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Added sec 413.32.6.4 to include  minimum non- carbonate % for mixtures with limestone aggregates.
Amend Division 400 to include the following:

SECTION  TC "604Miscellaneous Drainage" 413

PREVENTIVE MAINTENANCE TREATMENTS

SECTION 413.10 BLANK.

SECTION 413.20  BLANK.

 TC "604.20Adjusting Drainage Facilities" SECTION 413.30 XE "Manholes:Adjusting"   ULTRATHIN BONDED WEARING SURFACE XE "Drop Inlets:Adjustment of" 

 XE "Drainage:Adjusting Drainage Facilities" 
413.31  Description.  This specification covers material and construction requirements for producing and placing an ultrathin bonded wearing surface.  

413.32  Material.  All aggregate supplied for the ultrathin bonded wearing surface shall be produced under MoDOT Aggregate QC/QA specifications.  An aggregate quality control plan will be required.
413.32.1  Coarse Aggregate.  Coarse aggregate, material predominantly retained above the No. 4 (4.75 mm) sieve, shall be from approved sources and shall be in accordance with Sec 1002.1 and specifically as follows:

	Test
	Method
	Min
	Max

	Los Angeles Abrasion Value, % Loss
	AASHTO T 96
	
	35

	Soundness, % Loss, Sodium Sulfate
	AASHTO T 104
	
	12

	Flat & Elongated Ratio, % @ 3:1
	ASTM D 4791
	
	25

	% Crushed, single face
	ASTM D 5821
	100
	

	% Crushed, two faces
	ASTM D 5821
	85
	

	Micro-Deval, % loss
	AASHTO TP58-99
	
	18


413.32.1.1  Coarse aggregate may consist of crushed gravel, limestone, dolomite, porphyry, steel slag, or flint chat, or blends of two or more of these will be acceptable.  When coarse aggregate for these mixes are from more than one source or of more than one type of material, they shall be proportioned and blended to provide a uniform mixture.

413.32.2  Fine Aggregate.  Fine aggregate shall be part of the asphalt mastic.  Fine aggregate, predominantly passing the No. 4 (4.75 mm) sieve, shall be from approved sources and specifically as follows:

	Tests
	Method
	Min
	Max

	Sand Equivalent
	AASHTO T 176
	45
	

	Methylene Blue 
	AASHTO TP 57
	
	10

	Uncompacted Void Content
	AASHTO T 304
	40
	


413.32.3  Mineral Filler.  Mineral filler may be used to aid in meeting the gradation requirements.  Hydrated lime and Type 1 Portland cement will be acceptable as mineral filler.  Mineral filler shall be in accordance with the following:

	Sieve
	Percent Passing

	No. 30 (600 μm)
	100%

	No. 200 (75 μm)
	75-100%


413.32.4  Asphalt Binder.  The asphalt binder shall be in accordance with Sec 1015.2, including all subsections for PG76-22 and specifically as follows:

	Tests
	Method
	Min.
	Max.

	Separation Test, %
	AASHTO PP-5
	
	10

	Elastic Recovery Test, %
	ASTM D 6084
	65
	


413.32.5 Polymer Modified Emulsion Membrane.  The anionic or cationic emulsion shall be polymer modified and shall be in accordance with one of the following:

Anionic Polymer Modified Emulsion Membrane (PEM-1)
	Tests on Emulsion
	Method
	Min.
	Max.

	Viscosity, Saybolt Furol @122(F (50 C), s
	AASHTO T59
	25
	125

	Storage Stability Test *, 24 h, %
	AASHTO T59
	
	1

	Sieve Test **
	AASHTO T59
	
	0.05

	Residue by Distillation ***, %
	AASHTO T59
	63
	

	Oil Distillate by Distillation, %
	AASHTO T59
	
	2

	Demulsibilty, %
	35 ml, 0.02 N CaCl2
	AASHTO T59
	60
	


Cationic Polymer Modified Emulsion Membrane (CPEM-1)
	

	Tests on Emulsion
	Method
	Min.
	Max.

	Viscosity, Saybolt Furol @122(F (50 C), s
	AASHTO T59
	25
	125

	Storage Stability Test *, 24 h, %
	AASHTO T59
	
	1

	Sieve Test **
	AASHTO T59
	
	0.05

	Residue by Distillation ***, %
	AASHTO T59
	63
	

	Oil Distillate by Distillation, %
	AASHTO T59
	
	2

	Demulsibility, %


	35 ml, 0.8% dioctyl sodium sulfosuccinate
	AASHTO T59
	60
	


Tests on Residue From Distillation (for cationic and anionic)
	Penetration
	AASHTO T49
	90
	150

	Elastic Recovery, %
	AASHTO T301
	60
	


	*Note:  After standing undisturbed for 24 hours, the surface shall show no white, milky colored substance, but shall be a smooth homogeneous color throughout.
** Note:  The sieve test is waived if successful application of the material has been achieved in the field.
*** Note:  AASHTO T59 with modifications to include a 400 F ± 10 F (205 C ± 5 C) maximum temperature to be held for a period of 15 minutes.


413.32.6 Mix Design.  At least 30 days prior to placing any mixture on the project, the contractor shall submit a mix design to Project Operations for approval.  Representative samples from each ingredient for the mix shall be submitted with the mix design.  The mix design shall be in accordance with the following:

Composition by weight (mass) percentages
	
	Type A
	Type B
	Type C

	Sieves
	% Passing
	% Passing
	% Passing

	3/4 in. (19.0 mm)
	
	
	100

	1/2 in. (12.5 mm)
	
	100
	85 – 100

	3/8 in. (9.5 mm)
	100
	85 – 100
	60 – 80

	No. 4 (4.75 mm)
	40 – 55
	28 – 38
	28 – 38

	No. 8 (2.36 mm)
	22 – 32
	25 – 32
	25 – 32

	No. 16 (1.18 mm)
	15 – 25
	15 – 23
	15 – 23

	No. 30 (600 μm)
	10 – 18
	10 – 18
	10 – 18

	No. 50 (300 μm)
	8 – 13
	8 – 13
	8 – 13

	No. 100 (150 μm)
	6 – 10
	6 – 10
	6 – 10

	No. 200 (75 μm)
	4 – 7
	4 – 7
	4 – 7

	Asphalt Content, %
	5.0 – 5.8
	4.8 – 5.6
	4.6 – 5.6


413.32.6.1  Limits of the target application rate of the asphalt emulsion shall be 0.20 ( 0.07 gallons per square yard (0.9 ( 0.3 L/m2).  The mix design shall determine the target application range.

413.32.6.2  Drain down from the loose mixture shall not exceed 0.10 percent when tested in accordance with AASHTO T 305.

413.32.6.3  The mixing and compaction temperatures shall be those recommended by the PG binder supplier.  The tensile strength shall meet or exceed 80 percent when tested in accordance with AASHTO T 283 with the following modifications:

(a)  Section 4.1 - One freeze cycle will be required.

(b)  Section 5.1 - AASHTO T 312 will be allowed as an alternative compaction method.

(c)  Section 6.2 - Specimens 4 inches (100 mm) in diameter and 2.5 inches (63.5 mm) thick shall be used.

(d)  Section 6.5 - After curing, the mixture shall be placed in an oven set at the appropriate compaction temperature and the material shall be aged for 2 hours prior to compaction. The mixture shall be compacted in accordance with AASHTO TP-4.  The compactive effort shall be stopped when either 7.0 ± 0.5 percent air voids is attained or when 100 gyrations are achieved, whichever occurs first.

(e)  Section 6.6 – Specimens shall be stored a minimum of 72 hours before the specimens are evaluated in accordance with Section 8.

(f)  Section 9.3.2 - Prior to placing the specimen in the vacuum vessel, a sheet of plastic film shall be placed on the balance to ensure any water draining from the specimen is not lost, and the balance shall be zeroed.  The SSD mass of the specimen shall be determined within two minutes of removing the sample from the vacuum vessel.

(g)  Section 9.3.3 – The degree of saturation shall be calculated.  Degrees of saturation shall be between 55 and 65 percent as determined by comparing SSD mass to the vacuum SSD mass of the specimen.

(h) Section 9.3.4.2 - If the degree of saturation is acceptable, the specimen shall be wrapped with the plastic film and placed in a plastic bag containing 0.003 gallons (10 mL) of water.  Within 2 minutes of placing the specimen in the bag, the specimen shall be placed in the freezer.  All moisture draining from the specimen during the process shall be collected by the plastic film and shall not be discarded.

413.32.6.4  Mixtures containing limestone coarse aggregate shall contain a minimum amount of non-carbonate aggregate as shown in the table below, or the aggregate blend shall have an acid insoluble residue (A.I.R.), MoDOT TM-76, meeting the plus No. 4 (4.75 mm) criteria of crushed non-carbonate material.  Non-carbonate aggregate shall have an A.I.R. of at least 85 percent insoluble residue.

	Coarse Aggregate (+ No. 4)
	Minimum Non-Carbonate by Volume

	Limestone
	30% Plus No. 4

	Dolomite
	No Requirement


413.32.6.5  The mixture shall not contain reclaimed material.

413.33  Construction Requirements.

413.33.1.  Weather Limitations.  Mix shall not be placed (1) when either the air temperature or the temperature of the surface on which the mixture is to be placed is below 50 F (10 C), (2) on wet or frozen surface, or (3) when weather conditions prevent the proper handling or finishing of the mixture.  A damp pavement surface may be acceptable for placement if free of standing water and favorable weather conditions are expected to follow. 

413.33.2  Equipment.  The paver shall be capable of spraying the polymer modified asphalt emulsion membrane, applying the hot mix asphalt overlay and leveling the surface of the mat in one pass.  Wheels or other parts of the paving machine shall not come in contact with the polymer modified emulsion membrane before the hot mix asphalt concrete wearing course is applied.  The screed shall have the ability to crown the pavement at the center and have vertically adjusted extensions to accommodate the desired pavement profile.

413.33.3  Surface Preparation.  Immediately prior to placing the ultrathin bonded wearing surface, the roadway surface shall be thoroughly cleaned of all vegetation, loose material, dirt, mud and other objectionable material.  All non-working surface cracks with an opening size exceeding 1/4 inch (6 mm) and any size working crack shall be sealed prior to placement of the ultrathin bonded wearing surface.  Immediately prior to spraying the polymer modified emulsion membrane, the surface shall be free of fresh bituminous mix.  The ultrathin bonded wearing surface shall not be placed until the sealant has cured.  Curing time of sealant shall be in accordance with the manufacturer’s recommendations.

413.33.4  Application.  The polymer modified emulsion membrane application shall be applied in accordance with the manufacturer’s recommendations.  The sprayer shall accurately and continuously monitor the rate of spray and provide a uniform application across the entire width to be overlaid.  The engineer may make adjustments to the spray rate based upon the existing pavement surface conditions and the recommendations of the polymer modified emulsion membrane manufacturer.

413.33.4.1  The hot mix asphalt concrete shall be applied at a temperature of 290 to 330 F (143 to 166 C) and shall be spread over the polymer modified emulsion membrane immediately after the application of the polymer modified emulsion membrane.  The hot asphalt concrete wearing course shall be placed over the full width of the polymer modified emulsion membrane with a heated vibratory-tamping bar screed.  A Material Transfer Vehicle (MTV), in accordance with the contract documents, shall be used for the transfer of the ultrathin bonded wearing course mixture.  For handwork, the hot mix asphalt shall be applied within five minutes after the application of the polymer modified emulsion membrane. 

413.33.4.2  The target application rate of the ultrathin bonded wearing course shall be as shown on the plans.  The field application rate shall minimize fracturing of the top size aggregate by the screed.  The engineer will determine the acceptable extent of fracturing at the edges for tapering purposes.

413.33.5  Rolling.  Rolling of the wearing course shall consist of no more than three passes immediately following placement of the ultrathin bonded wearing course with a steel, double-drum, asphalt roller with a minimum weight of 10 tons (9 Mg).  All rolling shall be completed before the material temperature has fallen below 195 F (91 C).  Roller(s) shall be equipped with a functioning water system and scrapers to prevent adhesion of the fresh mix onto the roller drums.  An acceptable release agent, approved by the engineer, may be added to the water system to prevent adhesion of the fresh mix to the roller drum and wheels.  Rolling shall be done in the static mode.  Excessive rolling of the driving lanes, to the extent of aggregate degradation, will not be permitted.  The engineer will determine the acceptable extent of fracturing at the edge of the pavement from the rolling operation.  New pavement shall not be opened to traffic nor shall any roller sit idle on the pavement until the rolling operation is complete and the material has been cooled below 160 F (70 C).

413.33.6  The finished wearing course shall have a minimum thickness of 1/2 inch (12.5 mm) for Type A, 5/8 inch (15.9 mm) for Type B, and 3/4 inch (19 mm) for Type C.

413.34  Acceptance.  Acceptance will be based on test results indicating the ultrathin bonded wearing surface meets the specification requirements, the contractor following the approved QC Plan, and favorable comparison of the contractor’s QC test and the engineer’s QA test.

413.35  Quality Control.

413.35.1  Quality Control Operations.  The contractor shall maintain equipment and qualified personnel to perform all QC field inspection, sampling and testing.  All contractor personnel shall be qualified by the MoDOT Technician Certification Program.  Under no circumstances will unqualified personnel be allowed to perform QC sampling or testing.

413.35.1.1  The contractor shall record all test results and furnish a copy to the engineer by the next working day.

413.35.1.2  The contractor shall maintain all mixture test results in an organized format that shall be available to the QA inspector at all times.

413.35.2  Quality Control Plan.  Prior to approval of the mix design by the engineer, the contractor shall submit a QC Plan to Project Operations for approval.  The QC Plan shall include the following:

(a)  A list of personnel with corresponding authority and responsibilities.

(b) A description of how the contractor proposes to control production in order to assure all material incorporated into the project meets the applicable specification requirements.

(c) A plant calibration description.

(d) Frequency of the tests, the point where samples will be obtained, and the format for recording test data and submitting it to the engineer.

(e) Outline action to be taken if mix does not comply with quality control tolerances.

413.35.2.1  Plant and equipment calibrations shall be performed by the contractor.  Records shall be made available to the engineer at least 24 hours prior to any mixture being placed on the project.

413.35.2.2  All samples taken by the contractor and required to be retained for the engineer shall be maintained in clean, covered containers, without contamination, readily accessible to the engineer.  All hot mix asphalt loose mix samples for determination of the asphalt binder content shall be retrieved from the hot elevator at the asphalt plant or from the transport truck at the plant by random sampling.  Retained samples shall be stored for a minimum of seven calendar days.  The sample’s identification shall consist of, but is not limited to:


(a)  Time and date of sample.


(b)  Type of sample (i.e. hot elevator, truck).


(c)  Lot and sublot designation.


(d)  Sampler/Tester name.

413.35.2.3  For each hot bin or cold feed gradation sample taken, the contractor shall retain for the engineer the portion of the sample not tested after reducing the original sample to testing size.

413.35.2.4  Sampling locations will be determined by the engineer using random sampling procedures in accordance with ASTM D 3665.

413.35.2.5  Sieve analysis shall be performed for each 300 tons (300 Mg) of mixture produced.  Sieve analysis shall be in accordance with AASHTO T 11 and AASHTO T 27.

413.35.2.6  The asphalt binder content shall be determined for each 300 tons (300 Mg) of mixture produced.  Tests shall be in accordance with MoDOT Test Method T54, AASHTO T287 or AASHTO T 308.

413.35.3 Gradation and Asphalt Binder Tolerances.  In producing mixtures for the project, the plant shall be operated such that no intentional deviations from the job-mix formula are made.  The maximum variations from the approved job-mix formula shall be within the following tolerances:

Percent Passing
	Sieves
	Type A
	Type B
	Type C

	3/4 in. (19.0 mm)
	-
	-
	-

	1/2 in. (12.5 mm)
	-
	-
	± 5.0

	3/8 in. (9.5 mm)
	-
	± 5.0
	-

	No. 4 (4.75 mm)
	± 5.0
	± 4.0
	± 4.0

	No. 8 (2.36 mm)
	± 4.0
	± 4.0
	± 4.0

	No. 16 (1.18 mm)
	± 4.0
	-
	-

	No. 200 (75 μm)
	± 1.5
	± 1.5
	± 1.5

	Asphalt Content, %
	± 0.3
	± 0.3
	± 0.3


413.35.3.1  The application rate of the polymer emulsion membrane shall be verified by dividing the volume of polymer modified emulsion membrane used by the area of paving for that day.

413.35.3.2  The contractor may make field adjustments to the job mix formula as noted herein.  The adjusted job mix formula shall meet the mix design requirements of Sec 413.32.6.  The engineer shall be notified immediately when any change is made in the cold feed settings, the hot bin settings or the binder content.  Additional fractions of material or new material will not be permitted for field adjustments.

413.35.3.3  As directed by the engineer the contractor shall remove and replace defective areas at the contractor’s expense with material meeting specification requirements.

413.36  Quality Assurance.  All QA field inspection, sampling and testing will be performed by a qualified MoDOT technician.  The QA inspector shall have free access to all testing equipment used by the mixture producer and any workbooks, records or control charts maintained by the mixture producer for the QC process.  The QA inspector shall also have sufficient access to the plant grounds in order to assure compliance with the approved QC Plan.

413.36.1  Corrective action shall be required for any QA tests outside the QC tolerances shown in Sec 413.35.3.  The engineer will, at a minimum, independently sample and test at the following frequency:
	Sample
	Frequency

	Aggregate Gradation
	1 per day

	Asphalt Binder Content
	1 per day


413.36.1.1  The engineer will test, as a minimum, one retained QC gradation sample and one retained QC asphalt binder content sample per calendar week.  The engineer’s test results, including all raw data, will be made available to the contractor by the next working day.

413.36.1.2  Favorable comparison will be achieved when test results are within the specified tolerances shown in Sec 413.35.3.

413.37  Pavement Marking.  Pavement markings shall be replaced in accordance with the contract documents.

413.38  Method of Measurement.  Measurement of ultrathin bonded wearing surface will be made to the nearest square yard, complete in place, and accepted by the engineer.

413.39  Basis of Payment.  The accepted quantity of ultrathin bonded wearing surface will be paid for at the contract unit price and will be considered full compensation for all labor, equipment and material to complete the described work. 

 TC "604.10Concrete Headwalls, Drop Inlets and Manholes" SECTION 413.40 XE "Manholes" 

 XE "Headwall for Culvert" 

 XE "Drop Inlets:Concrete" 

 XE "Drainage:Fittings:Manholes" 

 XE "Drainage:Drop Inlets" 

 XE "Drainage:Concrete Headwalls" 

 XE "Culverts:Corrugated Metal Pipe and Pipe-Arch Culverts:Concrete Headwalls for"   BITUMINOUS FOG SEALING XE "Culverts:Rigid Pipe, Culverts, Storm Drains and Sewers:Concrete Headwalls" 
413.41  Description.  This work shall consist of furnishing diluted asphalt emulsion, and preparing and sealing surfaces by means of a bituminous distributor.

413.42  Material.  Asphalt emulsion grade SS-1 or SS-1H shall be in accordance with Sec 1015 and shall be used unless otherwise directed by the engineer.  Equipment shall be in accordance with Sec 405.

413.43  Construction Requirements.
413.43.1  Asphalt emulsion shall be applied only during weather conditions under which satisfactory application and curing can be obtained.  Asphalt emulsion shall not be placed on a damp or wet surface except as approved by the engineer.  The surface shall be cleaned prior to sealing.

413.43.2  The asphalt emulsion shall be diluted with water prior to application.  The dilution rate shall be as shown on the plans or as directed by the engineer.  The contractor shall provide documentation to the engineer that the specified coating system has been properly diluted.

413.43.3  The diluted asphalt emulsion shall be uniformly applied at the rate of 0.20 gallons per square yard (0.90 L/m2) surface.  The application rate may be adjusted as directed by the engineer.  Application widths shall be such that the entire surface is covered in one application.

413.43.4  Care shall be taken such that asphalt emulsion is applied only to designated areas.  Sand dams or other approved means may be necessary to prevent emulsion from being applied outside of designated areas.  Pavement markings obliterated by this operation shall be replaced by the contractor at the contractor’s expense unless otherwise provided for in the contract.  The asphalt emulsion as applied shall have an appearance satisfactory to the engineer.

413.43.5  After application of the sealant, the surface shall be tack-free and capable of being open to traffic within four hours without tracking.

413.44  Method of Measurement.  Measurement of the undiluted asphalt emulsion to the nearest gallon (liter) will be made as specified in Sec 1015, complete in place, and accepted by the engineer.  Sand will not be measured for payment.

413.45  Basis of Payment.  The accepted quantity of bituminous fog seal will be paid for at the contract unit price per gallon (liter) for undiluted asphalt emulsion for seal that is mixed and used on the project.  Payment will be considered full compensation for all labor, equipment and material to complete the described work.  Diluted asphalt emulsion that is delivered to the job site but not applied to the surface will not be considered for payment.

