F (10°C) until at least 60% of the designed strength has been attained. 
************************************************************************************
Information regarding cold weather concreting practices may be found in ACI 306R, Cold Weather Concreting.
************************************************************************************
610-3.21 Hot weather placing.  Concrete shall be properly placed and finished with procedures previously submitted. The concrete-placing temperature shall not exceed [      ]°F ([      ]°C) when measured in accordance with ASTM C1064. Cooling of the mixing water and aggregates, or both, may be required to obtain an adequate placing temperature. A retarder meeting the requirements of paragraph 610-2.6 may be used to facilitate placing and finishing. Steel forms and reinforcement shall be cooled prior to concrete placement when steel temperatures are greater than 120°F (50°C). Conveying and placing equipment shall be cooled if necessary to maintain proper concrete-placing temperature. Submit the proposed materials and methods for review and approval by the Engineer, if concrete is to be placed under hot weather conditions.
************************************************************************************
Information regarding hot weather concreting practices may be found in ACI 305R, Hot Weather Concreting.
************************************************************************************
610-3.22 Filling joints. All joints that require filling shall be thoroughly cleaned, and any excess mortar or concrete shall be cut out with proper tools. Joint filling shall not start until after final curing and shall be done only when the concrete is completely dry. The cleaning and filling shall be done with proper equipment to obtain a neat looking joint free from excess filler.
METHOD OF MEASUREMENT
610-4.1 Portland cement concrete shall be measured by the number of cubic yards (cubic meters) of concrete complete in place and accepted. In computing the yardage of concrete for payment, the dimensions used shall be those shown on the plans or ordered by the Engineer. No measurements or other allowances shall be made for forms, falsework, cofferdams, pumping, bracing, expansion joints, or finishing of the concrete. No deductions in yardage shall be made for the volumes of reinforcing steel or embedded items.
610-4.2 Reinforcing steel shall be measured by the calculated theoretical number of pounds (kg) placed, as shown on the plans, complete in place and accepted. The unit weight used for deformed bars shall be the weight of plain square or round bars of equal nominal size. If so indicated on the plans, the poundage to be paid for shall include the weight of metal pipes and drains, metal conduits and ducts, or similar materials indicated and included.
BASIS OF PAYMENT
610-5.1 Payment shall be made at the contract unit price per cubic yard (cubic meter) for structural Portland cement concrete and per pound (kg) for reinforcing steel. These prices shall be full compensation for furnishing all materials and for all preparation, delivery and installation of these materials, and for all labor, equipment, tools, and incidentals necessary to complete the item.
Payment will be made under:
Item P-610-5.1	Structural Portland Cement Concrete, per cubic yard (cubic meter)
Item P-610-5.1	Steel Reinforcement, per pound (kg)
TESTING REQUIREMENTS
ASTM C31	Standard Practice for Making and Curing Concrete Test Specimens in the Field
ASTM C39	Standard Test Method for Compressive Strength of Cylindrical Concrete Specimens
ASTM C136	Standard Test Method for Sieve or Screen Analysis of Fine and Coarse Aggregates
ASTM C138	Standard Test Method for Density (Unit Weight), Yield, and Air Content (Gravimetric) of Concrete
ASTM C143	Standard Test Method for Slump of Hydraulic-Cement Concrete
ASTM C231	Standard Test Method for Air Content of Freshly Mixed Concrete by the Pressure Method
ASTM C666	Standard Test Method for Resistance of Concrete to Rapid Freezing and Thawing
ASTM C1017	Standard Specification for Chemical Admixtures for Use in Producing Flowing Concrete 
ASTM C1064	Standard Test Method for Temperature of Freshly Mixed Hydraulic-Cement Concrete
ASTM C1077	Standard Practice for Agencies Testing Concrete and Concrete Aggregates for Use in Construction and Criteria for Testing Agency Evaluation
ASTM C1260	Standard Test Method for Potential Alkali Reactivity of Aggregates (Mortar-Bar Method)
ASTM C1567	Standard Test Method for Determining the Potential Alkali-Silica Reactivity of Combinations of Cementitious Materials and Aggregates (Accelerated Mortar-Bar Method)
ASTM E329	Standard Specification for Agencies Engaged in Construction Inspection, Testing, or Special Inspection
U.S. Army Corps of Engineers (USACE) Concrete Research Division (CRD) C662
Determining the Potential Alkali-Silica Reactivity of Combinations of Cementitious Materials, Lithium Nitrate Admixture and Aggregate (Accelerated Mortar-Bar Method)
MATERIAL REQUIREMENTS
ASTM A184	Standard Specification for Welded Deformed Steel Bar Mats for Concrete Reinforcement
ASTM A185	Standard Specification for Steel Welded Wire Reinforcement, Plain, for Concrete
ASTM A615	Standard Specification for Deformed and Plain Carbon-Steel Bars for Concrete Reinforcement
ASTM A704	Standard Specification for Welded Steel Plain Bar or Rod Mats for Concrete Reinforcement
ASTM A706 	Standard Specification for Low-Alloy Steel Deformed and Plain Bars for Concrete Reinforcement
ASTM A775	Standard Specification for Epoxy-Coated Steel Reinforcing Bars
ASTM A934	Standard Specification for Epoxy-Coated Prefabricated Steel Reinforcing Bars
ASTM A1064	Standard Specification for Carbon-Steel Wire and Welded Wire Reinforcement, Plain and Deformed, for Concrete
ASTM C33	Standard Specification for Concrete Aggregates
ASTM C94	Standard Specification for Ready-Mixed Concrete
ASTM C150	Standard Specification for Portland Cement
ASTM C171	Standard Specification for Sheet Materials for Curing Concrete
ASTM C172	Standard Practice for Sampling Freshly Mixed Concrete
ASTM C260	Standard Specification for Air-Entraining Admixtures for Concrete
ASTM C309	Standard Specification for Liquid Membrane-Forming Compounds for Curing Concrete
ASTM C494	Standard Specification for Chemical Admixtures for Concrete
ASTM C595	Standard Specification for Blended Hydraulic Cements
ASTM C618	Standard Specification for Coal Fly Ash and Raw or Calcined Natural Pozzolan for Use in Concrete
ASTM D1751	Standard Specification for Preformed Expansion Joint Filler for Concrete Paving and Structural Construction (Nonextruding and Resilient Asphalt Types)
ASTM D1752	Standard Specification for Preformed Sponge Rubber Cork and Recycled PVC Expansion Joint Fillers for Concrete Paving and Structural Construction
ACI 305R	Hot Weather Concreting
ACI 306R	Cold Weather Concreting
ACI 309R	Guide for Consolidation of Concrete
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DESCRIPTION
620-1.1 This item shall consist of the preparation and painting of numbers, markings, and stripes on the surface of runways, taxiways, and aprons, in accordance with these specifications and at the locations shown on the plans, or as directed by the Engineer.  The terms “paint” and “marking material” as well as “painting” and  “application of markings” are interchangeable throughout this specification.
MATERIALS
620-2.1 Materials acceptance. The Contractor shall furnish manufacturer’s certified test reports for materials shipped to the project. The certified test reports shall include a statement that the materials meet the specification requirements. The reports can be used for material acceptance or the Engineer may perform verification testing. The reports shall not be interpreted as a basis for payment. The Contractor shall notify the Engineer upon arrival of a shipment of materials to the site.  All material shall arrive in sealed containers 55 gallons or smaller for inspection by the Engineer. Material shall not be loaded into the equipment until inspected by the Engineer.
620-2.2 Marking materials. Paint shall be [   waterborne, epoxy, methacrylate, solvent-base, or preformed thermoplastic   ] in accordance with the requirements of paragraph 620-2.2 [      ]. Paint shall be furnished in [      ] in accordance with Federal Standard No. 595.
************************************************************************************
The Engineer shall specify paint type (s) and appropriate paragraph number (s). 
The Engineer shall insert the colors to be used on a project from the following list:
Fed Std. No 595 Color		Number
White 				37925
Red 				31136
Yellow 				33538 or 33655
Black				37038
Pink				1 part 31136 to 2 parts 37925
Green 				34108
Waterborne or solvent base black paint should be used to outline a border at least 6 inch (150 mm) wide around markings on all light colored pavements.  Preformed thermoplastic markings shall have a non-reflectorized black border integral to the marking.
For TT-P-1952E and A-A-2886B paints, the Engineer shall specify the type required:
· Type I is intended for those locations where slower tracking is not a problem.
· Type II is intended for locations where faster curing is desirable.
· Type III requires the use of cross linking resin which will produce a thicker, more durable coating.
When more than one paint type is specified, the plans should clearly indicate paint type for each marking.
************************************************************************************
[   a. Waterborne. Paint shall meet the requirements of Federal Specification TT-P-1952E, [   Type I   ] [   Type II   ] [   Type III   ]. The non-volatile portion of the vehicle for all paint types shall be composed of a 100% acrylic polymer as determined by infrared spectral analysis.  [   The acrylic resin used for Type III shall be 100% cross linking acrylic as evidenced by infrared peaks at wavelengths 1568, 1624, and 1672 cm-l with intensities equal to those produced by an acrylic resin known to be 100% cross linking.   ]
[   b. Epoxy. Paint shall be a two component, minimum 99% solids type system conforming to the following:
(1) Pigments. Component A. Percent by weight.
(a) White:
Titanium Dioxide, ASTM D476, type II shall be 18% minimum (16.5% minimum at 100% purity).
(b) Yellow and Colors:
Titanium Dioxide, ASTM D476, type II shall be 14 to 17%.
Organic yellow, other colors, and tinting as required to meet color standard.
Epoxy resin shall be 75 to 79%.
(2) Epoxy content. Component A. The weight per epoxy equivalent, when tested in accordance with ASTM D1652 shall be the manufacturer’s target ±50.
(3) Amine number. Component B. When tested in accordance with ASTM D2074 shall be the manufacturer’s target ±50.
(4) Prohibited materials. The manufacturer shall certify that the product does not contain mercury, lead, hexavalent chromium, halogenated solvents, nor any carcinogen as defined in 29 CFR 1910.1200 in amounts exceeding permissible limits as specified in relevant Federal Regulations.
(5) Daylight directional reflectance.
(a) White: The daylight directional reflectance of the white paint shall not be less than 75% (relative to magnesium oxide), when tested in accordance with ASTM E2302.
(b) Yellow: The daylight directional reflectance of the yellow paint shall not be less than 55% (relative to magnesium oxide), when tested in accordance with ASTM E2302. The x and y values shall be consistent with the Federal Hegman yellow color standard chart for traffic yellow standard 33538, or shall be consistent with the tolerance listed below:
	x   .462
	x   .470
	x   .479
	x   .501

	y   .438
	y   .455
	y   .428 
	y   .452


(6) Accelerated weathering.
(a) Sample preparation. Apply the paint at a wet film thickness of 0.013 inch (0.33 mm) to four 3 × 6 inch (8 × 15 cm) aluminum panels prepared as described in ASTM E2302. Air dry the sample 48 hours under standard conditions.
(b) Testing conditions. Test in accordance with ASTM G154 using both Ultra Violet (UV-B) Light and condensate exposure, 72 hours total, alternating four (4) hour UV exposure at 140°F (60°C), and four (4) hours condensate exposure at 104°F (40°C).
(c) Evaluation. Remove the samples and condition for 24 hours under standard conditions. Determine the directional reflectance and color match using the procedures in paragraph 620-2.2b(5) above. Evaluate for conformance with the color requirements.
(7) Volatile organic content. Determine the volatile organic content in accordance with 40 CFR Part 60 Appendix A, Method 24.
(8) Dry opacity. Use ASTM E2302. The wet film thickness shall be 0.015 inch (0.38 mm). The minimum opacity for white and colors shall be 0.92.
(9) Abrasion resistance. Subject the panels prepared in paragraph 620-2.2b(6) to the abrasion test in accordance with ASTM D968, Method A, except that the inside diameter of the metal guide tube shall be from 0.747 to 0.750 inch (18.97 to 19.05 mm). Five liters (17.5 lb (7.94 kg)) of unused sand shall be used for each test panel. The test shall be run on two test panels Both baked and weathered paint films shall require not less than 150 liters (525 lbs (239 kg)) of sand for the removal of the paint films.
(10) Hardness, shore. Hardness shall be at least 80 when tested in accordance with ASTM D2240.   ]
[   c. Methacrylate. Paint shall be a two component, minimum 99% solids-type system conforming to the following:
(1) Pigments. Component A. Percent by weight.
(a) White:
Titanium Dioxide, ASTM D476, type II shall be 8% minimum.
Methacrylate resin shall be 18% minimum.
(b) Yellow and Colors:
Titanium Dioxide, ASTM D476, type II shall be 1% minimum.
Organic yellow, other colors, and tinting as required to meet color standard.
Methacrylate resin shall be 18% minimum.
(2) Prohibited materials. The manufacturer shall certify that the product does not contain mercury, lead, hexavalent chromium, halogenated solvents, nor any carcinogen as defined in 29 CFR 1910.1200 in amounts exceeding permissible limits as specified in relevant Federal Regulations.
(3) Daylight directional reflectance:
(a) White: The daylight directional reflectance of the white paint shall not be less than 80% (relative to magnesium oxide), when tested in accordance with ASTM E2302.
(b) Yellow: The daylight directional reflectance of the yellow paint shall not be less than 55% (relative to magnesium oxide), when tested in accordance with ASTM E2302. The x and y values shall be consistent with the Federal Hegman yellow color standard chart for traffic yellow standard 33538, or shall be consistent with the tolerance listed below:
	x   .462
	x   .470
	x   .479
	x   .501

	y   .438
	y   .455
	y   .428
	y   .452


(4) Accelerated weathering.
(a) Sample preparation. Apply the paint at a wet film thickness of 0.013 inch (0.33 mm) to four 3 × 6 inch (8 × 15 cm) aluminum panels prepared as described in ASTM E2302. Air dry the sample 48 hours under standard conditions.
(b) Testing conditions. Test in accordance with ASTM G154 using both Ultra Violet (UV-B) Light and condensate exposure, 72 hours total, alternating four (4) hour UV exposure at 140°F (60°C), and four (4) hours condensate exposure at 104°F (40°C).
(c) Evaluation. Remove the samples and condition for 24 hours under standard conditions. Determine the directional reflectance and color match using the procedures in paragraph 620-2.2c(3) above. Evaluate for conformance with the color requirements.
(5) Volatile organic content. Determine the volatile organic content in accordance with 40 CFR Part 60 Appendix A, Method 24.
(6) Dry opacity. Use ASTM E2302. The wet film thickness shall be 0.015 inch (0.38 mm). The minimum opacity for white and colors shall be 0.92.
(7) Abrasion resistance. Subject the panels prepared in paragraph 620-2.2c(4) to the abrasion test in accordance with ASTM D968, Method A, except that the inside diameter of the metal guide tube shall be from 0.747 to 0.750 inch (18.97 to 19.05 mm). Five liters (17.5 lb (7.94 kg)) of unused sand shall be used for each test panel. The test shall be run on two test panels Both baked and weathered paint films shall require not less than 150 liters (525 lbs (239 kg) of sand for the removal of the paint films.
(8) Hardness, shore. Hardness shall be at least 60 when tested in accordance with ASTM D2240.   ]
[   d. Solvent-Base. Paint shall meet the requirements of Commercial Item Description [   A-A-2886B Type I, Type II, and Type III   ].   ]
[   e. Preformed Thermoplastic Airport Pavement Markings. Markings must be composed of ester modified resins in conjunction with aggregates, pigments, and binders that have been factory produced as a finished product. The material must be impervious to degradation by aviation fuels, motor fuels, and lubricants.
(1) The markings must be able to be applied in temperatures as low as 35°F without any special storage, preheating, or treatment of the material before application.
(a) The markings must be supplied with an integral, non-reflectorized black border.
(2) Graded glass beads.
(a) The material must contain a minimum of 30% intermixed graded glass beads by weight. The intermixed beads shall conform to [   Federal Specification TT-B-1325D, Type I, gradation A   ] [   Federal Specification TT-B-1325D, Type IV   ].
(b) The material must have factory applied coated surface beads in addition to the intermixed beads at a rate of one (1) lb (0.45 kg) (±10%) per 10 square feet (1 sq m). These factory applied coated surface beads shall have a minimum of 90% true spheres, minimum refractive index of 1.50, and meet the following gradation.
	Size Gradation 
	Retained, %
	Passing, %

	U.S. Mesh
	μm
	
	

	12
	1700
	0 - 2
	98 - 100

	14
	1400
	0 - 3.5
	96.5 - 100

	16
	1180
	2 - 25
	75 - 98

	18
	1000
	28 - 63
	37 - 72

	20
	850
	63 - 72
	28 - 37

	30
	600
	67 - 77
	23 - 33

	50
	300
	89 - 95
	5 - 11

	80
	200
	97 - 100
	0 - 3


(3) Heating indicators. The material manufacturer shall provide a method to indicate that the material has achieved satisfactory adhesion and proper bead embedment during application and that the installation procedures have been followed.
(4) Pigments. Percent by weight.
(a) White:
Titanium Dioxide, ASTM D476, type II shall be 10% minimum.
(b) Yellow and Colors:
Titanium Dioxide, ASTM D476, type II shall be 1% minimum.
Organic yellow, other colors, and tinting as required to meet color standard.
(5) Prohibited materials. The manufacturer shall certify that the product does not contain mercury, lead, hexavalent chromium, halogenated solvents, nor any carcinogen as defined in 29 CFR 1910.1200 in amounts exceeding permissible limits as specified in relevant Federal Regulations.
(6) Daylight directional reflectance.
(a) White: The daylight directional reflectance of the white paint shall not be less than 75% (relative to magnesium oxide), when tested in accordance with ASTM E2302.
(b) Yellow: The daylight directional reflectance of the yellow paint shall not be less than 45% (relative to magnesium oxide), when tested in accordance with ASTM E2302. The x and y values shall be consistent with the Federal Hegman yellow color standard chart for traffic yellow standard 33538, or shall be consistent with the tolerance listed below:
	x   .462
	x   .470
	x   .479
	x   .501

	y   .438
	y   .455
	y   .428
	y   .452


(7) Skid resistance. The surface, with properly applied and embedded surface beads, must provide a minimum resistance value of 45 BPN when tested according to ASTM E303.
(8) Thickness. The material must be supplied at a nominal thickness of 65 mil (1.7 mm).
(9) Environmental resistance. The material must be resistant to deterioration due to exposure to sunlight, water, salt, or adverse weather conditions and impervious to aviation fuels, gasoline, and oil.
(10) Retroreflectivity. The material, when applied in accordance with manufacturer’s guidelines, must demonstrate a uniform level of nighttime retroreflection when tested in accordance to ASTM E1710.
(11) Packaging. Packaging shall protect the material from environmental conditions until installation.
(12) Preformed thermoplastic airport pavement marking requirements.
(a) The markings must be a resilient thermoplastic product with uniformly distributed glass beads throughout the entire cross-sectional area. The markings must be resistant to the detrimental effects of aviation fuels, motor fuels and lubricants, hydraulic fluids, deicers, anti-icers, protective coatings, etc. Lines, legends, and symbols must be capable of being affixed to asphalt and/or Portland cement concrete pavements by the use of a large radiant heater. Colors shall be available as required.
(b) The markings must be capable of conforming to pavement contours, breaks, and faults through the action of airport traffic at normal pavement temperatures. The markings must be capable of fully conforming to grooved pavements, including pavement grooving per advisory circular (AC) 150/5320-12, current version. The markings shall have resealing characteristics, such that it is capable of fusing with itself and previously applied thermoplastics when heated with a heat source per manufacturer’s recommendation.
(c) Multicolored markings must consist of interconnected individual pieces of preformed thermoplastic pavement marking material, which through a variety of colors and patterns, make up the desired design. The individual pieces in each large marking segment (typically more than 20 feet (6 m) long) must be factory assembled with a compatible material and interconnected so that in the field it is not necessary to assemble the individual pieces within a marking segment. Obtaining multicolored effect by overlaying materials of different colors is not acceptable due to resulting inconsistent marking thickness and inconsistent application temperature in the marking/substrate interface.
(d) The marking material must set up rapidly, permitting the access route to be re-opened to traffic after application.
(e) The marking material shall have an integral color throughout the thickness of the marking material.   ]
************************************************************************************
Thermoplastic airport markings will be subject to an Engineering life-cycle cost analysis prior to inclusion in specifications.  
************************************************************************************
620-2.3 Reflective media. Glass beads shall meet the requirements for [      ]. Glass beads shall be treated with all compatible coupling agents recommended by the manufacturers of the paint and reflective media to ensure adhesion and embedment.
************************************************************************************
	Paint Color
	Glass Beads, Type I, Gradation A
	Glass Beads, Type III
	Glass Beads, Type IV

	White
	See Table 1
	See Table 1
	See Table 1

	Yellow
	See Table 1
	See Table 1
	See Table 1

	Red
	See Table 1 and Note
	Not used
	See Table 1 and Note

	Pink
	See Table 1 and Note
	Not used
	See Table 1 and Note

	Black
	Not used
	Not used
	Not used

	Green
	Not used
	Not used
	Not used


The Engineer should insert all that will be used in the project. When more than one bead type is specified, the plans should indicate the bead type for each marking.
Federal Specification TT-B-1325D, Type I, gradation A shall be used when remarking on a frequent basis (at least every six months), and should yield at least 300 mcd/m²/lux on white markings at installation and at least 175 mcd/m²/lux on yellow markings at installation. 
Federal Specification TT-B-1325D, Type III, gradation A shall be used when a higher reflective value is desired. Initial readings should yield at least 600 mcd/m²/lux on white markings and at least 300 mcd/m²/lux on yellow markings at installation. 
Federal Specification TT-B-1325D, Type IV, gradation A shall be used with TT-P-1952E, Type III paint. The glass beads are larger than either Type I or Type III, thus requiring more of the coating material to properly anchor. When applied properly in 25-30 mils wet film thickness (wft) of the high build acrylic waterborne material, reflective readings should yield at least 400 mcd/m²/lux on white markings and at least 225 mdc/m²/lux on yellow markings at installation. The Engineer should consult with the paint and bead manufacturer on the use of adhesion, flow promoting, and/or flotation additives.
Preformed thermoplastic pavement markings should yield at least 225 mcd/m2/lux on white markings at installation and at least 100 mcd/m2/lux on yellow markings at installation.
Retroreflectivity shall be measured by a portable retroreflectometer according to ASTM E1710 and the practices in ASTM D7585 shall be followed for taking retroreflectivity readings with a portable retroreflectometer and computing measurement averages.  A van-mounted retroreflectometer may also be used.
************************************************************************************
CONSTRUCTION METHODS
620-3.1 Weather limitations. The painting shall be performed only when the surface is dry and when the surface temperature is at least 45°F (7°C) and rising and the pavement surface temperature is at least 5°F (2.7°C) above the dew point or meets the manufacturer’s recommendations. [   Painting operations shall be discontinued when the surface temperature exceeds [      ]°F ([      ]°C.   ] [   Markings shall not be applied when the pavement temperature is greater than 130°F (55°C).    ] Markings shall not be applied when the wind speed exceeds 10 mph unless windscreens are used to shroud the material guns.
************************************************************************************
The Engineer may specify minimum and maximum surface and dew point temperatures based on paint manufacturer’s recommendations.
************************************************************************************
620-3.2 Equipment. Equipment shall include the apparatus necessary to properly clean the existing surface, a mechanical marking machine, a bead dispensing machine, and such auxiliary hand-painting equipment as may be necessary to satisfactorily complete the job.
The mechanical marker shall be an atomizing spray-type or airless-type marking machine suitable for application of traffic paint. It shall produce an even and uniform film thickness at the required coverage and shall apply markings of uniform cross-sections and clear-cut edges without running or spattering and without over spray.
620-3.3 Preparation of surface. Immediately before application of the paint, the surface shall be dry and free from dirt, grease, oil, laitance, or other foreign material that would reduce the bond between the paint and the pavement. The area to be painted shall be cleaned by [   waterblasting,   ] [   shotblasting,   ] [   grinding   ] or [   sandblasting   ] or by other methods as required to remove all contaminants minimizing damage to the pavement surface. Use of any chemicals or impact abrasives during surface preparation shall be approved in advance by the Engineer. After the cleaning operations, sweeping, blowing, or rinsing with pressurized water shall be performed to ensure the surface is clean and free of grit or other debris left from the cleaning process.
[   Paint shall not be applied to Portland cement concrete pavement until the areas to be painted are clean of curing material. Sandblasting or high-pressure water shall be used to remove curing materials.   ] 
[ At least 24 hours prior to remarking existing markings, [ loose ] existing markings must be removed such that [   75%   ] [   90%   ] [   100%   ]  of the [ loose ] existing markings are removed.  After removal, the surface shall be cleaned of all residue or debris either with sweeping or blowing with compressed air or both. ]
Prior to the application of any markings, the Contractor shall certify in writing that the surface has been prepared in accordance with the paint manufacturer’s requirements, that the application equipment is appropriate for the type of marking paint and that environmental conditions are appropriate for the material being applied.  This certification along with a copy of the paint manufacturer’s surface preparation and application requirements must be submitted and approved by the Engineer prior to the initial application of markings.
************************************************************************************
The Engineer should specify any additional surface preparation or test applications required and should specify the type of surface preparation to be used when existing markings interfere with or would cause adhesion problems with new markings. Loose markings should always be removed prior to remarking; whether or not existing markings need to be removed is up to the Engineer and the Airport Operator. The type of removal method used depends upon whether you need to remove loose markings or all existing markings.
Loose markings should always be removed prior to remarking, whether or not existing markings need to be removed is up to the Engineer and the Airport Operator.  The type of removal method used depends upon whether you need to remove loose markings or all existing markings.
Shotblasting is not recommended on grooved surfaces.
After removal you may have to apply a fog seal or seal coat to “block out” the removal area to eliminate “ghost” markings, which could be misleading.
************************************************************************************
620-3.4 Layout of markings. The proposed markings shall be laid out in advance of the paint application. The locations of markings to receive glass beads shall be shown on the plans. [   The locations of markings to receive silica sand shall be shown on the plans.   ] 
************************************************************************************
Glass beads improve conspicuity and the friction characteristics of markings. At a minimum, the Engineer shall indicate the following locations to receive glass beads per AC 150/5340-1, Standards for Airport Markings:
1. All holding position markings used on runways, taxiways, and holding bays and used to indicate instrument landing system/microwave landing system (ILS/MLS) or precision obstacle-free zone (POFZ) critical areas.
2. Runway threshold marking.
3. Runway threshold bar.
4. Runway aiming point marking.
5. Runway designation marking.
6. Runway touchdown zone markings.
7. Runway centerline marking.
8. All taxiway centerline markings and enhanced taxiway centerline markings.
9. Geographical position marking.
10. Surface painted signs for holding position signs, taxiway direction signs, taxiway location signs, gate destination signs, and apron entrance point signs.
11. Non-movement area boundary marking
The following locations are recommended to receive glass beads:
1. Runway side stripes.
2. Taxiway edge markings.
3. Runway displaced threshold markings.
4. Runway demarcation bar.
************************************************************************************
620-3.5 Application. Paint shall be applied at the locations and to the dimensions and spacing shown on the plans. Paint shall not be applied until the layout and condition of the surface has been approved by the Engineer. The edges of the markings shall not vary from a straight line more than 1/2 inch (12 mm) in 50 feet (15 m), and marking dimensions and spacings shall be within the following tolerances:
	Dimension and Spacing
	Tolerance

	36 inch (910 mm) or less
	±1/2 inch (12 mm)

	greater than 36 inch to 6 feet (910 mm to 1.85 m)
	±1 inch (25 mm)

	greater than 6 feet to 60 feet (1.85 m to 18.3 m)
	±2 inch (50 mm)

	greater than 60 feet (18.3 m)
	±3 inch (76 mm)


The paint shall be mixed in accordance with the manufacturer’s instructions and applied to the pavement with a marking machine at the rate shown in Table 1. The addition of thinner will not be permitted. A period of [      ] shall elapse between placement of a bituminous surface course or seal coat and application of the paint.
Prior to the initial application of markings, the Contractor shall certify in writing that the surface has been prepared in accordance with the paint manufacturer’s requirements, that the application equipment is appropriate for the marking paint and that environmental conditions are appropriate for the material being applied.  This certification along with a copy of the paint manufactures application and surface preparation requirements must be submitted to the Engineer prior to the initial application of markings.
620-3.6 Test strip.  Prior to the full application of airfield markings, the Contractor shall produce a test strip in the presence of the Engineer.  The test strip shall include the application of a minimum of 5 gallons (4 liters) of paint and application of 35 lbs (15.9 kg) of Type I/50 lbs (22.7 kg) of Type III glass beads.  The test strip shall be used to establish thickness/darkness standard for all markings.  The test strip shall cover no more than the maximum area prescribed in Table 1 (e.g., for 5 gallons (19 liters) of waterborne paint shall cover no more than 575 square feet (53.4 m2).
[bookmark: _Ref300049714][bookmark: _Toc300303596]Table 1. Application Rates For Paint And Glass Beads
(See Note regarding Red and Pink Paint)
	Paint Type
	Paint
Square feet per gallon, ft2/gal
(Sq m per liter, m2/l)
	Glass Beads, Type I, Gradation A
Pounds per gallon of paint-lb/gal
(Km per liter of paint-kg/l)
	Glass Beads,
Type III
Pounds per gallon of paint-lb/gal
(Km per liter of paint-kg/l)
	Glass Beads,
Type IV
Pounds per gallon of paint-lb/gal
(Km per liter of paint-kg/l)

	*
	*
	*
	*
	*

	*
	*
	*
	*
	*


************************************************************************************
The Engineer shall specify the application rates for paint and glass beads from the following table.
[bookmark: _Toc300303597]Application Rates For Paint And Glass Beads For Table 1
	Paint Type
	Paint
Square feet per gallon, ft2/gal
(Sq m per liter, m2/l)
	Glass Beads, Type I, Gradation A
Pounds per gallon of paint-lb/gal
(Km per liter of paint-kg/l)
	Glass Beads,
Type III
Pounds per gallon of paint-lb/gal
(Km per liter of paint-kg/l)
	Glass Beads,
Type IV
Pounds per gallon of paint-lb/gal
(Km per liter of paint-kg/l)

	Waterborne
Type I or II
	115 ft2/gal max
(2.8 m2/l)
	7 lb/gal min
(0.85 kg/l)
	10 lb/gal min
(1.2 kg/l)
	--

	Waterborne Type III
	90 ft2/gal max
(2.2 m2/l)
	--
	10 lb/gal min
(1.2 kg/l)
	

	Waterborne Type III
	55 ft2/gal max
(1.4 m2/l)
	
	
	8 lb/gal min (1.0 kg/l)

	Solvent Base
	115 ft2/gal max
(2.8 m2/l)
	7 lb/gal min
(0.85 kg/l)
	10 lb/gal min
(1. 2 kg/l)
	--

	Solvent Base
	55 ft2/gal max
(2.2 m2/l)
	--
	--
	8 lb/gal min
(1.0 kg/l)

	Epoxy
	90 ft2/gal max
(2.2 m2/l)
	15 lb/gal min
(1.8 kg/l)
	20 lb/gal min
(2.4 kg/l)
	16 lb/gal min
(1.9 kg/l)

	Methacrylate
	45 ft2/gal max
(1.1 m2/l)
	15 lb/gal min
(1.8 kg/l)
	20 lb/gal min
(2.4 kg/l)
	16 lb/gal min
(1.8 kg/l)


Note:  The glass bead application rate for Red and Pink paint shall be reduced by 2 lb/gal (0.24 kg/l) for Type I and Type IV beads. Type III beads shall not be applied to Red or Pink paint.
The Engineer shall specify the time period in order to allow adequate curing of the pavement surface. The Engineer should contact the paint manufacturer to determine the wait period.
Due to the increased surface area to cover, the following should be substituted when painting Porous Friction Course with waterborne or solvent based paints:
“The paint shall be mixed in accordance with the manufacturer’s instructions and applied to the pavement with a marking machine from two directions at 50% with no glass beads in the first direction, and 100% with glass beads or sand in the other direction.”
Markings may be required before paving operations are complete. The Engineer may wish to specify waterborne or solvent-based materials for temporary markings at 30% to 50% of the specified application rates (for example, rate/0.50). No glass beads are required for temporary markings. TT-P-1952E, Type II or A-A-2886B, Type III may be used for temporary markings when reflectorized temporary markings are desired.  Glass beads will not adhere well at the low application rates for temporary markings and require immediate sweeping and cleanup before aircraft are allowed to use the pavement.
************************************************************************************
************************************************************************************
It is recommended when using waterborne paints on previously unmarked asphalt or seal coat, that an initial paint coat at 50% of the permanent coverage rates be applied for white markings to reduce the discoloration that occurs. 
New concrete pavements should be allowed to cure for eight to twelve weeks before removing the curing compound and installing permanent markings.
************************************************************************************
Glass beads shall be distributed upon the marked areas at the locations shown on the plans to receive glass beads immediately after application of the paint. A dispenser shall be furnished that is properly designed for attachment to the marking machine and suitable for dispensing glass beads. Glass beads shall be applied at the rate shown in Table 1. Glass beads shall not be applied to black paint or green paint. Glass beads shall adhere to the cured paint or all marking operations shall cease until corrections are made. Different bead types shall not be mixed. Regular monitoring of glass bead embedment should be performed.
All emptied containers shall be returned to the paint storage area for checking by the Engineer. The containers shall not be removed from the airport or destroyed until authorized by the Engineer.
************************************************************************************
A 24- to 30-day waiting period is recommended for all types of paint used for pavement marking. If the airport operations require pavement marking prior to the recommended waiting period, the paint may be applied in a temporary light coat application. Appropriate modifications to paragraph 3.5 should be included to specify a 30% to 50% application rate for temporary markings. Glass beads are not required for temporary markings. TT-P-1952E, Type II or A-A-2886B, Type III may be used for temporary markings when reflectorized temporary markings are desired.  Glass beads will not adhere well at the low application rates for temporary markings and require immediate sweeping and cleanup before aircraft are allowed to use the pavement.
The final application should occur after the waiting period has passed. The final marking application must be at full strength in order to adequately set the glass bead. 
************************************************************************************
620-3.7 Application--preformed thermoplastic airport pavement markings.
a. Asphalt and Portland cement. To ensure minimum single-pass application time and optimum bond in the marking/substrate interface, the materials must be applied using a variable speed self-propelled mobile heater with an effective heating width of no less than 16 feet (5 m) and a free span between supporting wheels of no less than 18 feet (5.5 m). The heater must emit thermal radiation to the marking material in such a manner that the difference in temperature of 2 inches (50 mm) wide linear segments in the direction of heater travel must be within 5% of the overall average temperature of the heated thermoplastic material as it exits the heater. The material must be able to be applied at ambient and pavement temperatures down to 35°F (2°C) without any preheating of the pavement to a specific temperature. The material must be able to be applied without the use of a thermometer. The pavement shall be clean, dry, and free of debris. A non-volatile organic content (non-VOC) sealer with a maximum applied viscosity of 250 centiPoise must be applied to the pavement shortly before the markings are applied. The supplier must enclose application instructions with each box/package.
620-3.8 Protection and cleanup. After application of the markings, all markings shall be protected from damage until dry. All surfaces shall be protected from excess moisture and/or rain and from disfiguration by spatter, splashes, spillage, or drippings. The Contractor shall remove from the work area all debris, waste, loose or unadhered reflective media, and by-products generated by the surface preparation and application operations to the satisfaction of the Engineer. The Contractor shall dispose of these wastes in strict compliance with all applicable state, local, and Federal environmental statutes and regulations.
METHOD OF MEASUREMENT
620-4.1 The quantity of runway and taxiway markings to be paid for shall be [   the number of square feet (square meters) of painting and the number of pounds (km) of reflective media   ] [   the number of square feet (square meters) of preformed markings   ] [   one complete item in place   ] performed in accordance with the specifications and accepted by the Engineer.
BASIS OF PAYMENT
620-5.1 Payment shall be made at the respective contract [   price per square foot (square meter)   ] [   lump sum price   ] for runway and taxiway painting [   , and [   price per pound (km)   ] [   lump sum price   ] [   price per square foot (square meter)   ] [   lump sum price   ] for preformed markings   ] for reflective media. This price shall be full compensation for furnishing all materials and for all labor, equipment, tools, and incidentals necessary to complete the item.
Payment will be made under:
Item P-620-5.1-1	Runway and Taxiway Marking [   per square foot (square meter)   ] [   lump sum   ]
************************************************************************************
The Engineer should include a pay item for each paint type and color and bead type material specified.  
************************************************************************************
Item P-620-5.1-2	Reflective Media [   per pound (km)   ] [   lump sum   ]
TESTING REQUIREMENTS
ASTM C371	Standard Test Method for Wire-Cloth Sieve Analysis of Nonplastic Ceramic Powders
ASTM D92	Standard Test Method for Flash and Fire Points by Cleveland Open Cup Tester
ASTM D711	Standard Test Method for No-Pick-Up Time of Traffic Paint
ASTM D968	Standard Test Methods for Abrasion Resistance of Organic Coatings by Falling Abrasive
ASTM D1652	Standard Test Method for Epoxy Content of Epoxy Resins
ASTM D2074	Standard Test Method for Total, Primary, Secondary, and Tertiary Amine Values of Fatty Amines by Alternative Indicator Method
ASTM D2240	Standard Test Method for Rubber Property - Durometer Hardness
ASTM D7585	Standard Practice for Evaluating Retroreflective Pavement Markings Using Portable Hand-Operated Instruments
ASTM E1710	Standard Test Method for Measurement of Retroreflective Pavement Marking Materials with CEN-Prescribed Geometry Using a Portable Retroreflectometer
ASTM E2302	Standard Test Method for Measurement of the Luminance Coefficient Under Diffuse Illumination of Pavement Marking Materials Using a Portable Reflectometer
ASTM G154	Standard Practice for Operating Fluorescent Ultraviolet (UV) Lamp Apparatus for Exposure of Nonmetallic Materials
MATERIAL REQUIREMENTS
ASTM D476	Standard Classification for Dry Pigmentary Titanium Dioxide Products
40 CFR Part 60, Appendix A-7, Method 24
Determination of volatile matter content, water content, density, volume solids, and weight solids of surface coatings
29 CFR Part 1910.1200	Hazard Communication
FED SPEC TT-B-1325D
Beads (Glass Spheres) Retro-Reflective
American Association of State Highway and Transportation Officials (AASHTO) M247
Standard Specification for Glass Beads Used in Pavement Markings
FED SPEC TT-P-1952E
Paint, Traffic and Airfield Marking, Waterborne
Commercial Item Description A-A-2886B
 	Paint, Traffic, Solvent Based
FED STD 595	Colors used in Government Procurement
AC 150/5340-1	Standards for Airport Markings
END OF ITEM P-620
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DESCRIPTION
621-1.1 This item consists of providing a skid resistant surface that prevents hydroplaning during wet weather in accordance with these specifications and at the locations shown on the plans, or as directed by the Engineer.
************************************************************************************
SKID-RESISTANT SURFACES. The method for determining the need for saw-cut grooves can be found in advisory circular (AC) 150/5320-12.
************************************************************************************
CONSTRUCTION METHODS
621-2.1 Procedures.  The Contractor shall submit to the Engineer the grooving sequence and method of placing guide lines to control grooving operation. Transverse grooves saw-cut in the pavement must form a 1/4 inch (+1/16 inch, -0 inch) wide by 1/4 inch (±1/16 inch) deep by 1-1/2 inch (-1/8 inch, +0 inch) [   6 mm (+2 mm, -0 mm) wide by 6 mm (±2 mm) deep by 38 mm (-3 mm, +0 mm)   ] center-to-center configuration. The grooves must be continuous for the entire runway length. They must be saw-cut transversely (perpendicular to centerline) in the runway and high-speed taxiway pavement to not less than [   10 feet (3 m)   ] from the runway pavement edge to allow adequate space for equipment operation. 
The saw-cut grooves must meet the following tolerances. The tolerances apply to each day’s production and to each piece of grooving equipment used for production. The Contractor is responsible for all controls and process adjustments necessary to meet these tolerances.  The Contractor shall routinely spot check for compliance each time the equipment aligns for a grooving pass.
a. Alignment tolerance. The grooves shall not vary more than ±1-1/2 inch (38 mm) in alignment for 75 feet (23 m) along the runway length, allowing for realignment every 500 feet (150 m) along the runway length.
b. Groove tolerance. Depth. The standard depth is 1/4 inch (6 mm). At least 90% of the grooves must be at least 3/16 inch (5 mm), at least 60% of the grooves must be at least 1/4 inch (6 mm), and not more than 10% of the grooves may exceed 5/16 inch (8 mm).
c. Width. The standard width is 1/4 inch (6 mm). At least 90% of the grooves must be at least 3/16 inch (5 mm), at least 60% of the grooves must be at least 1/4 inch (6 mm), and not more than 10% of the grooves may exceed 5/16 inch (8 mm).
d. Center-to-center spacing. The standard spacing is 1-1/2 inch (38 mm). Minimum spacing 1-3/8 inch (34 mm). Maximum spacing 1-1/2 inch (38 mm).
Saw-cut grooves must not be closer than 3 inches (8 cm) or more than 9 inches (23 cm) from transverse joints in concrete pavements. Grooves must not be closer than 6 inches (150 mm) and no more than 18 inches (0.5 m) from in-pavement light fixtures. Grooves may be continued through longitudinal construction joints. Where neoprene compression seals have been installed and the compression seals are recessed sufficiently to prevent damage from the grooving operation, grooves may be continued through the longitudinal joints. Where neoprene compression seals have been installed and the compression seals are not recessed sufficiently to prevent damage from the grooving operation, grooves must not be closer than 3 inches (8 cm) or more than 5 inches (125 mm) from the longitudinal joints.  Where lighting cables are installed, grooving through longitudinal or diagonal saw kerfs shall not be allowed.  
************************************************************************************
The 10-foot (3 m) distance from the pavement edge allows adequate space for equipment operation. Grooving to within one or two feet (0.3 to 0.6 m) from the pavement edge may be possible when adequate paved shoulder area is available.
Coordinate grooving limits with the airport Owner and military service when an arresting gear is located on the runway.
The Engineer may require a written report from the Contractor indicating how many times production was adjusted including blade replacement.  
Surface variability may require more testing than the minimum of three per day per grooving machine.
************************************************************************************
621-2.2 Environmental requirements. Grooving operations will not be permitted when freezing conditions prevent the immediate removal of debris and/or drainage of water from the grooved area. Discharge and disposal of waste slurry shall be the Contractor’s responsibility.
621-2.3 Test section. Groove a test section in an area of the pavement outside of the trafficked area, as approved by the Engineer. The area shall be [      ] feet ([      ] m) long by two lanes wide. Demonstrate the setup and alignment process, the grooving operation, and the waste slurry disposal.
621-2.4 Existing pavements. Bumps, depressed areas, bad or faulted joints, and badly cracked and/or spalled areas in the pavement shall not be grooved until such areas are adequately repaired or replaced.
621-2.5 New pavements. New asphalt concrete pavements shall be allowed to cure for a minimum of 30 days before grooving, to allow the material to become stable enough to prevent closing of the grooves under normal use. Permit new Portland cement concrete pavements to cure for a minimum of 28 days before grooving. Spalling along or tearing or raveling of the groove edges shall not be allowed.
************************************************************************************
If it can be demonstrated that grooves are stable with no spalling along or tearing or raveling of the groove edges then grooving sooner than 30 days can be specified.
************************************************************************************
621-2.6 Grooving machine.  Provide a grooving machine that is power driven, self-propelled, specifically designed and manufactured for pavement grooving, and has a self-contained and integrated continuous slurry vacuum system as the primary method for removing waste slurry. The grooving machine shall be equipped with diamond-saw cutting blades, and capable of making at least 18 inches (0.5 m) in width of multiple parallel grooves in one pass of the machine. Thickness of the cutting blades shall be capable of making the required width and depth of grooves in one pass of the machine. The cutting head shall not contain a mixture of new and worn blades or blades of unequal wear or diameter. Match the blade type and configuration with the hardness of the existing airfield pavement. The wheels on the grooving machine shall be of a design that will not scar or spall the pavement. Provide the machine with devices to control depth of groove and alignment.
621-2.7 Water supply.  Water for the grooving operation shall be provided by the Contractor.
621-2.8 Clean-up. During and after installation of saw-cut grooves, the Contractor must remove from the pavement all debris, waste, and by-products generated by the operations to the satisfaction of the Engineer. Cleanup of waste material must be continuous during the grooving operation.  Flush debris produced by the machine to the edge of the grooved area or pick it up as it forms. The dust coating remaining shall be picked up or flushed to the edge of the area if the resultant accumulation is not detrimental to the vegetation or storm drainage system. Accomplish all flushing operations in a manner to prevent erosion on the shoulders or damage to vegetation. Waste material must be disposed of in an approved manner. Waste material must not be allowed to enter the airport storm sewer system. The Contractor must dispose of these wastes in strict compliance with all applicable state, local, and Federal environmental statutes and regulations
621-2.9 Repair of damaged pavement. Grooving must be stopped and damaged pavement repaired at the Contractor’s expense when, in the opinion of the Engineer, the result of the grooving operation will be detrimental to aircraft tires.
[   621-2.10 Production rate. The Contractor must furnish sufficient equipment to groove [   square yards   ] of pavement [   per hour   ] [   per day   ].   ]
************************************************************************************
The Engineer may wish to specify a production rate depending on schedule. Delete paragraph if not used.
************************************************************************************
ACCEPTANCE
621-3.1 Acceptance testing. Grooves will be accepted based on results of zone testing. All acceptance testing necessary to determine conformance with the groove tolerances specified will be performed by the Engineer.
Instruments for measuring groove width and depth must have a range of at least 0.5 inch (12 mm)and a resolution of at least 0.005 inch (0.13 mm). Gauge blocks or gauges machined to standard grooves width, depth, and spacing may be used.
Instruments for measuring center-to-center spacing must have a range of at least 3 inches (8 cm) and a resolution of at least 0.02 inch (0.5 mm).
The Engineer will measure grooves in five zones across the pavement width. Measurements will be made at least three times during each day’s production. Measurements in all zones will be made for each cutting head on each piece of grooving equipment used for each day’s production.
The five zones are as follows:
Zone 1	Centerline to 5 feet (1.5 m) left or right of the centerline.
Zone 2	5 feet (1.5 m) to 25 feet (7.5 m) left of the centerline.
Zone 3	5 feet (1.5 m) 25 feet (7.5 m) right of the centerline.
Zone 4	25 feet (7.5 m) to edge of grooving left of the centerline.
Zone 5	25 feet (7.5 m) to edge of grooving right of the centerline.
At a random location within each zone, five consecutive grooves sawed by each cutting head on each piece of grooving equipment will be measured for width, depth, and spacing. The five consecutive measurements must be located about the middle blade of each cutting head ±4 inches (100 mm). Measurements will be made along a line perpendicular to the grooves.
Width or depth measurements less than 0.170 inch (4 mm) shall be considered less than 3/16 inch (5 mm).
Width or depth measurements more than 0.330 inch (8 mm) shall be considered more than 5/16 inch (8 mm).
Width or depth measurements more than 0.235 inch (6 mm) shall be considered more than 1/4 inch (6 mm).
Production must be adjusted when more than one groove on a cutting head fails to meet the standard depth, width, or spacing in more than one zone.
Method of MEASUREMENT 
621-4.1 The quantity of grooving to be paid for shall be the number of square yards (square meters) of grooving performed in accordance with the specifications and accepted by the Engineer per paragraph 621-3.1.
Basis of PAYMENT
621-5.1 Payment for saw-cut grooving. Payment for saw-cut grooving will be made at the contract unit price per square yard (square meter) for saw-cut grooving. This price shall be full compensation for furnishing all materials, and for all preparation, delivering, and application of these materials, and for all labor, equipment, tools, and incidentals necessary to complete the item.
Payment will be made under:
Item P-621-5.1	Grooving, unit price per square yard (square meter)
END OF ITEM P-621
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[bookmark: _Ref301943507][bookmark: _Toc306359506][bookmark: _Toc393451402]Item P-626 Emulsified Asphalt Slurry Seal Surface Treatment
DESCRIPTION
************************************************************************************
This type of surface treatment is approved for use on general aviation airports serving small airplanes 12,500 lbs (5670 kg) or less.  The Engineer, with FAA approval, may specify this item for airports serving airplanes 60,000 lbs (27216 kg) or less.
************************************************************************************
626-1.1 This item shall consist of a mixture of emulsified asphalt, mineral aggregate, and water properly proportioned, mixed, and spread on an asphalt pavement surface, including airport pavements serving [   small   ] airplanes [   12,500 lbs (5670 kg) or less   ], roads, and other general applications.  The application of the surface treatment shall be in accordance with these specifications and shall conform to the dimensions shown on the plans or as directed by the Engineer.
MATERIALS
626-2.1 Aggregate. The aggregate shall consist of sound and durable manufactured sand, slag, crusher fines, crushed stone, or a combination. The aggregate shall be clean and free from vegetable matter, dirt, and other deleterious substances. The aggregate shall have a sand equivalent of not less than [   45   ] percent when tested in accordance with ASTM D2419. The aggregate shall show a loss of not more than [   35   ] percent when tested in accordance with ASTM C131. The sodium sulfate soundness loss shall not exceed [   12   ] percent, or the magnesium soundness loss shall not exceed [   20   ] percent after 5 cycles when tested in accordance with ASTM C88. Aggregate shall be 100 percent crushed.
************************************************************************************
The sand equivalent should not be less than 45. The percent loss when tested under ASTM C131 should not exceed 35. The sodium sulfate loss should not exceed 12%; the magnesium sulfate loss should not exceed 20%. In certain specific cases, where aggregates complying with these requirements cannot be economically obtained, aggregates with a higher percentage loss (15% using sodium sulfate and 25% using magnesium sulfate has been used) or wear may be specified, provided a satisfactory service record under similar conditions of service and exposure has been demonstrated.
************************************************************************************
The combined aggregate shall conform to the gradation shown in Table 1 when tested in accordance with ASTM C136 and ASTM C117.
Table 1. Gradation Of Aggregates
	Sieve Size
	Percent by Weight Passing Sieve

	
	Type *

	3/8 inch (9 mm)
	*

	No. 4 (4.75 mm)
	*

	No. 8 (2.36 mm)
	*

	No. 16 (1.18 mm)
	*

	No. 30 (600 micro m)
	*

	No. 50 (300 micro m)
	*

	No. 100 (150 micro m)
	*

	No. 200 (75 micro m)
	*

	Residual asphalt content percent dry weight of aggregate
	*


************************************************************************************
The Engineer shall select the gradation and insert in Table 1 above.
[bookmark: _Toc300303598]
Table 1. Gradation Of Aggregates
	Sieve Size
	Percent by Weight Passing Sieve

	
	Type I
	Type II
	Type III
	Type IA

	3/8 inch (9 mm)
	100
	100
	100
	100

	No. 4 (4.75 mm)
	100
	90 - 100
	70 - 90
	98 - 100

	No. 8 (2.36 mm)
	90 - 100
	65 - 90
	45 - 70
	85 - 95

	No. 16 (1.18 mm)
	65 - 90
	45 - 70
	28 - 50
	50 - 75

	No. 30 (600 micro m)
	40 - 65
	30 - 50
	19 - 34
	30 - 50

	No. 50 (300 micro m)
	25 - 42
	18 - 30
	12 - 25
	18 - 35

	No. 100 (150 micro m)
	15 - 30
	10 - 21
	7 - 18
	10 - 21

	No. 200 (75 micro m)
	10 - 20
	5 - 15
	5 - 15
	5 - 10

	Residual asphalt content percent dry weight of aggregate
	10% - 16%
	7.5% - 13.5%
	6.5% - 12%
	9% - 13.5%


Table 1 – Gradation of Aggregates. Projects that have specified coarser aggregate gradations have reported problems with excessive tire wear. The coarser Type I gradation will provide considerable skid resistance and may be considered for most projects. The finer Type II gradation will provide sufficient friction and will not cause excessive tire wear. Tire wear appears to be related to the amount of material passing the #4 and retained on the #8 sieve; with no more than 10-15% retained on the #8 sieve to minimize tire wear while maintaining sufficient friction.
************************************************************************************
The job mix formula (mix design) shall be run using aggregate within the gradation band for the desired type shown in Table 1. Once the mix design has been submitted and approved by the Engineer, the aggregate used on the project shall not vary by more than the tolerances shown in Table 2. At no time shall the aggregate used go out of the gradation band in Table 1.
The aggregate will be accepted at the job location or stockpile based on five gradation test samples in accordance with ASTM D75. If the average of the five tests is within the gradation tolerances, then the materials will be accepted. If the tests show the material to be out of tolerance, the Contractor will be given the choice either to remove the material or blend other aggregates with the stockpile material to bring it into specification. Materials used in blending shall meet the quality tests before blending and shall be blended in a manner to produce a consistent gradation. This blending may require a new mix design.
Screening shall be required at the project stockpile site if there are oversize materials in the mix.
Precautions shall be taken to prevent segregation of the aggregate in storing and handling. The stockpile shall be kept in areas that drain readily.
************************************************************************************
The aggregate gradation band applicable to a project shall be specified by the Engineer from the gradations shown in Table 1. The appropriate gradation shall be shown on the plans. Type I gradation is used for maximum crack penetration and is usually used in low density traffic areas where the primary objective is sealing. Type II and Type III gradations are used to seal and improve skid resistance. Type III gradation is not recommended for runway use by the International Slurry Surfacing Association (ISSA).
************************************************************************************
a. Aggregate Tolerance. Once the mix design has been accepted, the aggregate gradation used on the project may vary from the aggregate gradation used in the mix design on each sieve by the percentages shown in Table 2. If the project aggregate fails to remain within this tolerance, a new mix design will be required by the Engineer at the expense of the Contractor.
Table 2. Aggregate Tolerance
	Sieve Size
	Tolerance, percent by weight passing sieve

	3/8 inch (9 mm)
	

	No. 4 (4.75 mm)
	±5%

	No. 8 (2.36 mm)
	±5%

	No. 16 (1.18 mm)
	±5%

	No. (600 micro m)
	±5%

	No. 50 (300 micro m)
	±4%

	No. 100 (150 micro m)
	±3%

	No. 200 (75 micro m)
	±2%

	Residual Asphalt, percent dry weight of aggregate
	±1%


626-2.2 Mineral filler. If mineral filler, in addition to that naturally present in the aggregate, is necessary, it shall meet the requirements of ASTM D242 and shall be used in the amounts required by the mix design. The mineral filler shall be considered as part of the aggregate.
626-2.3 Emulsified asphalt. The emulsified asphalt shall conform to the requirements of ASTM D[   977 and/or 2397   ] and shall be [   SS,   ] [   CSS,   ] [   CQS,   ] [   or QS   ] type emulsions.
************************************************************************************
The cement mixing test is waived for these slurry type emulsions. The emulsified asphalt shall be either anionic or cationic, whichever is best suited to the aggregate and job conditions to be encountered. The type of emulsified asphalt to use will be determined by the mix design. The Engineer shall specify the type of emulsion and the controlling specification, which shall be from ASTM D977 or ASTM D2397, and the material shall be SS, CSS, CQS, or QS.
************************************************************************************
626-2.4 Water. All water used in making the slurry shall be potable and free from harmful soluble salts and chemicals.
COMPOSITION AND APPLICATION
626-3.1 Composition. The slurry seal shall consist of a mixture of emulsified asphalt, mineral aggregate, and water.
626-3.2 Job mix formula. The mix design shall be developed by a laboratory with experience in designing slurry seal mixes and a signed copy shall be submitted in writing by the Contractor to the Engineer at least 10 days prior to the start of operations.  No slurry seal for payment shall be placed until a mix design has been approved by the Engineer.
The laboratory report (mix design) shall indicate the proportions of aggregates, mineral filler (minimum and maximum), water (minimum and maximum) and asphalt emulsion based on the dry aggregate weight. It shall also report the quantitative effects of moisture content on the unit weight of the aggregate (bulking effects). The mix design shall be in effect until modified in writing by the Engineer. If the sources of materials change, a new mix design shall be established before the new material is used.
************************************************************************************
The main items of design in emulsified asphalt slurry seals are aggregate gradation, emulsified asphalt content, and consistency of the mixture. The aggregates, emulsified asphalt, and water should form a creamy-textured slurry that, when spread, will flow ahead of the strike-off squeegee. This will allow the slurry to flow down into the cracks in the pavement and fill them before the strike-off passes over. Technical Bulletin No. 111, Outline Guide Design Procedure for Slurry Seal, and publication A-105 Recommended Performance Guideline for Emulsified Asphalt Surry Seal published by the ISSA contains information to aid designers of slurry mixes.
************************************************************************************
The Contractor shall submit to the Engineer for approval a complete mix design on the materials proposed for use, prepared and certified by an approved laboratory. Compatibility of the aggregate, emulsion, mineral filler, and other additives shall be verified by the mix design. The mix design shall be made with the same aggregate and grade of emulsified asphalt that the Contractor will provide on the project. At a minimum the required tests and values needed are as follows:
	
	Description
	Specification

	ISSA TB-100
	Wet track abrasion loss
one hour soak
	50 g/ft² Max
(538 g/m²)

	ISSA TB-115
	Determination of Slurry System Compatibility
	Pass


626-3.3 Application rate. Unless otherwise specified, the slurry seal shall be applied at the application rates shown in Table 3.
Table 3. Slurry Application Rates
	Mix Measurement
	*

	Pounds of mixture per square yard
	*

	Kilograms of mixture per square meter
	*


************************************************************************************
The Engineer shall select the application rate for the applicable gradation from the table below and insert in Table 3 above.
[bookmark: _Ref300050009]Table 3. Slurry Application Rates
	Mix Measurement
	Type I
	Type II
	Type III
	Type IA

	Pounds of mixture per square yard
	8 - 12
	12 - 20
	18 - 30
	10 – 16

	Kilograms of mixture per square meter
	4.3 - 6.5
	6.5 - 10.9
	9.8 - 16.3
	5.4 – 8.6



************************************************************************************
The rate of application shall not vary more than ±2 pounds per square yard (±1.1 km per square meter).
626-3.4 Test sections. Test sections shall be placed prior to the start of the slurry seal work in the presence of the Engineer. The test area will be located on the existing pavement and designated by the Engineer. Test strips shall be made by each machine after calibration. Samples of the slurry seal may be taken and the mix consistency verified by using ISSA TB-106 Measurement of Slurry Seal Consistency test. In addition, the proportions of the individual materials may be verified by the Engineer by using the calibration information provided after machine calibration. If any test does not meet specification requirements, additional tests shall be made at the expense of the Contractor, until an acceptable test strip is placed. 
A qualified slurry seal contractor’s representative shall be present in the field to assist the Contractor in applying test areas and/or test sections to determine the optimum application rate of both emulsion and aggregate.
************************************************************************************
The test section(s) affords the Contractor and the Engineer an opportunity to determine the quality of the mixture in place as well as the performance of the equipment.
The application rate depends on the surface texture.
If operational conditions preclude placement of a test section on the pavement to be treated, the test section may be applied on a pavement with similar surface texture.
************************************************************************************
CONSTRUCTION METHODS
626-4.1 Weather limitations. The slurry seal shall not be applied if either the pavement or air temperature is below 50°F (10°C) and falling but may be applied when both pavement and air temperature are above 45°F (7°C) and rising. No slurry seal shall be applied when there is danger that the finished product will freeze before 24 hours. The mixture shall not be applied when weather conditions prolong opening to traffic beyond a reasonable time.
************************************************************************************
The Engineer should not specify a lower permissible temperature range than that stated in paragraph 626-4.1, since slurry placed at lower temperatures usually will not cure properly due to poor dehydration and poor asphalt coalescence.
************************************************************************************
626-4.2 Equipment and tools. The Contractor shall furnish all equipment, tools, and machinery necessary for the performance of this work.
a. Slurry mixing equipment. The machine shall be specifically designed and manufactured to lay slurry seal. The material shall be mixed by a self-propelled slurry seal mixing machine of either truck mounted or continuous run design. Either type machine shall be able to accurately deliver and proportion the aggregate, emulsified asphalt, mineral filler, and water to a revolving mixer and discharge the mixed product on a continuous flow basis. The machine shall have sufficient storage capacity for materials to maintain an adequate supply to the proportioning controls.
If continuous run equipment is used, the machine shall be equipped to allow the operator full control of the forward and reverse speed of the machine during application of the slurry seal, with a self-loading device, with opposite side driver stations, all part of original equipment manufacturer design.
The aggregate shall be pre-wetted immediately prior to mixing with the emulsion. The mixing unit of the mixing chamber shall be capable of thoroughly blending all ingredients. No excessive mixing shall be permitted. The mixing machine shall be equipped with a fines feeder that provides an accurate metering device or method to introduce a predetermined proportion of mineral filler into the mixer at the same time and location that the aggregate is fed into the mixer.
The mixing machine shall be equipped with a water pressure system and fog-type spray bar adequate for complete fogging of the surface with an application of 0.05 to 0.10 gallon per square yard (0.23 to 0.45 liter per square meter) preceding the spreading equipment.
Sufficient machine storage capacity to mix properly and apply a minimum of 5 tons (4500 kg) of the slurry shall be provided. Proportioning devices shall be calibrated prior to placing the slurry seal.
b. Slurry spreading equipment. The mixture shall be spread uniformly by means of a conventional surfacing spreader box attached to the mixer and equipped to agitate and spread the material evenly throughout the box. A front seal shall be provided to ensure no loss of the mixture at the surface contact point. The rear seal shall act as the final strike-off and shall be adjustable. The spreader box and rear strike-off shall be designed and operated to produce a free flow of material of uniform consistency to the rear strike-off. The spreader box shall provide suitable means to side shift the box to compensate for variations in the pavement geometry. A burlap drag or other approved screed may be attached to the rear of the spreader box to provide a uniform mat.
c. Auxiliary equipment. Other tools or equipment such as brushes, hand squeegees, hose equipment, tank trucks, water distributors and flushers, power blowers, barricades, etc., shall be provided as required.
d. Roller. The roller, if required, shall be a self-propelled pneumatic-tired roller capable of exerting a contact pressure during rolling of 50 lb / sq inch (350 Newtons per square meter). It shall be equipped with a water spray system, to be used if the slurry is picking up on the tires during rolling.
e. Tack coat and distributor. Normally a tack coat is not required unless the surface to be covered is extremely dry and raveled or is concrete or brick. If required, the tack coat should consist of one part emulsified asphalt and three parts water. The emulsified asphalt may be the same as that used in the mix. Pressure distributors used for application of the diluted asphalt emulsion tack coat shall be self-propelled, equipped with pneumatic tires, and capable of uniformly applying 0.05 to 0.15 gallon per square yard (0.23 to 0.68 liter per square meter) of the diluted emulsion over the required width of application. Distributors shall be equipped with tachometers, pressure gauges, and volume-measuring devices. The tack coat shall be applied at least two (2) hours before the slurry seal but within the same day.
626-4.3 Equipment calibration. Each slurry mixing unit to be used on the project shall be calibrated in the presence of the Engineer prior to construction. Previous calibration documentation covering the exact materials to be used may be accepted by the Engineer provided they were made during the calendar year. The documentation shall include an individual calibration of each material at various settings, which can be related to the machine’s metering devices. No machine will be allowed to work on the project until the calibration has been completed and/or accepted by the Engineer.
626-4.4 Preparation of existing surface.  Clean pavement surface immediately prior to placing the seal coat by sweeping, flushing well with water leaving no standing water, or a combination of both, so that it is free of dust, dirt, grease, vegetation, oil or any type of objectionable surface film.  Remove oil or grease that has not penetrated the asphalt pavement by scraping or by scrubbing with a detergent, then wash thoroughly with clean water. After cleaning, treat these areas with the oil spot primer.  Any additional surface preparation, such as crack repair, shall be in accordance with paragraph 101-3.6.
626-4.5 Application of slurry seal surface treatment. The surface shall be prewet by fogging ahead of the slurry spreader box. Water used in prewetting the surface shall be applied at such a rate that the entire surface is damp with no apparent flowing water in front of the slurry spreader box. The slurry mixture shall be of the desired consistency when deposited on the surface, and no additional elements shall be added. Total time of mixing shall not exceed two (2) minutes. A sufficient amount of slurry shall be carried in all parts of the spreader box at all times so that complete coverage of all surface voids and cracks is obtained. Care shall be taken not to overload the spreader box which shall be towed at a slow and uniform rate not to exceed 5 miles per hour (8 km per hour). No lumping, balling, or unmixed aggregate shall be permitted. No segregation of the emulsion and fines from the coarse aggregate will be permitted. If the coarse aggregate settles to the bottom of the mix, the slurry shall be removed from the pavement surface. A sufficient amount of slurry shall be fed into the box to keep a full supply across the full width of the spreader box. The mixture shall not be permitted to overflow the sides of the spreader box. No breaking of the emulsion will be allowed in the spreader box. The finished surface shall have no more than four (4) tear or drag marks greater than 1/2 inch (12 mm) wide and 4 inch (100 mm) long in any 12-foot (3.7-m) by 22-foot (25-sq m) section. It shall have no tear or drag marks greater than 1 inch (25 mm) wide and 3 inch (15 mm) long.
The finished surface shall have no transverse ripples of 1/4 inch (6 mm) or more in depth, as measured with a 12-foot (3.7 meter) straightedge laid upon the surface.
Adjacent lanes shall be lapped at the edges a minimum of 2 inch (50 mm) with a maximum of 4 inch (100 mm) to provide complete sealing at the overlap. Construction longitudinal and transverse joints shall be neat and uniform without buildup, uncovered areas, or unsightly appearance. All joints shall have no more than 1/4 inch (6 mm) difference in elevation when measured across with a 12-foot (3.7 meter) straightedge.
************************************************************************************
Generally, where normal traffic will iron out the slurry and close any hairline cracks of dehydration, it is not necessary to roll a normal thickness, 1/4 inch (6 mm) or less, slurry seal. However, in some instances the somewhat lattice-like structure of the slurry should be densified by pneumatic-tire rolling to improve durability, such as areas subjected to severe braking or acceleration. Rolling of the slurry seal is at the option of the Engineer and, if required, shall be designated in the plans.
If rolling is required by the Engineer, the surface shall be subjected to a minimum of two full coverage passes by the roller. These rolling passes are to be done as soon as the slurry mixture will support the roller without damage. When the surface of the existing pavement is irregular or broken, it shall be repaired or brought to uniform grade and cross-section by patching as directed in the project plans. With the exception of standard debris cleaning, all other repairs, crack sealing, and required removal of materials shall be a line item in the bid and noted in the plans.
************************************************************************************
The fresh slurry seal application shall be protected by barricades and markers and permitted to dry for four (4) to 24 hours, depending on weather conditions. Any damage to uncured slurry shall be repaired at the expense of the Contractor.
In areas where the spreader box cannot be used, the slurry shall be applied by means of a hand squeegee. Upon completion of the work, the seal coat shall have no holes, bare spots, or cracks through which liquids or foreign matter could penetrate to the underlying pavement. The finished surface shall present a uniform and skid resistant texture satisfactory to the Engineer. All wasted and unused material and all debris shall be removed from the site prior to final acceptance.
Upon completion of the project, the Contractor shall sweep the finished surface with a conventional power rotary broom, to remove any potential loose material from the surface. The material removed by sweeping shall be disposed of in a manner satisfactory to the Engineer.
************************************************************************************
The cured slurry shall have a homogeneous appearance, fill all cracks, adhere firmly to the surface and have a skid resistant texture. The slurry seal will not stop shrinkage and other large thermal cracks from reflecting back through the new slurry surface.
************************************************************************************
626-4.6 Emulsion material (Contractor’s responsibility). Samples of the emulsion that the Contractor proposes to use, together with a statement as to its source, shall be submitted, and approval shall be obtained before using such material. The Contractor shall submit to the Engineer a manufacturer’s certified report for each consignment of the emulsion. The manufacturer’s certified report shall not be interpreted as a basis for final acceptance. All such reports shall be subject to verification by testing samples of the emulsion received for use on the project.
METHOD OF MEASUREMENT
626-5.1 The emulsified asphalt shall be measured by the [   gallon (liter)   ] [   ton (kg)   ]. The amount of emulsified asphalt to be paid for will be measured in gallons at 60°F (L at 16°C). Correct volumes measured at temperatures other than 60°F (16°C) in accordance with ASTM D1250 using a coefficient of expansion of 0.00025 per degree F (0.00045 per degree C) for asphalt emulsion. Only the actual quantity of undiluted emulsified asphalt will be measured for payment.
626-5.2 Aggregate shall be measured by the ton (kg) of dry aggregate.  Measurement of the materials shall be by approved weigh scales.
 BASIS OF PAYMENT
626-6.1 Payment shall be made at the contract unit price per [   gallon (liter)   ] [   (ton (kg)   ] for the emulsified asphalt and at the contract price per ton (kg) for aggregate [   and the contract unit price for crack sealing per linear foot   ] [   and the contract unit price for surface repair per ton (kg) or square measurement   ].
These prices shall be full compensation for furnishing all materials, for preparing, mixing, and applying these materials, and for all labor, equipment, tools, and incidentals necessary to complete the item.
Payment will be made under:
Item P-626-6.1	Emulsified Asphalt for Slurry Coat - per [   gallon (liter)   ] [   ton (kg)   ]
Item P-626-6.2	Aggregate - per ton (kg) of dry aggregate.
[   Item P-626-6.3	Emulsified Asphalt for Tack Coat - per [   gallon (liter)   ] [   ton (kg)   ]
TESTING REQUIREMENTS
ASTM C88	Standard Test Method for Soundness of Aggregates by Use of Sodium Sulfate or Magnesium Sulfate
ASTM C117	Standard Test Method for Materials Finer than 75-μm (No. 200) Sieve in Mineral Aggregates by Washing
ASTM C128	Standard Test Method for Density, Relative Density (Specific Gravity), and Absorption of Fine Aggregate
ASTM C131	Standard Test Method for Resistance to Degradation of Small-Size Coarse Aggregate by Abrasion and Impact in the Los Angeles Machine
ASTM C136	Standard Test Method for Sieve or Screen Analysis of Fine and Coarse Aggregates
ASTM D75	Standard Practice for Sampling Aggregates
ASTM D2419	Standard Test Method for Sand Equivalent Value of Soils and Fine Aggregate
ISSA A-105	Recommended Performance Guidelines for Emulsified Asphalt Slurry Seal
ISSA TB-100	Test Method for Wet Track Abrasion of Slurry Surfacing Systems
ISSA TB-106	Test Method for Measurement of Slurry Seal Consistency
ISSA TB-111	Outline Guide Design Procedure for Slurry Seal
ISSA TB-115	Determination of Slurry System Compatibility
MATERIAL REQUIREMENTS
ASTM D242	Standard Specification for Mineral Filler for Bituminous Paving Mixtures
ASTM D977	Standard Specification for Emulsified Asphalt
ASTM D2397	Standard Specification for Cationic Emulsified Asphalt
END OF ITEM P-626
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[bookmark: _Toc393451403]Item P-629 Thermoplastic Coal Tar Emulsion Surface Treatments
Description
************************************************************************************
This type of surface treatment is approved for use on general aviation airports serving small airplanes 12,500 lbs (5670 kg) or less.  The Engineer, with FAA approval, may specify this item for airports serving airplanes 60,000 lbs (27216 kg) or less.
With growing environmental/safety regulations, more states and local authorities are prohibiting the use of coal tar products. The Engineer must verify the selected materials comply with local authority requirements.
************************************************************************************
629-1.1. This item shall consist of an application of a thermoplastic resin coal tar emulsion [   Micro-Surface,   ] [   Sand Slurry Seal,   ] [   Spray Seal Coat,   ] applied to an existing, previously prepared asphalt surface, including airport pavements serving small airplanes [   12,500 lbs (5670 kg) or less   ], roads, and other general applications. Thermoplastic resin coal tar emulsion products provide a fuel-resistant surface where pavements are subjected to fuel spills.  Thermoplastic resin coal tar emulsion products assist in pavement preservation through reducing the rate of pavement oxidation. The application of the surface treatment shall be in accordance with these specifications and shall conform to the dimensions shown on the plans or as directed by the Engineer.
Materials
629-2.1 Thermoplastic coal tar emulsion.  The emulsion material shall be a thermoplastic coal tar emulsion made up of plastic resin and emulsified coal tar pitch.  The thermoplastic coal tar emulsion shall be manufactured as a complete product and tested at the manufacturing plant for material certification.  The water content of the emulsion shall not exceed 48% ±1% when tested in accordance with ASTM D244, paragraph 3.  
A dried film shall contain a minimum of 89% of a combination of plastic resin and coal tar with the remaining percentage being inorganic filler.  The dried emulsion shall have a softening point greater than 212°F (100°C) when tested in accordance with ASTM D36.  A film of the dried emulsion material, 8 mils thick, shall stretch to five (5) times its original length at 70°F (21°C) without breaking, and recover 35% of this length in one minute. 
629-2.2 Material certification.  The Contractor shall furnish the manufacturer’s certification that each consignment of thermoplastic coal tar emulsion shipped to the project meets the requirements indicated in 629-2.1 and elsewhere in this specification. The Certification shall include actual results of each test and date of when test was performed.  The Contractor shall submit a certification that the material proposed has been in field use for a minimum of two (2) years.
629-2.3 Fuel resistance testing.  The cured thermoplastic coal tar emulsion sample must pass the fuel-resistance test outlined in Appendix A.
629-2.4 Water.  The water used in mixing shall be potable and free from harmful soluble salts.  The temperature of the water added during mixing shall be at least 50°F (10°C).  The pH of the water added during mixing shall conform to the requirements of the thermoplastic coal tar emulsion manufacturer.
629-2.5 Handling and storage.  The mixture shall be continuously agitated from the time it had been mixed until its application on the pavement surface. The distributor or applicator, pumps and all tools shall be maintained in satisfactory working condition.  Spray bar nozzles, pumps, or other equipment can be cleaned mechanically or with clean water.
629-2.6 Health, safety, and environment. The Contractor must provide a complete Material Safety Data Sheet (MSDS) in accordance with U.S. Department of Labor, Occupational Safety and Health Administration (OSHA), Regulations (Standards – 29 CFR), 1910.1200 which establishes the requirement and minimum information for the MSDS for hazardous materials.  The MSDS, Section II, shall include the Chemical Abstracts Service (CAS) registry numbers for all applicable hazardous ingredients in the coal tar emulsion product. The Contractor must provide the manufacturer’s certification that the product complies with the Code of Federal Regulation (CFR) Title 40 – Protection of Environment. The manufacturer’s certification shall address compliance for Air Programs, Part 59, National Volatile Organic Compound Emission Standards for Consumer and Commercial Products (for the airport location) and Water Programs, Part 116, Designation of Hazardous Substances.
Composition and Application
[      ]
***************************************************
The Engineer shall select one of the following options for paragraphs 629-3.0 to 629-3.3 based on whether the project is for (1) Thermoplastic Coal Tar Emulsion [   Micro-Surface Type A   ] [   Micro-Surface Type B   ], (2) Thermoplastic Coal Tar Emulsion Slurry Seal, or (3) Spray Seal Coat [   with   ] [   without   ] Sand Aggregate.


FOR THERMOPLASTIC COAL TAR EMULSION MICRO-SURFACE, INSERT THE FOLLOWING PARAGRAPHS FOR PARAGRAPH 629-3.0 TO 629-3.3:


629–3.0 Thermoplastic coal tar emulsion micro-surface.
************************************************************************************
Type A Aggregate Thermoplastic Coal Tar Emulsion Micro-Surface generally can be used for:
· Existing pavements that are moderately rough and raveled and require a substantially improved surface profile or wearing surface.
· Pavements that may require improvement of skid-resistance.
· Areas that require wear protection, oxidation protection and chemical/fuel resistance.
Type B Aggregate Thermoplastic Coal Tar Emulsion Micro-Surface generally can be used for:
· Existing pavements that are raveled or smooth and require an improved surface profile or wearing surface.
· Pavements that may require improvement of skid-resistance.
· Areas that require wear protection, oxidation protection and chemical/fuel resistance.
************************************************************************************
629-3.1 Quantities of materials per square yard.  Based on the data in this specification, the Contractor shall submit the proportions of water, thermoplastic coal tar emulsion, and aggregate proposed for use to the Engineer for approval prior to the start of operations.  A copy of the mix design and test data required by this specification shall be submitted to the Engineer for approval along with the above information.  No thermoplastic coal tar emulsion micro-surface shall be produced for payment until a job mix formula has been approved in writing by the Engineer.
The approximate amounts of materials per square yard (square meter) for the micro-surface treatment shall be as provided in the Application Rate table.  
Application Rate
	Aggregate Type
	Composition i
lbs/gal (kg/l)
	Application Rate ii lb/yd2 (kg/m2)

	A
	21-23
(2.52-2.75)
	8
(4.34)

	B
	19-21
(2.28-2.52)
	6.5
(3.53)


i.	Aggregate (lbs) shall be mixed homogeneously with the thermoplastic coal tar emulsion (gals).
ii.	Minimum application rate of uncured thermoplastic coal tar emulsion micro-surface.
629-3.2 Aggregate. The aggregate shall consist of sound, durable crushed igneous type stone (crushed basalt, granite, trap rock, etc.), be free from films of matter that would prevent thorough coating and bonding with the bituminous material and free from coatings of clay, organic matter, and other deleterious materials.  The percentage of wear shall not be greater than 35% when tested in accordance with ASTM C131. The aggregate shall meet the gradation in the table below for Type A and for Type B when tested in accordance with ASTM C136.
The Contractor shall provide a certification showing particle size analysis and properties of the material delivered for use on the project.  
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Aggregate Material Gradation Requirements
	Sieve Designation
(square openings)
	Percentage by Weight
Passing Sieves

	
	Type A
	Type B

	No. 4 (4.75mm)
No. 8 (2.38 mm)
No. 16 (1.19 mm)
No. 30 (0.60 mm)
No. 50 (0.30 mm)
No. 100 (0.15 mm)
No. 200 (0.07 mm)
	100
75-95
50-75
30-65
20-50
15-25
5-20
	100
95-100
75-95
35-65
20-45
10-20
10-20



629-3.3 Application 
a. Application of tack coat. After preparation of the pavement and acceptance by the Engineer, the tack coat shall be applied to the pavement surface only where micro-surface will be applied.  Apply a tack coat of thermoplastic coal tar emulsion diluted with 50% water at the rate of 0.10 gallons of mix per square yard (0.45 l/m2).  
b. Application of micro-surface.  The surface shall be pre-wet by fogging ahead of the spreader box.  Water used in pre-wetting the surface shall be applied at such a rate that the entire surface is damp with no apparent flowing water in front of the spreader box.  If temperatures are in the colder acceptable range the rate of fogging may be decreased.  The mixture shall be of the desired consistency when deposited on the surface, and no additional elements shall be added.  A sufficient amount of mixture shall be carried in the spreader box at all times so that even distribution is obtained.  No clumped or unmixed aggregate shall be permitted.  No segregation of the emulsion and aggregate fines from the coarse aggregate will be permitted.  
Upon completion of the work, the thermoplastic coal tar emulsion micro-surface shall have no bare spots or cracks through which liquids or foreign matter could penetrate to the underlying pavement.  The finished surface shall present a uniform texture. 
In areas where the spreader box cannot be used, the thermoplastic coal tar emulsion micro-surface shall be applied by a means of a hand squeegee. 


FOR THERMOPLASTIC COAL TAR EMULSION SAND SLURRY SEAL, INSERT THE FOLLOWING PARAGRAPHS FOR PARAGRAPH 629-3.0 TO 629-3.3:


629–3.0 Thermoplastic coal tar emulsion sand slurry seal.
629-3.1 Quantities of materials per square yard.  Based on the data in this specification, the Contractor shall submit the proportions of water, thermoplastic coal tar emulsion, and aggregate proposed for use to the Engineer for approval prior to the start of operations.  A copy of the mix design and test data required by this specification shall be submitted to the Engineer for approval along with the above information.  No thermoplastic coal tar emulsion sand slurry seal shall be produced for payment until a job mix formula has been approved in writing by the Engineer.
Application Rate
	Composition i
lbs/gal (kg/l)
	Application Rate ii 
lb/yd2 (kg/m2)

	15-17
(1.80-2.04)
	4
(2.17)


i.	Aggregate (lbs) shall be mixed homogeneously with the thermoplastic coal tar emulsion (gals).
ii.	Minimum application rate of uncured thermoplastic coal tar emulsion sand slurry seal.
629-3.2 Aggregate. The aggregate shall consist of sound, durable crushed igneous type stone (crushed basalt, granite, trap rock, etc.), clean washed masonry sand, or clean washed silica sand, be free from films of matter that would prevent thorough coating and bonding with the bituminous material and free from coatings of clay, organic matter, and other deleterious materials.  Aggregate shall have a Mohs hardness of 6 to 8. The aggregate shall meet the gradation in the table below when tested in accordance with ASTM C136.
The Contractor shall provide a certification showing particle size analysis and properties of the material delivered for use on the project.  The Contractor’s certification may be subject to verification by testing the material delivered for use on the project. 

Aggregate Material Gradation Requirements
	Sieve Designation
(square openings)
	Percentage by Weight
Passing Sieves

	No. 4 (4.75mm)
No. 8 (2.38 mm)
No. 16 (1.19 mm)
No. 30 (0.60 mm)
No. 50 (0.30 mm)
No. 100 (0.15 mm)
No. 200 (0.07 mm)
	100
90-100
75-100
55-85
30-55
0-20
0-5


629-3.3 Application.  
a. Application of tack coat.  After preparation of the pavement and acceptance by the Engineer, the tack coat shall be applied to the pavement surface only where thermoplastic coal tar emulsion sand slurry seal will be applied.  Apply a tack coat of thermoplastic coal tar emulsion diluted with 50% water at the rate of 0.10 gallons of mix per square yard (0.45 l/m2).  
b. Application of sand slurry seal.  The Surface shall be pre-wet by fogging ahead of the spreader box.  Water used in pre-wetting the surface shall be applied at such a rate that the entire surface is damp with no apparent flowing water in front of the spreader box.  The mixture shall be of the desired consistency when deposited on the surface, and no additional elements shall be added.  A sufficient amount of mixture shall be carried in the spreader box at all times so that even distribution is obtained.  No clumped or unmixed aggregate shall be permitted.  No segregation of the thermoplastic coal tar emulsion and aggregate fines from the coarse aggregate will be permitted.  
Upon completion of the work, the thermoplastic coal tar emulsion sand slurry seal shall have no bare spots or cracks through which liquids or foreign matter could penetrate to the underlying pavement.  The finished surface shall present a uniform texture. 
In areas where the spreader box cannot be used, the thermoplastic coal tar emulsion sand slurry seal shall be applied by a means of a hand squeegee.


FOR THERMOPLASTIC COAL TAR EMULSION SPRAY SEAL COAT [   WITH   ] [   WITHOUT   ] SAND AGGREGATE, INSERT THE FOLLOWING FOR PARAGRAPH 629-3.0 TO 629-3.3: 


629–3.0 Thermoplastic coal tar emulsion spray seal coat [   with   ] [   without   ] sand aggregate. 
************************************************************************************
Thermoplastic coal tar emulsion spray seal coat treatments may be used for taxiways and runways with the application of a suitable aggregate to maintain adequate surface friction; airfield secondary and tertiary pavements including shoulders, overruns, roads, parking areas, and other general applications with or without aggregate applied. The thermoplastic coal tar emulsion spray seal coat may be applied to new asphalt pavement and pavements in fair or better condition as defined in ASTM D5340 or advisory circular (AC) 150/5320-17, Airfield Pavement Surface Evaluation and Rating (PASER) Manuals.  A thermoplastic coal tar emulsion spray seal coat without aggregate, more commonly called a “fog seal”, can be considered for use on pavements with low to moderate weathered surfaces as defined by ASTM D5340. 
************************************************************************************
629-3.1 Quantities of materials per square yard.  Based on the data in this specification, the Contractor shall submit the proportions of water, thermoplastic coal tar emulsion, and aggregate proposed for use to the Engineer for approval prior to the start of operations.  A copy of the test data required by this specification shall be submitted to the Engineer for approval along with the above information.  No thermoplastic coal tar emulsion spray seal coat shall be produced for payment until approved in writing by the Engineer.
Application Rate without Aggregate
	Composition

	Application Rate
gal/yd² (L/m²)

	75% thermoplastic coal tar emulsion and 25% water 
(±5%)
	0.15-0.25
(0.081-0.136)


Application Rate with Aggregate
	Application Coat(s)
	Composition i
lbs/gal (kg/L)
	Application Rate ii
Per Coat
gal/yd² (L/m²)
	Total Application Rate ii
gal/yd² (L/m²)

	1 
	6
(0.72)
	0.20-0.30
(0.76-1.14)”
	0.20-0.30
(0.76-1.14)”

	2
	3
(0.36)
	0.10-0.15
(0.38-0.57)
	0.20-0.30
(0.76-1.14)”


i.	Aggregate (lbs) shall be mixed with the undiluted thermoplastic coal tar emulsion (gals).
ii.	Minimum application rate of uncured thermoplastic coal tar emulsion spray seal coat.
629-3.2 Aggregate.  The aggregate material shall be a dry, clean, dust and dirt free, sound, durable, angular shaped manufactured specialty sand, such as that used as an abrasive, with a Mohs hardness of 6 to 8.  The Contractor shall submit manufacturer’s technical data and a manufacturer’s certification indicating that the specialty sand meets the requirements of the specification to the Engineer prior to bid.  The sand must be approved for use by the Engineer and shall meet the following gradation limits: 
Aggregate Material Gradation Requirements
	Sieve Designation
(square openings)
	Percentage by Weight
Retained Sieves

	No. 20 (0.84 mm)
No. 30 (0.60 mm)
No. 40 (0.42 mm)
No. 50 (0.30 mm)
No. 70 (0.21 mm)
No. 100 (0.15 mm)
No. 140 (0.106 mm)
No. 200 (0.07 mm)
Finer than No. 200
	0-2
0-12
2-60
5-60
5-60
5-30
0-10
0-2
0-0.3


The Contractor shall provide a certification showing particle size analysis and properties of the material delivered for use on the project.  The Contractor’s certification may be subject to verification by testing the material delivered for use on the project. 
************************************************************************************
The gradations in the table represent the limits in determining aggregate suitability for use in the thermoplastic coal tar emulsion spray seal.  The sand gradation used, within the limits designated in the table, shall provide sufficient friction levels to meet or exceed the Maintenance Planning Friction Level in Table 3-2, “Friction Level Classification for Runway Pavement Surfaces” of AC 150/5320-12, Measurement, Construction, and Maintenance of Skid Resistant Airport Pavement Surfaces.
************************************************************************************
629-3.3 Application.  
a. Pavement surfaces which have excessive runoff of seal coat due to excessive amount of material being applied or excessive surface grade shall be treated in two or more applications to the specified application rate at no additional cost to the Owner. Each additional application shall be performed after the prior application of material has penetrated into the pavement.
If low spots and depressions greater than 1/2 inch (12 mm) in depth in the pavement surface cause ponding or puddling of the applied materials, the pavement surface shall be broomed with a broom drag. Brooming shall continue until the pavement surface is free of any pools of excess material. Ponding and/or puddling shall not cause excessive pavement softening and/or additional distress.  The Engineer shall inspect and approve areas after brooming.
During all applications, the surfaces of adjacent structures shall be protected to prevent their being spattered or marred.  Thermoplastic coal tar emulsion materials shall not be discharged into borrow pits or gutters.
***************************************************
629-3.4 Friction characteristics.  For projects where thermoplastic coal tar emulsion spray seal coat is applied on runway and taxiway surfaces, the Contractor shall submit to the Engineer friction tests, from previous airport projects which used the thermoplastic coal tar emulsion spray seal coat in a similar environment, in accordance with AC 150/5320-12, at 40 or 60 mph (65 or 95 km/h) wet, showing, as a minimum; friction value of pavement surface prior to thermoplastic coal tar emulsion spray seal coat application; two values, tested between 24 and 96 hours after application, with a minimum of 24 hours between tests; and one value tested at no less than 180 days or greater than 360 days after the thermoplastic coal tar emulsion spray seal coat application. The results of the two tests between 24 and 96 hours shall indicate friction is increasing at a rate to obtain similar friction value of the pavement surface prior to application, and the long term test shall indicate no apparent adverse effect with time relative to friction values and existing pavement surface. The Contractor shall submit to the Engineer a list of airports which meet the above requirements, as well as technical details on application rates, aggregate rates, and point of contact at these airports to confirm use and success of thermoplastic coal tar emulsion spray seal coat with aggregate. Friction tests shall be submitted from no less than one of the airports on the list and each set of tests described above, must be from one project. 
The thermoplastic coal tar emulsion spray seal coat submittal without the required friction performance will not be approved. Friction tests performed on this project cannot be used as a substitute of this requirement.
Construction Methods
629-4.1 Worker safety. The thermoplastic coal tar emulsion surface treatment product shall be handled with caution. The Contractor shall obtain a MSDS for both the thermoplastic coal tar emulsion product and sand and require workmen to follow the manufacturer’s recommended safety precautions.
629-4.2 Weather limitations.  The material shall not be applied when the humidity or impending weather conditions will not allow proper drying or when the atmospheric or pavement temperature is below 50°F (10°C), unless otherwise directed by the Engineer.
During application of thermoplastic coal tar emulsion surface treatment, account for wind drift.  Cover existing buildings, structures, runway edge lights, taxiway edge lights, informational signs, retro-reflective marking and in-pavement duct markers as necessary to protect against overspray before applying the emulsion.  Should thermoplastic coal tar emulsion surface treatment get on any light or marker fixture, promptly clean the fixture.  If cleaning is not satisfactory to the Engineer, the Contractor shall replace any light, sign or marker with equivalent equipment at no cost to the Owner.
629-4.3 Application equipment
a. Mobile mixing machine [   for micro-surface and sand slurry seal versions only   ].  The mobile mixing machine shall be a truck-mounted mobile mixing plant with a towed-type spreader box.  It shall have a water tank and water pump capable of delivering a constant volume of water.
The mobile mixing machine shall have an agitated storage tank for the thermoplastic coal tar emulsion and a non-shearing peristaltic pump with variable rate of flow for the delivery of this material. The mobile mixing machine shall have a hopper for holding aggregate, supplying this material to the mixing chamber by a conveyor belt.  The rate of aggregate delivery shall be volumetrically controlled by an adjustable gate opening.  The speed of the conveyor shall be mechanically dependent upon the speed of the peristaltic pump.
The mobile mixing machine shall be a continuous-flow mixing unit capable of delivering predetermined quantities of thermoplastic coal tar emulsion, aggregate, and if necessary water, to the mixing chamber and discharging the thoroughly mixed material on a continuous basis. The mobile mixing machine shall deliver the materials to the mixing chamber in a constant proportion in a manner not dependent on power plant or vehicle speed.  The machine shall be equipped with a water spray bar capable of fogging the pavement surface to aid in the application process.
Attached to the mixing machine shall be a mechanical-type squeegee distributor, equipped with flexible material in contact with the surface to prevent loss of material from the distributor. It shall be maintained to prevent loss of micro-surfacing on varying grades and adjusted to assure uniform spread. The spreader box may have an adjustable width.  
b.	Batch mixing machine.  The batch-mixing machine shall be either a truck-mounted 500 to 3,000 gallon (1893 to 11356 liter) tank or a self-propelled batch mixing machine 300 to 1000 gallons (1136 to 3785 liters) containing suitably driven mixing blades to combine predetermined quantities of thermoplastic emulsion, aggregate if specified and if necessary, water into a homogeneous mixture.  It shall be equipped with a water tank and diaphragm style pump capable of delivering a constant volume of material to a spray wand or spray bar. The device shall have a bottom ball valve of 3 inches (75 mm) diameter capable of delivering material to a squeegee spreader or a drag box.  
c.	Auxiliary equipment.  Other tools or equipment such as power brooms, power blowers, air compressors, hand brooms, hand squeegees, etc., shall be provided as required.
629-4.4 Test areas and test sections.  A qualified manufacturer’s representative shall be present in the field to assist the Contractor in applying test areas and/or test sections to determine the optimum application rate.  A test area and/or section shall be applied for each differing hot mix asphalt (HMA) pavement surface identified in the project.  The test area(s) and/or test section(s) shall be used to determine the material application rate(s) prior to full production.  The same equipment and method of operation shall be utilized on the test area(s) and/or test section(s) as will be utilized on the remainder of the work.
a.	For Taxiway, taxilane and apron surfaces.  Prior to full application, the Contractor shall place test areas at varying application rates as specified by the manufacturer’s representative and Engineer to determine application rate(s).  The test areas will be located on representative section(s) of the pavement to receive the Thermoplastic coal tar emulsion spray seal coat designated by the Engineer.
b. For spray seal coat on runway and taxiway surfaces.  Prior to full application, the Contractor shall place a series of test sections a minimum of 300 feet (90 m) long by 12 feet (3.6 m) wide, or width of anticipated application, whichever is greater, at varying application rates as stipulated by the manufacturer’s representative and Engineer to determine application rate(s).  The area to be tested will be located on a representative section of the pavement to receive the Thermoplastic coal tar emulsion spray seal coat designated by the Engineer.  Before beginning the test section(s), the skid resistance of the existing pavement shall be determined for each test section with a continuous friction measuring equipment (CFME).  The skid resistance test after application shall be at approximately the same location as the test done on the existing pavement. The Contractor may begin testing the skid resistance of runway and taxiway test sections after application of the Thermoplastic coal tar emulsion spray seal has fully cured.  Aircraft shall not be permitted on the runway or taxiway test sections for a minimum of 24 hours and until such time as the Contractor validates that its surface friction meets AC 150/5320-12.  The results of the friction evaluation meet or exceed the Maintenance Planning levels provided in Table 3-2, “Friction Level Classification for Runway Pavement Surfaces,” in AC 150/5320-12, Measurement, Construction, and Maintenance of Skid-resistant Airport Pavement Surfaces, when tested at speeds of 40 and 60 mph (65 and 95 km/h) wet with approved CFME. 
If the test section should prove to be unsatisfactory, necessary adjustments to the application rate, placement operations, and equipment shall be made.  Additional test sections shall be placed and additional skid resistance tests performed and evaluated.  Full production shall not begin without the Engineer’s approval of an appropriate application rate(s).  Acceptable test sections shall be paid for in accordance with paragraph 629-8.1. 
************************************************************************************
The test section affords the Contractor and the Engineer an opportunity to determine the quality of the mixture in place as well as the performance of the equipment.
The application rate depends on the surface texture.
If operational conditions preclude placement of a test section on the pavement to be treated, it may be applied on a pavement with similar surface texture.
The only test required on the composite mix placed in the field is the viscosity test. The fuel resistance test may be specified, however, this test takes 96 hours to run.
For projects calling for application of the thermoplastic coal tar emulsion surface treatment on runway and taxiway, the Engineer shall document skid resistance in accordance with AC 150/5320-12, Measurement, Construction, and Maintenance of Skid-Resistant Airport Pavement Surfaces, prior to full application.
************************************************************************************
629-4.5 Preparation of asphalt pavement surfaces. Clean pavement surface immediately prior to placing the seal coat by sweeping, flushing well with water leaving no standing water, or a combination of both, so that it is free of dust, dirt, grease, vegetation, oil or any type of objectionable surface film.  Remove oil or grease that has not penetrated the asphalt pavement by scraping or by scrubbing with a detergent, then wash thoroughly with clean water. After cleaning, treat these areas with the oil spot primer.  Any additional surface preparation, such as crack repair, shall be in accordance with paragraph 101-3.6.
629-4.6 Application.  Application shall be in accordance with paragraph 629-3.3.
629-4.7 Curing.  The mixture shall be permitted to dry for a minimum of 24 hours after the application, before opening to traffic or painting, and shall be sufficiently cured to drive over without damage to the installation.  Any damage to the uncured mixture will be the responsibility of the Contractor to repair.
Quality Control
629-5.1 Manufacturer’s representation.  The manufacturer’s representative shall have knowledge of the material, procedures, and equipment described in the specification and shall be responsible for determining the application rates and shall oversee the preparation and application of the thermoplastic coal tar emulsion surface treatment.  Documentation of the manufacturer representative’s experience and knowledge for applying the thermoplastic coal tar emulsion surface treatment shall be furnished to the Engineer a minimum of 10 work days prior to placement of the test sections. The cost of the manufacturer’s representative shall be included in the bid price.
629-5.2 Contractor qualifications.  The Contractor shall provide the Engineer contractor qualifications for applicators, personnel and equipment.  The Contractor shall also provide, from the thermoplastic coal tar emulsion Manufacturer, documentation that the Contractor is certified to apply the thermoplastic coal tar emulsion surface treatment. Contractor shall provide documentation for at least three (3) applications similar to this project completed in the past two (2) years.
MATERIAL ACCEPTANCE
629-6.1 Friction tests.  Friction Test in accordance with AC 150/5320-12, Measurement, Construction, and Maintenance of Skid-Resistant Airport Pavement Surfaces, shall be accomplished on all runway and taxiways that have received a seal coat.  The Contractor shall coordinate testing with the Engineer. Each test includes performing friction tests at 40 mph and 60 mph (65 and 95 km/h) both wet, 15 feet (4.5 m) to each side of runway centerline. Friction test shall be run within 30 days prior to application of the seal coat to runway and/or high-speed taxiways and after application of the seal coat. The Engineer shall be present for testing. The Contractor shall provide a written report of friction test results.
Method of Measurement
629-7.1 Measurement.  The Thermoplastic Coal Tar Emulsion [   Micro-Surface Type A   ] [   Micro-Surface Type B   ] [   Sand Slurry Seal   ] [   Spray Seal Coat with Sand Aggregate   ] [   Spray Seal Coat without Sand Aggregate   ] shall be measured by the actual square yardage of the area indicated on the contract drawings or designated by the Engineer.
Basis of Payment
629-8.1 Payment.  Payment shall be made at the contract unit price per square yard (square meter) for the Thermoplastic Coal Tar Emulsion [   Micro-Surface Type A   ] [   Micro-Surface Type B   ] [   Sand Slurry Seal   ] [   Spray Seal Coat with Sand Aggregate   ] [   Spray Seal Coat without Sand Aggregate   ].  This price shall fully compensate the Contractor for furnishing all materials and for all labor, equipment tools and incidentals necessary to complete the thermoplastic coal tar emulsion product installation, including mix design and data sheets stipulated in these specifications.
Payments will be made under:
Item P-629-8.1 Thermoplastic coal tar emulsion [   Micro-Surface Type A   ] [   Micro-Surface Type B   ] [   Sand Slurry Seal   ] [   Spray Seal Coat with Sand Aggregate   ] [   Spray Seal Coat without Sand Aggregate   ] –per square yard [   square meter   ].
[   Item P-629-8.2 Runway and High Speed Exit Taxiway Friction Testing – per lump sum   ]
TESTING REQUIREMENTS
The publications listed below form a part of this specification to the extent referenced.  The publications are referred to in this text by basic designation only.
29 CFR Part 1910.1200	Hazard Communication
ASTM C67	Standard Test Method for Sampling and Testing Brick and Structural Clay Tile
ASTM C131	Standard Test Method for Resistance to Degradation of Small-Size Coarse Aggregate by Abrasion and Impact in the Los Angeles Machine
ASTM C136	Standard Test Method for Sieve or Screen Analysis of Fine and Coarse Aggregates
ASTM D3699	Standard Specification for Kerosene
ASTM D36	Standard Test Method for Softening Point of Bitumen (Ring-and-Ball Apparatus)
ASTM D244	Standard Test Methods and Practices for Emulsified Asphalts
ASTM D5340	Standard Test Method for Airport Pavement Condition Index Surveys
AC 150/5320-12 	Measurement, Construction, and Maintenance of Skid-Resistant Airport Pavement Surfaces
AC 150/5320-17	Airfield Pavement Surface Evaluation and Rating (PASER) Manuals
Appendix A

FUEL RESISTANCE TEST
TEST METHODS CRITERION
1. Scope
This method determines the resistance of the thermoplastic coal tar emulsion surface treatment to kerosene. 
2. Apparatus
2.1	Two 6″  6″ (150 mm  150 mm) square 16 gauge sheet metal masks with a 4″  4″ (100 mm  100 mm) square center removed. 
2.2	6″  6″ (150 mm  150 mm) unglazed white ceramic tile with an absorption rate of 10‑18% (determined in accordance with ASTM C67).
2.3	Brass ring, 2″ (50 mm) diameter and 2″ (50 mm) high.
2.4	Kerosene meeting requirements of ASTM D3699.  
2.5	Silicone rubber sealant. 
3. Procedure
3.1	Immerse the ceramic tile in distilled water for a minimum of ten minutes.
3.2	Remove excess water from the tile to produce a damp surface before applying the thermoplastic coal tar emulsion surface treatment. 
3.3	Using the mask described in 2.1 apply thermoplastic coal tar emulsion surface treatment as specified to the tile.  Spread even with the top of the mask using a spatula or other straightedge.
3.4	Allow the sample to cure for 96 hours at 77 ±2°F. and 50 ±10% relative humidity. 
3.5	After curing, affix the brass ring to the thermoplastic coal tar emulsion surface treatment on the tile with silicone rubber sealant. 
3.6	Fill the brass ring with kerosene. 
3.7	After 24 hours, remove the kerosene from the brass ring, blot dry and immediately examine the film for softness and loss of adhesion.  Immediately after the film is examined, break the tile in half, exposing that part of the tile whose film was subjected to the kerosene.
3.8	Evaluate for penetration of kerosene through the thermoplastic coal tar emulsion surface treatment and loss of adhesion. 
4. Report
4.1	Report the results as pass or fail.  Visible evidence of leakage or discoloration shall constitute failure of the fuel resistance test. 
5.	Criterion:	A “pass” rating in the fuel resistance test is required prior to full production.
END OF ITEM P-629
Intentionally Left Blank


[bookmark: _Toc393451404]Item P-630 Refined Coal Tar Emulsion Without Additives, Slurry Seal Surface Treatment
************************************************************************************
This type of surface treatment is approved for use on general aviation airports serving small airplanes 12,500 lbs (5670 kg) or less.  The Engineer, with FAA approval, may specify this item for airports serving airplanes 60,000 lbs (27216 kg) or less.
With growing environmental/safety regulations, more states and local authorities are prohibiting the use of coal tar products. The Engineer must verify the selected materials comply with local authority requirements.
************************************************************************************
630-1.1 This item shall consist of a mixture of emulsified asphalt, mineral aggregate, and water properly proportioned, mixed, and spread on an asphalt pavement surface, including airport pavements serving [   small   ] airplanes [   12,500 lbs (5670 kg) or less,    ] roads, and other general applications.  The purpose of this refined coal tar emulsion product is to provide a fuel-resistant surface where pavements are subjected to fuel spills. The application of the surface treatment shall be in accordance with these specifications and shall conform to the dimensions shown on the plans or as directed by the Engineer 
630-1.2 General. This item shall consist of a mixture of refined coal tar emulsion, mineral aggregate, and water properly proportioned, mixed, and applied as a slurry seal on new or existing (aged) asphalt concrete pavement.
MATERIALS
630-2.1 Refined coal tar emulsion. A refined coal tar emulsion prepared from a high temperature refined coal tar conforming to the requirements of ASTM D490 for grade 11-12. The use of oil and water gas tar is not allowed. Base refined coal tar emulsion must conform to all requirements of ASTM D5727.
a. Health, safety, and environment. The Contractor must provide a complete Material Safety Data Sheet (MSDS) in accordance with U.S. Department of Labor, Occupational Safety and Health Administration (OSHA), Regulations (Standards – 29 CFR), 1910.1200 which establishes the requirement and minimum information for the MSDS for hazardous materials.  The MSDS, Section II, shall include the Chemical Abstracts Service (CAS) registry numbers for all applicable hazardous ingredients in the coal tar emulsion product. The Contractor must provide the manufacturer’s certification that the product complies with the Code of Federal Regulation (CFR) Title 40 – Protection of Environment. The manufacturer’s certification shall address compliance for Air Programs, Part 59, National Volatile Organic Compound Emission Standards for Consumer and Commercial Products (for the airport location) and Water Programs, Part 116, Designation of Hazardous Substances.
630-2.2 Aggregate. The aggregate shall be washed dry silica sand or boiler slag free of dust, trash, clay, organic materials or other deleterious substances. The aggregate shall meet the gradation requirements below when tested in accordance with ASTM C136.
[bookmark: _Toc300303600]Gradation Of Aggregates*
	Sieve Size
	Percent Retained

	
	Minimum
	Maximum

	#20 or coarser
	(0.850 mm)
	0
	2

	#30
	(0.600 mm)
	0
	12

	#40
	(0.425 mm)
	2
	60

	#50
	(0.300 mm)
	5
	60

	#70
	(0.212 mm)
	5
	60

	#100
	(0.150 mm)
	5
	30

	#140
	(0.106 mm)
	0
	10

	#200
	(0.075 mm)
	0
	2

	Finer than #200
	
	0
	0.3


* Table represents the maximum range of aggregate gradations. In all cases the refined coal tar emulsion supplier is to give written approval of the aggregate used in the mix design.
630-2.3 Water. Water for mixing shall be potable, free of harmful soluble salts and at least 50°F (10°C). The pH of the water shall conform to the requirements of the coal tar emulsion manufacturer. 
630-2.4 Crack sealant. Crack sealant shall be certified for compatibility with the refined coal tar emulsion by the manufacturer of the refined coal tar emulsion, and approved by the Engineer.
630-2.5 Oil spot primer. Oil spot primer shall be certified for compatibility with the refined coal tar emulsion by the manufacturer of the refined coal tar emulsion, and approved by the Engineer.
630-2.6 Pavement primer. Pavement primer shall be certified for compatibility with the refined coal tar emulsion by the manufacturer of the refined coal tar emulsion, and approved by the Engineer.
COMPOSITION AND APPLICATION
630-3.1 Composition. The refined coal tar emulsion seal coat is to consist of a mixture of refined coal tar emulsion, water and aggregate, and be proportioned as shown in the table below titled “Composition of Mixture Per 100 Gallons (379 Liters) of Refined Coal Tar Emulsion.”  The composition must have written approval of the coal tar emulsion manufacturer.
630-3.2 Quantities of materials per square yard (square meter). The Contractor shall submit the recommended formulation of water, emulsion, aggregate and application rate proposed for use to a testing laboratory together with sufficient materials to verify the formulation at least [      ] days prior to the start of operations. The mix design shall be within the range shown in the table below. No seal coat shall be produced for payment until a mix has been approved by the Engineer. The formulation shall pass the fuel resistance test in Addendum A.
The mix formula for each mixture shall be in effect until modified in writing by the Engineer.
************************************************************************************
Improper formulations of coal tar pitch emulsion seal produce coatings that crack prematurely or do not adhere properly to the pavement surface. A minimum of five (5) days is recommended for job mix approval.
[bookmark: _Ref300050111][bookmark: _Toc300303601]************************************************************************************
Composition Of Mixture Per 100 Gallons (379 Liters) Of Refined Coal Tar Emulsion
	Application
	Refined Coal Tar Emulsion
Gallons (Liters)
	Water
Gallons (Liters)
	Aggregate
lb (km)
	Formula Rate of Application of Mix per Square Yard (Square Meter)

	
	
	
	
	Minimum Gallons (Liters)
	Maximum Gallons (Liters)

	Prime Coat (where required) as specified by the coal tar emulsion manufacturer

	1st Seal Coat
	100
(379)
	25-30
(95-114)
	300-500
(136-228)
	0.12
(0.54)
	0.17
(0.77)

	2nd Seal Coat
	100
(379)
	25-30
(95-114)
	300-500
(136-228)
	0.12
(0.54)
	0.17
(0.77)


************************************************************************************
The numbers shown in the table represent the maximum recommended range of values. In all cases, the refined coal tar emulsion supplier is to give written approval of specific composition numbers to be used in the mix design.
Some specifications covering this type of coating have allowed sand loadings in excess of 10 pounds per gallon (1.2 kg/L) of refined coal tar emulsion. These coatings have not performed well in the field due to poor fuel resistance and loss of adhesion and are not recommended.
Additional coats may be specified for greater durability.
************************************************************************************
630-3.3 Application rate. Application rates are not to exceed 0.17 gal/yd2/coat (0.77 liters/m2/coat), and at no time are total coats to exceed 0.51 gal/yd2 (2.3 liters/m2).
630-3.4 Test section. Prior to full production, the Contractor shall prepare a quantity of mixture in the proportions shown in the approved mix design sufficient to place a test section a minimum of 250 square yard (209 m2) at the rate specified in the job mix formula. The test area shall be designated by the Engineer and will be located on a representative section of the pavement to be seal coated. The actual application rate will be determined by the Engineer during placement of the test section and will depend on the condition of the pavement surface.
The test section shall be used to verify the adequacy of the mix design and to determine the application rate. The same equipment and method of operations shall be used on the test section as will be used on the remainder of the work.
If the test section should prove to be unsatisfactory, the necessary adjustments to the job mix formula, mix composition, application rate, placement operations, and equipment shall be made. Additional test sections shall be placed and evaluated, if required. Full production shall not begin without the Engineer’s approval. Acceptable test sections shall be paid for in accordance with paragraph 630-7.1.
A qualified manufacturer’s representative shall be present in the field to assist the Contractor in applying test areas and/or test sections to determine the optimum application rate of both emulsion and sand.
************************************************************************************
The test section affords the Contractor and the Engineer an opportunity to determine the quality of the mixture in place as well as the performance of the equipment.
The application rate depends on the surface texture.
If operational conditions preclude placement of a test section on the pavement to be treated, it may be applied on a pavement with similar surface texture.
The only test required on the composite mix placed in the field is the viscosity test. The fuel resistance test may be specified, however, this test takes 96 hours to run.
************************************************************************************
CONSTRUCTION METHODS
630-4.1 Weather limitations. The seal coat shall not be applied when the surface is wet or when the humidity or impending weather conditions will not allow proper curing. The seal coat shall be applied only when the atmospheric or pavement temperature is 50°F (10°C) and rising and is expected to remain above 50°F (10°C) for 24 hours, unless otherwise directed by the Engineer.
630-4.2 Equipment and tools. The Contractor shall furnish all equipment, tools, and machinery necessary for the performance of the work.
a. Distributors. Distributors or spray units used for the spray application of the seal coat shall be self-propelled and capable of uniformly applying 0.12 to 0.55 gallons per square yard (0.54 to 2.5 liters per square meter) of material over the required width of application. Distributors shall be equipped with removable manhole covers, tachometers, pressure gauges, and volume-measuring devices.
The mix tank shall have a mechanically powered, full-sweep, mixer with sufficient power to move and homogeneously mix the entire contents of the tank.
The distributor shall be equipped with a positive placement pump so that a constant pressure can be maintained on the mixture to the spray nozzles.
b. Mixing equipment. The mixing machine shall have a continuous flow mixing unit capable of accurately delivering a predetermined proportion of aggregate, water, and emulsion, and of discharging the thoroughly mixed product on a continuous basis. The mixing unit shall be capable of thoroughly blending all ingredients together and discharging the material to the spreader box without segregation.
c. Spreading equipment. Spreading equipment shall be a mechanical-type squeegee distributor attached to the mixing machine, equipped with flexible material in contact with the surface to prevent loss of slurry from the spreader box. It shall be maintained to prevent loss of slurry on varying grades and adjusted to assure uniform spread. There shall be a lateral control device and a flexible strike-off capable of being adjusted to lay the slurry at the specified rate of application. The spreader box shall have an adjustable width. The box shall be kept clean; coal tar emulsion and aggregate build-up on the box shall not be permitted.
d. Hand squeegee or brush application. The use of hand spreading application shall be restricted to places not accessible to the mechanized equipment or to accommodate neat trim work at curbs, etc. Material that is applied by hand shall meet the same standards as that applied by machine.
e. Calibration. The Contractor shall furnish all equipment, materials and labor necessary to calibrate the equipment. It shall be calibrated to assure that it will produce and apply a mix that conforms to the job mix formula. Commercial equipment should be provided with a method of calibration by the manufacturer. All calibrations shall be made with the approved job materials prior to applying the seal coat to the pavement. A copy of the calibration test results shall be furnished to the Engineer.
630-4.3 Preparation of asphalt pavement surfaces. Clean pavement surface immediately prior to placing the seal coat by sweeping, flushing well with water leaving no standing water, or a combination of both, so that it is free of dust, dirt, grease, vegetation, oil or any type of objectionable surface film.  Remove oil or grease that has not penetrated the asphalt pavement by scraping or by scrubbing with a detergent, then wash thoroughly with clean water. After cleaning, treat these areas with the oil spot primer.  Any additional surface preparation, such as crack repair, shall be in accordance with paragraph 101-3.6.
630-4.4 Mixing. Blend the coal tar emulsion mixture in the equipment described in paragraph 630-4.2 using the ingredients described in 630-3.2. The mixing must produce a smooth homogeneous mixture of uniform consistency. (Consult coal tar emulsion supplier for its recommended order of addition of the ingredients.) During the entire mixing and application process, no breaking, segregating or hardening of the emulsion, nor balling or lumping of the sand is to be permitted. Continue to agitate the seal coat mixture in the mixing tank at all times prior to and during application so that a consistent mix is available for application.
Small additional increments of water may be needed to provide a workable consistency, but in no case is the water content to exceed the specified amount.
630-4.5 Application of slurry seal surface treatment. The aggregate filled slurry seal surface treatment shall be applied at a uniform rate determined in paragraph 630-3.4.
In order to provide maximum adhesion, the pavement shall be dampened with a fog spray of water if recommended by the supplier. No standing water shall remain on the surface.
If a prime coat is required, mix and apply the prime coat as specified in paragraph 630-4.3.
Apply the first coat uniformly to obtain the rate determined in paragraph 630-3.4.
Each coat shall be allowed to dry and cure initially before applying any subsequent coats. The initial drying shall allow evaporation of water of the applied mixture, resulting in the coating being able to sustain light foot traffic. The initial curing shall enable the mixture to withstand vehicle traffic without damage to the seal coat.
Apply the second coat in the same manner as outlined for the first coat.
Additional coats shall be applied over the entire surface as directed by the Engineer.
The finished surface shall present a uniform texture.
The final coat shall be allowed to dry a minimum of eight hours in dry daylight conditions before opening to traffic, and initially cure enough to support vehicular traffic without damage to the seal coat.
Where marginal weather conditions exist during the eight hour drying time, additional drying time shall be required. The length of time shall be as specified by the supplier. The surface shall be checked after the additional drying time for trafficability before opening the section to vehicle traffic.
Where striping is required, the striping paint used shall meet the requirements of P-620, shall be compatible with the seal coat and as recommended by the coal tar emulsion manufacturer.
QUALITY CONTROL
630-5.1 Contractor’s certification. The Contractor shall furnish the manufacturer’s certification that each consignment of emulsion shipped to the project meets the requirements of ASTM D5727, except that the water content shall not exceed 50%. The certification shall also indicate the solids and ash content of the emulsion and the date the tests were conducted. The certification shall be delivered to the Engineer prior to the beginning of work. The manufacturer’s certification for the emulsion shall not be interpreted as a basis for final acceptance. Any certification received shall be subject to verification by testing samples received for project use.
The Contractor shall also furnish a certification demonstrating a minimum of three years’ experience in the application of coal tar emulsion seal coats.
630-5.2 Inspection. The Owner shall have an independent technical consultant on the job site at the beginning of operations for application of coal tar emulsion seal coats. The consultant shall have knowledge of the materials, procedures, and equipment described in this specification and shall assist the Contractor regarding proper mixing of the component materials and application of the seal coat. The consultant shall have a minimum of three (3) years’ experience in the use of coal tar seal coats. Documentation of this experience shall be furnished to the Engineer prior to the start of operations. The cost of the technical consultant shall be paid for by the Owner.
630-5.3 Sampling. A minimum of one sample per day shall be tested for the properties in the table above titled “Composition of Mixture Per 100 Gallons (379 Liters) of Refined Coal Tar Emulsion.” A random sample of approximately one-quart of the composite mix will be obtained daily by the Contractor and stored in a glass container. The containers shall be sealed against contamination and retained in storage by the Owner for a period of six months. Samples shall be stored at room temperature and not be subjected to freezing temperatures.
A sample of undiluted coal tar emulsion shall be obtained from each consignment shipped to the job.
630-5.4 Engineer’s records. The Engineer will keep an accurate record of each batch of materials used in the formulation of the seal coat.
METHOD OF MEASUREMENT
630-6.1 The refined coal tar emulsion shall be measured by the [   gallon (liter)   ] [   ton (kg)   ]. Only the actual quantity of undiluted refined coal tar emulsion will be measured for payment.
630-6.2 Aggregate shall be measured by the ton (kg) of dry aggregate.
BASIS OF PAYMENT
630-7.1 Payment shall be made at the contract unit price per [   gallon (liter)   ] [   ton (kg)   ] for the refined coal tar emulsion and at the contract price per ton (kg) for aggregate.
These prices shall be full compensation for furnishing all materials, preparing, mixing, and applying these materials, and for all labor, equipment, tools, and incidentals necessary to complete the item.
Payment will be made under:
Item P-630-7.1	Refined Coal Tar Emulsion for Slurry Coat - per [   gallon (liter)   ] [   ton (kg)   ]
Item P-630-7.2	Aggregate - per ton (kg) of dry aggregate
TESTING REQUIREMENTS
29 CFR Part 1910.1200	Hazard Communication
ASTM C67	Standard Test Method for Sampling and Testing Brick and Structural Clay Tile
ASTM C136	Standard Test Method for Sieve or Screen Analysis of Fine and Coarse Aggregates
ASTM D692	Standard Specification for Coarse Aggregate for Bituminous Paving Mixtures
MATERIAL REQUIREMENTS
ASTM D490	Standard Specification for Road Tar
ASTM D692	Standard Specification for Coarse Aggregate for Bituminous Paving Mixtures
ASTM D3699	Standard Specification for Kerosine
ASTM D4866	Standard Performance Specification for Coal Tar Pitch Emulsion Pavement Sealer Mix Formations Containing Mineral Aggregates and Optional Polymeric Admixtures
ASTM D5727	Standard Specification for Emulsified Refined Coal Tar (Mineral Colloid Type)


Addendum A
ITEM P-630 FUEL RESISTANCE TEST and CRITERION
1.	Scope.
This method determines the resistance of the coal tar emulsion seal coat to kerosene.
2.	Apparatus
2.1	Two 6″  6″ (150 mm  150 mm) square 16 gauge sheet metal masks with a 4″  4″ (100 mm  100 mm) square center removed
2.2	6″  6″ (150 mm  150 mm) unglazed white ceramic tile with an absorption rate of 10-18% (determined in accordance with ASTM C67
2.3	Brass ring, 2″ (50 mm) diameter and 2″ (50 mm) high
2.4	Kerosene meeting requirements of ASTM D3699
2.5	Silicone rubber sealant
3.	Procedure
3.1	Immerse the ceramic tile in distilled water for a minimum of ten minutes.
3.2	Remove excess water from the tile to produce a damp surface before applying the seal coat.
3.3	Using the mask described in 2.1 apply one layer of the coal tar emulsion mixture to the tile. Spread even with the top of the mask using a spatula or other straightedge.
3.4	Allow the sample to cure for 96 hours at 77 ±2°F. and 50 ±10% relative humidity.
3.5	Position a second mask on top of the first mask.
3.6	Apply a second coat of coal tar emulsion mixture. Spread even with the top of the second mask.
3.7	Cure as in step 3.4.
3.8	After curing, affix the brass ring to the seal coat on the tile with silicone rubber sealant.
3.9	Fill the brass ring with kerosene.
3.10	After 24 hours, remove the kerosene from the brass ring, blot dry and immediately examine the film for softness and loss of adhesion. Immediately after the film is examined, break the tile in half, exposing that part of the tile whose film was subjected to the kerosene.
3.11	Evaluate for penetration of kerosene through the sealer and loss of adhesion.
4.	Report
Report the results as pass or fail. Visible evidence of leakage or discoloration shall constitute failure of the test.
5.	Criterion: A “pass” rating in the fuel resistance test is required.
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[bookmark: _Ref301943538][bookmark: _Toc306359508][bookmark: _Toc393451405]Item P-631 Refined Coal Tar Emulsion With Additives, Slurry Seal Surface Treatment
Description
************************************************************************************
This type of surface treatment is approved for use on general aviation airports serving small airplanes 12,500 lbs (5670 kg) or less.  The Engineer, with FAA approval, may specify this item for airports serving airplanes 60,000 lbs (27216 kg) or less.
With growing environmental/safety regulations, more states and local authorities are prohibiting the use of coal tar products. The Engineer must verify the selected materials comply with local authority requirements.
************************************************************************************
631-1.1 This item shall consist of a mixture of emulsified asphalt, mineral aggregate, and water properly proportioned, mixed, and spread on an asphalt pavement surface, including airport pavements serving [   small   ] airplanes [   12,500 lbs (5670 kg) or less,    ] roads, and other general applications.  The purpose of this refined coal tar emulsion product is to provide a fuel-resistant surface where pavements are subjected to fuel spills. The application of the surface treatment shall be in accordance with these specifications and shall conform to the dimensions shown on the plans or as directed by the Engineer. 
631-1.2 General. This item shall consist of a mixture of refined coal tar emulsion, mineral aggregate, additives, and water properly proportioned, mixed and applied as a slurry seal on new or existing (aged) asphalt concrete pavement.
MATERIALS
631-2.1 Refined coal tar emulsion. A refined coal tar emulsion prepared from a high temperature refined coal tar conforming to the requirements of ASTM D490 for grade 11-12. The use of oil and water gas tar is not allowed. Base refined coal tar emulsion must conform to all requirements of ASTM D5727.
a. Health, safety, and environment. The Contractor must provide a complete Material Safety Data Sheet (MSDS) in accordance with U.S. Department of Labor, Occupational Safety and Health Administration (OSHA), Regulations (Standards – 29 CFR, 1910.1200) which establishes the requirement and minimum information for the MSDS for hazardous materials.  The MSDS, Section II, shall include the Chemical Abstracts Service (CAS) registry numbers for all applicable hazardous ingredients in the coal tar emulsion product.  The Contractor must provide the manufacturer’s certification that the product complies with the Code of Federal Regulation (CFR) Title 40 – Protection of Environment. The manufacturer’s certification shall address compliance for Air Programs, Part 59, National Volatile Organic Compound Emission Standards for Consumer and Commercial Products (for the airport location) and Water Programs, Part 116, Designation of Hazardous Substances.
631-2.2 Aggregate. The aggregate shall be washed dry silica sand or boiler slag free of dust, trash, clay, organic materials or other deleterious substances. The aggregate shall meet the gradation in Table 1, when tested in accordance with ASTM C136.
[bookmark: _Ref300050200][bookmark: _Toc300303602]Table 1. Gradation Of Aggregates*
	Sieve Size
	Percent Retained

	
	Minimum
	Maximum

	#20 or coarser
	(0.850 mm)
	0
	2

	#30
	(0.600 mm)
	0
	12

	#40
	(0.425 mm)
	2
	60

	#50
	(0.300 mm)
	5
	60

	#70
	(0.212 mm)
	5
	60

	#100
	(0.150 mm)
	5
	30

	#140
	(0.106 mm)
	0
	10

	#200
	(0.075 mm)
	0
	2

	Finer than #200
	
	0
	0.3


* Table 1 represents the maximum range of aggregate gradations. In all cases the refined coal tar emulsion supplier is to give written approval of the aggregate used in the mix design.

631-2.3 Additive. As specified by the coal tar emulsion manufacturer.
************************************************************************************
Additives are one or more ingredients that can be added to a specific refined coal tar emulsion, water and/or sand mixture to improve the coatings final properties. These properties include durability, fuel resistance, drying time, color uniformity, and/or length of cure time. Additives may also be used to modify the wet mixture’s viscosity to improve aggregate suspension.
The type of additive to be used should be specified by the coal tar emulsion manufacturer and will depend on which final properties are desired.
The Engineer should specify the desired properties.
************************************************************************************
631-2.4 Water. Water for mixing shall be potable, free of harmful soluble salts, and at least 50°F (10°C).
631-2.5 Crack sealant. Crack sealant shall be certified for compatibility with the refined coal tar emulsion by the manufacturer of the refined coal tar emulsion, and approved by the Engineer.
631-2.6 Oil spot primer. Oil spot primer shall be certified for compatibility with the refined coal tar emulsion by the manufacturer of the refined coal tar emulsion, and approved by the Engineer.
631-2.7 Pavement primer. Pavement primer shall be certified for compatibility with the refined coal tar emulsion by the manufacturer of the refined coal tar emulsion, and approved by the Engineer.
COMPOSITION AND APPLICATION
631-3.1 Composition. The refined coal tar emulsion seal coat is to consist of a mixture of refined coal tar emulsion, water, additive and aggregate, and be proportioned as shown in Table 2. The composition must have written approval of the coal tar emulsion manufacturer.
631-3.2 Quantities of materials per square yard (square meter). The Contractor shall submit the recommended formulation of water, emulsion, aggregate and application rate proposed for use to a testing laboratory together with sufficient materials to verify the formulation at least [      ] days prior to the start of operations. The mix design shall be within the range shown in the below table. No seal coat shall be produced for payment until a mix has been approved by the Engineer. The formulation shall pass the fuel resistance test in Addendum A.
The mix for each mixture shall be in effect until modified in writing by the Engineer.
************************************************************************************
Improper formulations of coal tar pitch emulsion seal produce coatings that crack prematurely or do not adhere properly to the pavement surface. A minimum of five (5) days is recommended for job mix approval.
************************************************************************************
[bookmark: _Ref300050248][bookmark: _Toc300303603]Table 2. Composition Of Mixture Per 100 Gallons (379 Liters) Of Refined Coal Tar Emulsion
	Application
	Refined Coal Tar Emulsion
Gallons (Liters)
	Water
Gallons (Liters)
	Additive
Gallons (Liters)
	Aggregate
Pounds (Liters)
	Formula Rate of Application of Mix per Square Yard (Liters)

	
	
	
	
	
	Minimum Gallons (Liters)
	Maximum Gallons (Liters)

	Prime Coat (where required) as specified by the coal tar emulsion manufacturer

	1st Seal Coat
	100
(379)
	25-70
(95-265)
	2-6
(7.6-22.7)
	300-700
(136-318)
	0.12
(0.54)
	0.20
(0.91)

	2nd Seal Coat
	100
(379)
	25-70
(95-265)
	2-6
(7.6-22.7)
	300-700
(136-318)
	0.12
(0.54)
	0.20
(0.91)


************************************************************************************
The numbers shown in the table represent the maximum recommended range of values. In all cases, the refined coal tar emulsion supplier is to give written approval of specific composition numbers to be used in the mix design.
Some specifications covering this type of coating have allowed sand loadings in excess of 10 pounds per gallon of refined coal tar emulsion. These coatings have not performed well in the field due to poor fuel resistance and loss of adhesion and are not recommended.
************************************************************************************
631-3.3 Application rate. Application rates are not to exceed 0.20 gal/yd2/coat (0.91 liters/m2/coat), and at no time are total coats to exceed 0.51 gal/yd2 (2.3 liters/m2).
631-3.4 Test section. Prior to full production, the Contractor shall prepare a quantity of mixture in the proportions shown in the approved mix design. The amount of mixture shall be sufficient to place a test section a minimum of 250 square yard (209 m2) at the rate specified in the job mix formula. The test area will be designated by the Engineer on a representative section of the pavement to be seal coated. The actual application rate will be determined by the Engineer during placement of the test section and will depend on the condition of the pavement surface.
The test section shall be used to verify the adequacy of the mix design and to determine the application rate. The same equipment and method of operations shall be used on the test section that will be used on the remainder of the work.
If the test section should prove to be unsatisfactory, the necessary adjustments to the job mix formula, mix composition, application rate, placement operations, and equipment shall be made. Additional test sections shall be placed and evaluated, if required. Full production shall not begin without the Engineer’s approval. Acceptable test sections shall be paid for in accordance with paragraph 631-7.1.
A qualified manufacturer’s representative shall be present in the field to assist the Contractor in applying test areas and/or test sections to determine the optimum application rate of both emulsion and sand.
************************************************************************************
The test section(s) affords the Contractor and the Engineer an opportunity to determine the quality of the mixture in place as well as the performance of the equipment.
The application rate depends on the surface texture.
If operational conditions preclude placement of a test section on the pavement to be treated, it may be applied on a pavement with similar surface texture.
The only test required on the composite mix placed in the field is the viscosity test. The fuel resistance test may be specified, however, this test takes 96 hours to run.
************************************************************************************
CONSTRUCTION METHODS
631-4.1 Weather limitations. The seal coat shall not be applied when the surface is wet or when the humidity or impending weather conditions will not allow proper curing. The seal coat shall be applied only when the atmospheric or pavement temperature is 50°F (10°C) and rising and is expected to remain above 50°F (10°C) for 24 hours, unless otherwise directed by the Engineer.
631-4.2 Equipment and tools. The Contractor shall furnish all equipment, tools, and machinery necessary for the performance of the work.
a. Distributors. Distributors or spray units used for the spray application of the seal coat shall be self-propelled and capable of uniformly applying 0.12 to 0.55 gallons per square yard (0.54 to 2.5 liters per square meter) of material over the required width of application. Distributors shall be equipped with removable manhole covers, tachometers, pressure gauges, and volume-measuring devices.
The mix tank shall have a mechanically powered, full-sweep, mixer with sufficient power to move and homogeneously mix the entire contents of the tank.
The distributor shall be equipped with a positive placement pump so that a constant pressure can be maintained on the mixture to the spray nozzles.
b. Mixing equipment. The mixing machine shall have a continuous flow mixing unit capable of accurately delivering a predetermined proportion of aggregate, water, and emulsion, and of discharging the thoroughly mixed product on a continuous basis. The mixing unit shall be capable of thoroughly blending all ingredients together and discharging the material to the spreader box without segregation.
c. Spreading equipment. Spreading equipment shall be a mechanical-type squeegee distributor attached to the mixing machine, equipped with flexible material in contact with the surface to prevent loss of slurry from the spreader box. It shall be maintained to prevent loss of slurry on varying grades and adjusted to assure uniform spread. There shall be a lateral control device and a flexible strike-off capable of being adjusted to lay the slurry at the specified rate of application. The spreader box shall have an adjustable width. The box shall be kept clean; coal tar emulsion and aggregate build-up on the box shall not be permitted.
d. Hand squeegee or brush application. The use of hand spreading application shall be restricted to places not accessible to the mechanized equipment or to accommodate neat trim work at curbs, etc. Material that is applied by hand shall meet the same standards as that applied by machine.
e. Calibration. The Contractor shall furnish all equipment, materials and labor necessary to calibrate the equipment. It shall be calibrated to assure that it will produce and apply a mix that conforms to the job mix formula. Commercial equipment should be provided with a method of calibration by the manufacturer. All calibrations shall be made with the approved job materials prior to applying the seal coat to the pavement. A copy of the calibration test results shall be furnished to the Engineer.
631-4.3 Preparation of asphalt pavement surfaces. Clean pavement surface immediately prior to placing the seal coat by sweeping, flushing well with water leaving no standing water, or a combination of both, so that it is free of dust, dirt, grease, vegetation, oil or any type of objectionable surface film.  Remove oil or grease that has not penetrated the asphalt pavement by scraping or by scrubbing with a detergent, then wash thoroughly with clean water. After cleaning, treat these areas with the oil spot primer.  Any additional surface preparation, such as crack repair, shall be in accordance with paragraph 101-3.6.
631-4.4 Mixing. Blend the coal tar emulsion mixture in the equipment described in paragraph 631-4.2 using the ingredients described in Table 2. The mixing must produce a smooth homogeneous mixture of uniform consistency. (Consult coal tar emulsion supplier for its recommended order of addition of the ingredients.) During the entire mixing and application process, no breaking, segregating or hardening of the emulsion, nor balling or lumping of the sand is to be permitted. Continue to agitate the seal coating mixture in the mixing tank at all times prior to and during application so that a consistent mix is available for application.
Small additional increments of water may be needed to provide a workable consistency, but in no case is the water content to exceed the specified amount.
631-4.5 Application of slurry seal surface treatment. The aggregate filled slurry seal surface treatment shall be applied at a uniform rate determined in paragraph 631-3.3.
In order to provide maximum adhesion, the pavement shall be dampened with a fog spray of water if recommended by the supplier. No standing water shall remain on the surface.
If a prime coat is required, mix and apply the prime coat as specified in paragraph 631-4.3.
Apply the first coat uniformly to obtain the rate determined in paragraph 631-3.3.
Each coat shall be allowed to dry and cure initially before applying any subsequent coats. The initial drying shall allow evaporation of water of the applied mixture, resulting in the coating being able to sustain light foot traffic. The initial curing shall enable the mixture to withstand vehicle traffic without damage to the seal coat.
Apply the second coat in the same manner as outlined for the first coat.
Additional coats shall be applied over the entire surface as directed by the Engineer.
The finished surface shall present a uniform texture.
The final coat shall be allowed to dry a minimum of eight hours in dry daylight conditions before opening to traffic, and initially cure enough to support vehicular traffic without damage to the seal coat.
Where marginal weather conditions exist during the eight hour drying time, additional drying time shall be required. The length of time shall be as specified by the supplier. The surface shall be checked after the additional drying time for trafficability before opening the section to vehicle traffic.
Where striping is required, the striping paint used shall meet the requirements of P-620, shall be compatible with the seal coat and as recommended by the coal tar emulsion manufacturer.
QUALITY CONTROL
631-5.1 Contractor’s certification. The Contractor shall furnish the manufacturer’s certification that each consignment of emulsion shipped to the project meets the requirements of ASTM D5727, except that the water content shall not exceed 50%. The certification shall also indicate the solids and ash content of the emulsion and the date the tests were conducted. The certification shall be delivered to the Engineer prior to the beginning of work. The manufacturer’s certification for the emulsion shall not be interpreted as a basis for final acceptance. Any certification received shall be subject to verification by testing samples received for project use.
The Contractor shall also furnish a certification demonstrating a minimum of three years of experience in the application of coal tar emulsion seal coats.
631-5.2 Inspection. The Owner shall have an independent technical consultant on the job site at the beginning of operations for application of coal tar emulsion seal coats. The consultant shall have knowledge of the materials, procedures, and equipment described in this specification and shall assist the Contractor regarding proper mixing of the component materials and application of the seal coat. The consultant shall have a minimum of three (3) years of experience in the use of coal tar seal coats. Documentation of this experience shall be furnished to the Engineer prior to the start of operations. The cost of the technical consultant shall be paid for by the Owner.
631-5.3 Sampling. A minimum of one sample per day shall be tested for the properties of Table 2. A random sample of approximately one-quart of the composite mix will be obtained daily by the Contractor and stored in a glass container. The containers shall be sealed against contamination and retained in storage by the Owner for a period of six months. Samples shall be stored at room temperature and not be subjected to freezing temperatures.
A sample of undiluted coal tar emulsion shall be obtained from each consignment shipped to the job.
631-5.4 Engineer’s records. The Engineer will keep an accurate record of each batch of materials used in the formulation of the seal coat.
METHOD OF MEASUREMENT
631-6.1 The refined coal tar emulsion with additives shall be measured by the [   gallon (liter)   ] [   ton (kg)   ]. Only the actual quantity of undiluted refined coal tar emulsion with additives will be measured for payment.
631-6.2 Aggregate shall be measured by the ton (kg) of dry aggregate.
BASIS OF PAYMENT
631-7.1 Payment shall be made at the contract unit price per [   gallon (liter)   ] [   ton (kg)   ] for the refined coal tar emulsion with additives and at the contract price per ton (kg) for aggregate.
These prices shall be full compensation for furnishing all materials, preparing, mixing, and applying these materials, and for all labor, equipment, tools, and incidentals necessary to complete the item.
Payment will be made under:
Item P-631-7.1	Refined Coal Tar Emulsion with Additives for Slurry Coat - per [   gallon (liter)   ] [   ton (kg)   ]
Item P-631-7.2	Aggregate - per ton (kg) of dry aggregate.
TESTING REQUIREMENTS
29 CFR Part 1910.1200	Hazard Communication
ASTM C67	Standard Test Method for Sampling and Testing Brick and Structural Clay Tile
ASTM C136	Standard Test Method for Sieve or Screen Analysis of Fine and Coarse Aggregates
ASTM D5727	Standard Specification for Emulsified Refined Coal Tar (Mineral Colloid Type)
MATERIAL REQUIREMENTS
ASTM D490	Standard Specification for Road Tar
ASTM D692	Standard Specification for Coarse Aggregate for Bituminous Paving Mixtures
ASTM D3699	Standard Specification for Kerosine
ASTM D4866	Standard Performance Specification for Coal Tar Pitch Emulsion Pavement Sealer Mix Formations Containing Mineral Aggregates and Optional Polymeric Admixtures


ADDENDUM A
ITEM P-631 FUEL RESISTANCE TEST and CRITERION
1.	Scope. 
This method determines the resistance of the coal tar emulsion seal coat to kerosene.
2.	Apparatus.
2.1	Two 6″  6″ (150 mm  150 mm) square 16 gauge sheet metal masks with a 4″  4″ (100 mm  100 mm) square center removed
2.2	6″  6″ (150 mm  150 mm) unglazed white ceramic tile with an absorption rate of 10-18% (determined in accordance with ASTM C67
2.3	Brass ring, 2″ (50 mm) diameter and 2″ (50 mm) high
2.4	Kerosene meeting requirements of ASTM D3699
2.5	Silicone rubber sealant
3.	Procedure.
3.1	Immerse the ceramic tile in distilled water for a minimum of ten minutes.
3.2	Remove excess water from the tile to produce a damp surface before applying the seal coat.
3.3	Using the mask described in 2.1 apply one layer of the coal tar emulsion mixture to the tile. Spread even with the top of the mask using a spatula or other straightedge.
3.4	Allow the sample to cure for 96 hours at 77 ±2°F. and 50 ±10% relative humidity.
3.5	Position a second mask on top of the first mask.
3.6	Apply a second coat of coal tar emulsion mixture. Spread even with the top of the second mask.
3.7	Cure as in step 3.4.
3.8	After curing, affix the brass ring to the seal coat on the tile with silicone rubber sealant.
3.9	Fill the brass ring with kerosene.
3.10	After 24 hours, remove the kerosene from the brass ring, blot dry and immediately examine the film for softness and loss of adhesion. Immediately after the film is examined, break the tile in half, exposing that part of the tile whose film was subjected to the kerosene.
3.11	Evaluate for penetration of kerosene through the sealer and loss of adhesion.
4.	Report. 
Report the results as pass or fail. Visible evidence of leakage or discoloration shall constitute failure of the fuel resistance test.
5.	Criterion:	A “pass” rating in the fuel resistance test is required prior to full production.
END OF ITEM P-631
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Description
************************************************************************************
This type of surface treatment is approved for use on general aviation airports serving small airplanes 12,500 lbs (5670 kg) or less; however, it is only recommended for use on pavements other than airfield pavements.  
Note in this specification, the term “rejuvenation product” will carry the same connotation as the term “rejuvenator” or “rejuvenator/sealer.” The term “rejuvenation product” will be used throughout this specification for the purpose of recognizing rejuvenation performance for each class of rejuvenation products.
************************************************************************************
632-1.1 This item shall consist of a rejuvenator properly proportioned, mixed, and spread on an asphalt pavement surface, including airport pavements serving small airplanes 12,500 lbs (5670 kg) or less, roads, and other general applications.  The application of the rejuvenator shall be in accordance with these specifications and shall conform to the dimensions shown on the plans or as directed by the Engineer. 
632-1.2 Bituminous pavement rejuvenation. This item governs the application of an asphalt pavement rejuvenation product applied to a previously placed hot mix asphalt (HMA) surface in accordance with these specifications, as shown on the plans, or as directed by the Engineer. The purpose of this product is rejuvenation of the upper 3/8 inch (9 mm) of oxidized or otherwise aged asphalt binder without causing an unacceptable reduction in the friction characteristics (skid resistance) of the pavement section. Additionally, the rejuvenation product should not introduce unacceptable pavement distresses such as raveling, high temperature deformation (rutting), and loss of strength. The rejuvenation product should not contribute to accelerated deterioration of the pavement.
************************************************************************************
Project Selection. The performance of a rejuvenation product is contingent on the pavement condition at the time of application. The pavement condition survey provides a measure of the pavement condition by analyzing the type, amount, and severity of the distresses, and by determining the pavement condition index (PCI) in accordance with ASTM D5340. A typical asphalt pavement candidate for rejuvenation is one without structural, load associated distresses (or has provisions to correct these distresses) and with low to moderate environmental, temperature associated distresses. The recommended corrected PCI should be equal to or greater than 70 to qualify as a candidate for asphalt rejuvenation.
************************************************************************************
MATERIAL
632-2.1 Rejuvenation product.
a. The rejuvenation product must be capable of achieving the minimum changes in the asphalt binder properties shown in Tables 1 or 2 after proper application and field exposure.
b. The binder extracted per ASTM D2172, Method A and recovered per ASTM D1856 or D5404 from samples of the upper 3/8 inch (9 mm) of the surface of the treated pavement must exhibit the percent decrease in absolute viscosity or complex viscosity and corresponding phase angle increase listed in Tables 1 or 2, when compared to the values from adjacent untreated samples from the same pavement in the prescribed timeframe.
c. The bid submittal must include, from previous projects, independent laboratory test results accredited by an American Association of State Highway Transportation Officials (AASHTO) Materials Reference Laboratory (AMRL). The test results should verify the ability of the proposed rejuvenation product to achieve the minimum changes in asphalt binder properties shown in Table 1 or 2.
Table 1. Pavement Three (3) Years or Less in Age
	Item
	Property of Recovered Binder2
	Requirement
	Test Method

	1
	Absolute Viscosity 60°C, P
	≥ 25% Decrease2
	ASTM D2171

	2a
	Complex Modulus 60°C, G*
	
	AASHTO T315

	2b
	Viscosity 60°C, η = G* / ώ Pa∙s
	
	

	2c
	Phase Angle 60°C, δ,°
	Report
	



Table 2. Pavement More than Three (3) Years in Age
	Item
	Property of Recovered Binder 2
	Requirement
	Test Method

	1
	Absolute Viscosity 60°C, P
	≥ 40% Decrease 2
	ASTM D2171

	2a
	Complex Modulus 60°C, G*, kPa
	
	AASHTO T315

	2b
	Viscosity 60°C, η* = G* / ώ Pa∙s
	
	

	2c
	Phase Angle 60°C, δ,°
	Report
	


2 Procedures: Sample collection for application and acceptance as noted in this specification. Sample weights and measure by ASTM D3549; Extraction by: ASTM D2172, Method A using toluene (conditioning to remove moisture will not be accomplished); Recovery by: ASTM D1856 (Abson) or ASTM D5404 (Roto-Vap); and binder extraction, recovery and testing within 48 hours of obtaining pavement cores or equivalent surface area samples.
632-2.2 Rejuvenation documentation/certification.
a. Performance. The submittal must include documentation of previous use and test data conclusively demonstrating that the rejuvenation product has been used successfully for a period of two or more years by other user agencies; and that the asphalt rejuvenation product has been proven to perform in a manner equivalent to this specification, through field testing by independent testing laboratory for using agencies as to the required change in the recovered asphalt binder properties. Testing data must be submitted indicating such product performance from at least two projects representative of two different HMA mix designs, each being tested for a minimum of two years to ensure reasonable longevity of the treatment, as well as product consistency. The performance documentation must be presented from a geographically similar climatic region of the United States as that for this project, for example, wet-warm, wet-cool, dry-warm, and dry-cool, and contain data specified in paragraph 632-2.1.c.
b. Friction characteristics. For projects where rejuvenation product(s) are applied on runway and taxiway surfaces, the Contractor shall submit to the Engineer friction tests, from previous airport projects which used the rejuvenation product in a similar environment, in accordance with AC 150/5320-12, at 40 mph (65 km/h) wet, showing, as a minimum; friction value of pavement surface prior to sealant application; two values, tested between 24 and 96 hours after application, with a minimum of 24 hours between tests; and one value tested at no less than 180 days or greater than 360 days after the application. The results of the two tests between 24 and 96 hours shall indicate friction is increasing at a rate to obtain similar friction value of the pavement surface prior to application, and the long term test shall indicate no apparent adverse effect with time relative to friction values and existing pavement surface. The Contractor shall submit to the Engineer a list of airports which meet the above requirements, as well as technical details on application rates, aggregate rates, and point of contact at these airports to confirm use and success of sealer. Friction tests shall be submitted from no less than one of the airports on the list and each set of tests described above, must be from one project. 
Rejuvenation product submittal without the required friction performance will not be approved. Friction tests performed on this project cannot be used as a substitute of this requirement.
c. Health, safety, and environment. The Contractor must provide a complete Material Safety Data Sheet (MSDS) in accordance with U.S. Department of Labor, Occupational Safety and Health Administration (OSHA), Regulations (Standards – 29 CFR), 1910.1200 which establishes the requirement and minimum information for the MSDS for hazardous materials.  The MSDS, Section II, shall include the Chemical Abstracts Service (CAS) registry numbers for all applicable hazardous ingredients in the rejuvenation product.  The Contractor must provide the manufacturer’s certification that the rejuvenation product complies with the Code of Federal Regulation (CFR) Title 40 – Protection of Environment. The manufacturer’s certification shall address compliance for Air Programs, Part 59, National Volatile Organic Compound Emission Standards for Consumer and Commercial Products (for the airport location) and Water Programs, Part 116, Designation of Hazardous Substances. 
APPLICATION RATE
632-3.1 Test sections. Prior to full application, the Contractor must place a series of test sections (minimum one square yard (0.8 sq m)) at application rates as judged necessary by the manufacturer to establish the appropriate project rejuvenation product application rates for the specific product. As a minimum, a test section is required for each different HMA mix design identified in the project. Additional test sections may be required due to highly variable traffic areas, for example, taxiway pavement wheel paths versus taxiway edge areas or specific areas identified by the Engineer. The Contractor must select test sections to obtain pavement cores or saw cut “slabs” (equivalent surface area samples) in accordance with paragraph 632-6.3. The pavement cores or equivalent surface area samples must be taken 48 hours after application of the rejuvenation test sections and tested in accordance with Table 1 or 2, Item 1 and Item 2a, paragraph 632-2.1 for the purpose of determining a recommendation for the rejuvenation product application rates. The Contractor is responsible for all sampling and testing associated with the test sections.
A qualified manufacturer’s representative shall be present in the field to assist the Contractor in applying test areas and/or test sections to determine the optimum application rate. [   A test section shall be required for friction testing for runway applications.   ]
************************************************************************************
Add bracketed sentence if application is on a runway.
************************************************************************************
632-3.2 Approval. The Contractor and the Engineer shall examine the test sections 24 hours after treatment to determine if the entire rejuvenation product has penetrated into the surface. Application rates that have not allowed full penetration into the pavement surface after 24 hours must not be permitted to be used for full production. The application rates for full production must be determined by the Contractor and approved by the Engineer based on the Contractor’s recommendation and observation of test sections and test section data from paragraph 632-3.1.
CONSTRUCTION
632-4.1 Worker safety. The rejuvenation product must be handled with caution. The Contractor must obtain a MSDS for the rejuvenation product and require workmen to follow the manufacturer’s recommended safety precautions.
632-4.2 Weather limitations. The rejuvenation product must be applied only when the existing surface is dry and the weather forecast is in accordance with the manufacturer’s recommendations for application and curing. The rejuvenation product must not be applied during inclement weather or when rain or freezing temperatures are anticipated within 24 hours before or after application. If weather conditions interfere with application and/or curing, the Engineer may at his discretion suspend the job or require remedial action as deemed necessary.
During application, account for wind drift.  Cover existing buildings, structures, runway edge lights, taxiway edge lights, informational signs, retro-reflective marking and in-pavement duct markers as necessary to protect against overspray before applying the rejuvenation product.  Should the rejuvenation product get on any light or marker fixture, promptly clean the fixture.  If cleaning is not satisfactory to the Engineer, the Contractor shall replace any light, sign or marker with equivalent equipment at no cost to the Owner.
632-4.3 Equipment. The Contractor must furnish all equipment and hardware necessary for the performance of the work. The rejuvenation product should be delivered in dedicated tankers and/or containers with agitating equipment and filters, per manufacturer’s recommendations. The distributor must be designed and equipped in accordance with the manufacturer’s recommendations, but include as a minimum, the following characteristics:
a. Adequate heating capability for rapid heating of the rejuvenator to the proper application temperature.
b. A positive displacement pump capable of pumping low viscosity material and providing a preselected constant pressure to deliver the specified rates of application.
c. A full circulation spray bar and applicator that maintain proper nozzles, which provide the specified rate of application.
d. A hooded spray bar and applicator that maintain proper nozzle height.
e. A positive shut-off for the spray bar and a hand spray (with hose) equipped with a positive shut-off at the spray gun.
f. A thermometer installed in the distributor tank to measure the temperature of the rejuvenation product at the time of the application.
g. A speedometer calibrated to a minimum of tenths of miles per hour.
h. A chart listing the capacity of the tank (in gallons (liters)) for each one inch (25 mm) of depth. A chart showing speed/pressure application rates must also be included.
632-4.4 Preparation of asphalt pavement surfaces. Clean pavement surface immediately prior to placing the seal coat by sweeping, flushing well with water leaving no standing water, or a combination of both, so that it is free of dust, dirt, grease, vegetation, oil or any type of objectionable surface film.  Remove oil or grease that has not penetrated the asphalt pavement by scraping or by scrubbing with a detergent, then wash thoroughly with clean water. After cleaning, treat these areas with the oil spot primer.  Any additional surface preparation, such as crack repair, shall be in accordance with paragraph 101-3.6.
632-4.5 Application of rejuvenation product.
a. Following preparation and subsequent inspection of the surface and consideration for skid resistance, the rejuvenation product shall be uniformly applied over the surface to be treated at the approved rate with an allowable variation from the approved rate of application of ±5%, in accordance with ASTM D2995.
b. Materials shall be applied at the temperature recommended by the manufacturer.
************************************************************************************
To obtain uniform application of the material on the surface treated at the junction of previous and subsequent applications, heavy paper or cardboard, equivalent technique, must be spread on the surface at a sufficient distance back from the ends of each application so that the material may be started and stopped on the paper. Immediately after application, the building paper must be removed and properly disposed.
Areas missed by the distributor must be properly treated with the hand spray.
Following application of the rejuvenation product, the surface should not be disturbed for a period of at least 24 hours.
************************************************************************************
c. Other rejuvenation product application procedures include:
(1) Calibration test. Contractor must furnish all equipment, materials, and labor necessary to calibrate the bituminous distributor or other application equipment. Calibration must be made with approved job material and prior to applying the rejuvenation product to the prepared surface. Calibration of the bituminous distributor and the specialized bituminous spray applicator must be in accordance with ASTM D2995.
(2) Excess rejuvenation product removal. Manufactured sand, as approved by the Engineer, must be provided by the Contractor at no additional costs and must be spread in sufficient quantity to effectively blot up any excess rejuvenation product remaining on the treated pavement surface after 24 hours at no additional costs.
(3) Ponding and puddling of rejuvenation product. If low spots and depressions in the pavement surface cause ponding or puddling of the rejuvenation product, the pavement surface must be broomed with a broom drag. Brooming should continue until the pavement surface is free of any pools of excess material. Ponding and/or puddling must not cause excess pavement softening and/or additional distress. The Engineer must inspect and approve areas after “brooming.”
(4) Excess runoff of rejuvenation product. The application rate should be reduced, and the Engineer notified, if the surface grade of the pavement surface causes excessive runoff of the rejuvenation product. Additional rejuvenation product, if necessary, may be subsequently applied after the first application of material has penetrated into the pavement to achieve the required properties of the treated binder
(5) Insufficient rejuvenation product. When it is determined by the Engineer that the actual application rate of the rejuvenation product is more than 5% below the approved application rate, subsequent applications of materials must be made to bring the actual application rate up to the approved rate; additional rejuvenation product must penetrate into the pavement surface within 24 hours after application. Multiple applications may be required at the discretion of the Engineer, requiring additional pavement sampling and rejuvenation testing to assure compliance with Table 1 or 2 of 632-2.1.
632-4.6 Cure time remedial option – application of sand.
a. The Contractor must apply sand to the surface of the treated asphalt pavement if the rejuvenation product does not meet the cure time requirement and/or the frictional characteristics (skid resistance) have been reduced to an unacceptable level. An unacceptable level of frictional characteristics (skid resistance) is defined in paragraph 632-6.6.
b. The manufactured sand must be dry, hard, durable, free from clay, salt and foreign matter and well graded (100% passing #8 sieve and less than 10% passing #200 sieve). The sand must be uniformly applied at a rate of 3.0 lb/yd2 ±0.5 lb/yd2, rolled (as recommended by the Contractor and accepted by the Engineer) into the treated surface and any surplus removed with a power broom, or as directed by the Engineer. The Contractor is responsible for all materials, equipment, and costs associated with the application of sand.
c. All manufactured sand or approved substitute used during the treatment must be removed from the airport as soon as practical after treatment of a pavement and prior to opening any airfield runway, taxiway, etc. This should be accomplished by a combination of hand and mechanical sweeping. All turnouts must be cleaned of any sand to the satisfaction of the Engineer.  The Contractor is responsible for all materials, equipment, and costs associated with the application, removal and disposal of the sand.
d. If, after sand is swept and in the opinion of the Engineer, a hazardous condition exists on the pavement, the Contractor must apply additional sand and sweep same immediately following reapplication. No additional compensation will be allowed for reapplication and removal of sand.
QUALITY CONTROL
632-5.1 Manufacturer representation. The Contractor must have a manufacturer’s authorized representative on the job site at the beginning of the work and during all rejuvenation product application. The manufacturer’s representative must have knowledge of the material, procedures, and equipment described in the specification and will be responsible for determining the application rates and must oversee the preparation and application of the rejuvenation product. Documentation of the manufacturer representative’s experience and knowledge for applying the rejuvenation product must be furnished to the Engineer a minimum of 10 work days prior to placement of the test sections. The cost of the manufacturer’s representative will be included in the bid price.
************************************************************************************
The requirement for the Contractor to require a manufacturer’s authorized representative on the job site at the beginning of the work and during all rejuvenation product application may be deleted, at the discretion of the Engineer. Past experience has demonstrated that improper application rates have resulted through subcontract agreements, and this decision must be predicated on the Engineer’s ability to control selection and placement of the application rate under the Contract provisions.
************************************************************************************
632-5.2 Quality control plan. The Contractor must submit a quality control plan to the Engineer a minimum of 10 days prior to applying test sections in accordance with paragraph 632-3.1. The quality control plan must address all items that affect the quality of the rejuvenation application including, but not limited to:
a. Qualifications of personnel.
b. Schedule for the project.
c. Procedure to monitor the weather/temperature limitations.
d. Inspection requirements including rejuvenation product, test sections, storage of rejuvenation product, preparation of the pavement surface, and equipment calibration.
e. Provisions for obtaining, packaging and shipping acceptance samples and repair of the pavement.
f. Provisions for sample testing, testing laboratory name, location, accreditation, contact person, all contact information, testing requested, and report on information.
632-5.3 Warranty. The Contractor must provide a manufacturer’s/applicator warranty that the treated pavement will retain the lower binder properties of Table 1 or 2, for a period of two (2) years from the date of treatment. For compliance with the warranty, the Owner may obtain cores and perform tests in accordance with REJUVENATION ACCEPTANCE. The Contractor must further warrant that from the date the rejuvenation product was applied, the material will not flake, peel, chip, spall, nor otherwise contribute to or accelerate the aging of the pavement. The Contractor must reapply the rejuvenation product, as necessary, or provide remedial actions at no cost to the Owner, and/or refund all payments at the Owner’s discretion. The Engineer must designate and record an area of no less than 10 square yard (8.36 m2) of untreated and 10 square yards (8.36 m2) of treated pavement as the control sections for warranty testing. In the event a pay reduction, or no payment, is enforced, the warranty is rescinded.
REJUVENATION ACCEPTANCE
632-6.1 Product sampling. The Engineer will take samples of the rejuvenation product proposed for use upon delivery of each shipment in accordance with ASTM D140 and store in accordance with the MSDS, Section VII for a period of at least six months after payment in accordance with paragraph 632-8.1. Testing, as necessary, will be accomplished by the Engineer to verify information provided by the MSDS information.
632-6.2 Freight and weigh bills. The Contractor must furnish the Engineer receipted bills when railroad shipments are made, and certified weigh bills when materials are received in any other manner, of the rejuvenation product used in the construction covered by the contract. The Contractor shall not remove rejuvenation product from the tank car or storage tank until the initial outage and temperature measurements have been taken by the Engineer, nor shall the car or tank be released until the final outage has been taken by the Engineer.
632-6.3 Field sampling procedures. Sampling of the pavement sections to be treated must be performed before and after the pavement has been treated with the rejuvenation product. The Contractor will be responsible for obtaining all pavement core samples or equivalent surface area samples as approved by the Engineer for testing. At the discretion and approval of the Engineer, the before samples collected and tested for application may suffice for before samples for acceptance.
a. At each sampling location, three (3) cores or equivalent surface area samples of the untreated pavement must be taken before the rejuvenation product is placed and three (3) cores or equivalent surface area samples of the treated pavement after application of the rejuvenation product must be taken. The before and after cores must be taken in the same general area, at a minimum within the same paving lane and within one foot (30 cm) of each other. All pavement cores taken by the Contractor must be six (6) in in diameter. The Contractor must repair any sample holes resulting from the removal of asphalt concrete pavement cores or equivalent surface area samples (with suitable materials and methods as approved by the Engineer) at no cost to the Owner.
b. The treated pavement cores or equivalent surface area samples must be taken 30-45 days after application of the rejuvenation product.
c. Both untreated and treated pavement cores or equivalent surface area samples must be performed for each 20,000 square yards (16723 m2) or fractional part of pavement section per pavement plan or as required by the Engineer. Material acceptance in accordance with paragraph 632-2.1, Table 1 or Table 2, will be based on the test results for each 20,000 square yards (16723 m2) or fractional part of treated pavement section per pavement plan or as required by the Engineer. Locations for untreated samples should be determined by the Engineer on a random basis in accordance with the procedures contained in ASTM D3665 provided requirements of paragraph 632-6.3.a. can be satisfied for both untreated and treated samples.
************************************************************************************
It is recognized, the rate of recovered viscosity reduction in addition to product type and application rate is influenced by the climatic conditions and time of exposure prior to sampling and testing. All means to standardize these parameters should be taken. Time factor and weather conditions for all should be noted and recorded.
************************************************************************************
d. Pavement core samples or equivalent surface areas samples must be placed in labeled sealable plastic bags immediately after taking, cleaning and removing sampling water (blotting). The sealed samples must then be placed in labeled plastic core canisters. For equivalent surface area samples, an equivalent processing for the sample is required as approved by the Engineer. The specimens must be shipped to the designated laboratory within 24 hours of collection.
632-6.4 Rejuvenation testing responsibility. All acceptance testing necessary to determine conformance with this specification must be performed by the Engineer, or accredited independent test agency, to verify that the rejuvenation product achieves the minimum decrease in the asphalt binder properties as measured from binder in the top 3/8 ±1/32 inch (9mm ±1 mm) of the samples.
632-6.5 Rejuvenation testing. Tests must be conducted to extract the bituminous binder from the top 3/8 ±1/32 inch (9mm ±1 mm) of the cores/slabs precisely cut from the field specimens.
a. Binder extraction must be by ASTM D2172, Method A (centrifuge) with toluene, and recovered according to ASTM D1856 (Abson Method) or ASTM D5404 (Roto-Vap Method).
(1) Viscosity of the bituminous material must be measured in accordance with ASTM D2171. The percent decrease in the binder properties must be computed as follows:
 100 (absolute viscosity, P, of untreated sample) – (absolute viscosity, P, of treated sample) / (absolute viscosity, P, of untreated samples)
(2) The complex modulus, G*, kPa, must be measured in accordance with AASHTO T315 C, at 140°F (60°C) 10 rad/sec or other recorded frequency. The percent decrease in the binder properties must be computed as follows:
100 (complex modulus, G*, kPa of untreated sample) – (complex modulus, G*, kPa, of treated sample) / (complex modulus, G*, kPa, of untreated samples)
(3) The complex viscosity, η*, at 140°F (60°C) must be calculated and reported from the complex modulus, G* and angular frequency, ώ (radians/sec).
b. Test results for absolute viscosity, complex modulus (and viscosity), and phase angle must be reported. The maximum percent reduction calculated for absolute viscosity or complex modulus must be considered in BASIS OF PAYMENT.
c. In the event of binders recovered from aged pavements and/or pavements using polymer modified binders (before treatment) exhibiting absolute viscosities ≥ 200,000 P (data becomes suspect, viscosity exceeds test capabilities) the viscosity reduction compliance requirement should be determined based on the complex modulus, G*, kPa.
632-6.6 Skid resistance. Special attention must be afforded to skid resistance based on the use of the pavement surfaces.
a. For runway surfaces. The pavement surface areas treated with rejuvenation product must be tested for skid resistance a minimum of forty-eight (48) hours after application of the rejuvenation product. The results of the friction evaluation must be equal or greater than the Maintenance Planning levels provided in Table 3-2, “Friction Level Classification for Runway Pavement Surfaces,” in AC 150/5320-12, Measurement, Construction, and Maintenance of Skid-resistant Airport Pavement Surfaces, when tested at speeds of 40 and 60 mph (65 and 95 km/h) with approved continuous friction measuring equipment (CFME).
b. For taxiway and apron surfaces. The skid resistance for taxiway and apron surfaces must be inspected by the Contractor and Engineer a minimum of forty-eight (48) hours after application of the rejuvenation product. In the event either the Contractor or the Engineer has concern on the skid resistance of these surfaces, the Contractor must exercise 632-4.6, Cure Time Remedial Option – Application of Sand, to the satisfaction of the Engineer.  Otherwise, the provisions of paragraph 632-6.6.a may be directed by the Engineer.
METHOD OF MEASUREMENT
632-7.1 Asphalt crack preparation and seal. The quantity of asphalt crack preparation and seal to be paid for must be the number of linear feet (m) performed in accordance with the plans and specifications and accepted by the Engineer.
632-7.2 Asphalt rejuvenation. The quantity of rejuvenation product to be paid for will be the number of square yards (sq m) performed in accordance with the plans and specifications and accepted by the Engineer. The Contractor must furnish the Engineer with the certified weigh bills when materials are received for the rejuvenation product used under this contract. The Contractor must not remove material from the tank car or storage tank until initial amounts and temperature measurements have been verified.
BASIS OF PAYMENT
632-8.1 Payment. Payment for accepted rejuvenation product will be made at the contract unit price per square yard (square meter) for bituminous rejuvenation adjusted according to paragraph 632-8.1.a. Payment for the crack preparation and seal will be made at the contract unit price per linear foot (linear meter).
a. Basis of adjusted payment. The payment for accepted rejuvenation product must be calculated in accordance with Table 3.
[bookmark: _Ref300050448][bookmark: _Toc300303605]Table 3. Rejuvenation Pay Reduction
	Binder Rejuvenation at Acceptance
% Reduction in Absolute Viscosity or Complex Modulus
	% Payment

	Pavement More Than
3 Years in Age
	Pavement Less Than
3 Years in Age
	

	≥ 40
	≥ 25
	100

	30.0 - 39.9
	20.0 - 24.9
	75

	Less than 30.0
	Less than 20.0
	No payment


b. Final payment. Final payment will not be made until rejuvenation success has been confirmed by acceptance testing, which does not occur until 30-45 days after application. Final payment will be full compensation for furnishing all materials and for all labor, equipment, tools, and incidentals necessary to complete the item. 
Payment will be made under:
Item P-632-1	Asphalt Crack Preparation and Seal – per linear foot (linear meter)
Item P-632-2	Asphalt Rejuvenation – per square yard (square meter)
TESTING REQUIREMENTS 
29 CFR Part 1910.1200	Hazard Communication
ASTM D140	Standard Practice for Sampling Bituminous Materials
ASTM D1856	Standard Test Method for Recovery of Asphalt from Solution by Abson Method
ASTM D2171	Standard Test Method for Viscosity of Asphalts by Vacuum Capillary Viscometer
ASTM D2172	Standard Test Methods for Quantitative Extraction of Bitumen from Bituminous Paving Mixtures
ASTM D2995	Standard Practice for Estimating Application Rate of Bituminous Distributors
ASTM D3549	Standard Test Method for Thickness or Height of Compacted Bituminous Paving Mixture Specimens
ASTM D3665	Standard Practice for Random Sampling of Construction Materials
ASTM D5340	Standard Test Method for Airport Pavement Condition Index Surveys
ASTM D5404	Standard Practice for Recovery of Asphalt from Solution Using the Rotary Evaporator
AASHTO T315	Standard Method of Test for Determining the Rheological Properties of Asphalt Binder Using a Dynamic Shear Rheometer (DSR)
AC 150/5320-12	Measurement, Construction, and Maintenance of Skid-Resistant Airport Pavement Surfaces
AC 150/5380-6	Guidelines and Procedures for Maintenance of Airport Pavements
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