S-1 (2360) PLANT MIXED ASPHALT PAVEMENT

□
Use on local agency projects only where the local agency does not want the maximum density specification to take and evaluate longitudinal joint cores.
□
All projects will use SP2005-250 (AGG. FOR SURFACE AND BASE COURSES) 

REVISED 1/19/09
SP2005-140
Mn/DOT 2360 is hereby deleted from the Mn/DOT Standard Specifications and replaced with the attached 2360 (Gyratory Design) Specification.
S-1.1 Mix Designation Numbers for the bituminous mixtures on this Project are as follows:

The Designer needs to fill in the numbers here.  Examples of what is needed are:
Type SP __ Wearing Course
SPWEB_40_

Type SP __ Non-Wearing Course
SPNWB_30_

Type SM ____  xx  Course
SMWEB640H

The Designer needs to let Special Provisions know how pavement smoothness will be evaluated.  If there is to be no pavement smoothness requirements on the job, then use S‑.4 instead of S-.2 or S-.3.
S-1.2 Pavement smoothness requirements will be evaluated by IRI Equation A or IRI Equation B or IRI Equation C as specified in Section 2360.7C of the attached 2360 (Gyratory Design) Specification.
OR

S-1.3 Pavement smoothness requirements will be evaluated by Section S-__ (PLANT MIXED ASPHALT PAVEMENT – PAVEMENT SMOOTHNESS SPECIFICATION – PERCENT IMPROVEMENT – IRI (International Roughness Index)) of these Special Provisions.

OR
S-1.4 Pavement smoothness requirements of 2360.7C will not apply on this Project.  The requirements of 2360.7B (Surface Requirements) will apply.

S-.5 is to be used on District 6 jobs only.

S-1.5 2360.2C4 of the attached 2360 (Gyratory Design) Specification is hereby modified with the following:

If crushed carbonate quarry rock (limestone or dolostone) is used the minus 75 (m [#200] sized portion of the rock insoluble residue shall not exceed 10% by weight. The insoluble residue test procedure is on file in the Mn/DOT Materials Laboratory.

Blending of sources and/or beds with an insoluble residue up to 15% is allowed to meet the 10% insoluble residue requirement.  Individual beds thinner than 150 mm [6 inches] up to 5% of the total face height, are exempt from the 15% maximum insoluble residue requirement. However, the aggregate producer shall practice good quality control at all times and exclude poor quality stone to the extent practical, regardless of the bed thickness and/or pocket size and location.

No carbonate quarry rock from the Platteville Geological Formation is allowed.

S-1.6 2360.6 of the attached Combined 2360 (Gyratory Design) Specification is hereby deleted and replaced with the following:

2360.6
PAVEMENT DENSITY 

A
General

All pavements will be compacted in accordance with the Maximum Density Method unless otherwise specified in the Contract special provisions or as noted in Section 2360.6C. 

B
Maximum Density Method

All courses or layers of plant mixed asphalt mixtures for which the Maximum Density Method is used shall be compacted to a density not less than the percentage shown in the Table of Required Density, Table 2360.6‑B2, for the applicable mixture and course.

B1
Maximum Density Determination

The Density requirements listed in Table 2360.6B2 are percent of maximum specific gravity (Gmm) based on the individual lot.  The Maximum specific gravity value used to calculate the percentage density for the lot shall be the average value obtained from the maximum gravity results from production tests taken during that days paving.  If only one or two maximum specific gravity values were obtained that day, then the moving average value (at that test point) shall be used.  If three or more maximum specific gravity values are obtained that day, then the average of those tests alone shall be used as indicated above.

B1a
Pavement Density Determination

The density of each lot shall be expressed as a percentage of the maximum specific gravity (% Gmm) obtained by dividing the average bulk specific gravity for the lot by the maximum specific gravity multiplied by 100, (maximum specific gravity basis is the average Gmm of QC tests done on the day that the individual lot was paved as described above).  Determination of the bulk specific gravity of the cores shall be in accordance with AASHTO T-166, Mn/DOT modified.  For coarse graded mixtures the Engineer may require determination of bulk specific gravity of the cores be in accordance with ASTM D6752 Mn/DOT modified (Corelok).  Both the Contractor and Mn/DOT shall use the same test method to determine bulk specific gravity.  The determination of coarse and fine graded mixtures will be based on the percentage of material passing the 2.365 mm sieve [#8] as defined in Table 2360.3‑B2c.

Compaction operations shall be completed within 8 hours of mixture placement and before core samples are obtained for density determination.  Only pneumatic tired or static steel rollers are permitted for any compactive effort performed between 6 and 8 hours after mixture placement.

Compacted mixtures represented by samples or tests having deficient densities shall not be re-rolled.  The Contractor shall not operate below the specified minimum density on a continuing basis.  A continual basis shall be defined as all lots in a day’s production failing to meet minimum density or more than 50% of lots on multiple days which fail to meet minimum density requirements.  Production shall be stopped until the source of the problem is determined and corrective action is taken to bring the work into compliance with specified minimum required density.

B2
Required Density

Minimum density requirements for both gyratory (SP) and Marshall designed mixtures are listed in Table 2360.6‑B2. 

Unless otherwise indicated in the Plans or Special Provisions, shoulders wider than 1.8 meters [6 feet] paved shall be compacted by the Maximum Density Method.  When shoulders are required to be compacted by the Maximum Density Method and are paved in a separate operation or have a different required minimum density than the driving lane, the lot tonnage placed on the shoulder shall be delineated in separate lots from the driving lanes for the day paving was conducted. 

Unless otherwise indicated in the Plans or Special Provisions a narrow shoulder, 1.8 meter [6 feet] or less wide, that is paved in the same pass as a driving lane or that is paved separately will be compacted by the Ordinary Compaction Method.  Mixture compacted under Ordinary Compaction is excluded from lot density requirements and that tonnage is also excluded from incentive/disincentive payment. 

If the Plans or Special Provisions indicate a narrow shoulder is to be compacted by the Maximum Density Method, the minimum required density is listed in Table 2360.6‑B2.  If the minimum required density of the shoulder is different than the driving lane, the tonnage placed on the shoulder shall be delineated in separate lots from the driving lane.

Echelon paving (two pavers operating next to each other in adjacent lanes) shall be considered separate operations.

Table 2360.6‑B2

Required Minimum Lot Density

	
	SP Wear and All MV and LV Mixtures (1)(2) 
	SP Nonwear (1)(2)
	SP Shoulders (1)(2)

	
	
	
	Designed at 3% voids
	Designed at 4% voids

	% Gmm
	92.0
	93.0
	93.0
	92.0


1)
Minimum reduced by one percent on the first lift constructed over PCC pavements.

2)
Minimum reduced by one percent for the first lift constructed on aggregate base (mainline and shoulder), reclaimed or cold inplace recycled base courses and first lift of an overlay on a roadway with a 6.35 metric ton [7 ton] or less spring load restriction (roadway includes shoulders). 

B2a 
Lots & Core Locations

Table 2360.6‑B2a

Lot Determination
	Daily Production
	Lots

	Metric (ton)
	[English (Ton)]
	

	270* – 545
	[300* – 600]
	1

	546 – 910
	[601 – 1,000]
	2

	911 – 1,455
	[1,001 – 1,600]
	3

	1,456 – 3,275
	[1,601 – 3,600]
	4

	3,276 – 4,545
	[3,601 – 5,000]
	5

	4,546 +
	[5,001 +]
	6


*When mix production is less than 270 metric tons [300 tons], establish 1st lot when accumulative tonnage exceeds 270 metric tons [300 tons].

Divide the days production into equal lots as shown in Table 2360.6‑B2a.  The Engineer may require additional density lots be established to isolate areas affected by equipment malfunction/breakdown, heavy rain, or other factors that may affect the normal compaction operations.  Obtain three cores in each lot.  Two cores will be taken from random locations selected by the Engineer.  The third core, a companion core, shall be taken within 0.3 meters [1 foot] longitudinally from either of the first two cores.  The companion cores shall be given to the Department Street Inspector immediately upon completion of coring and sawing.  The random locations will be determined by the Engineer using statistically derived stratified random number tables or other approved methods of random number generation.  These will also be used for partial lots.  Both transverse and longitudinal joints are subject to maximum density requirements.  If the random core location falls on an unsupported joint, at the time of compaction, (the edge of the mat being placed does not butt up against another mat, pavement surface, etc.) cut the core with the outer edge of the core barrel 0.3 meters [1 foot] away (laterally) from the edge of the top of the mat (joint).  If the random core location falls on a confined joint (edge of the mat being placed butts up against another mat, pavement surface, curb and gutter, or fixed face), cut with the outer edge of the core barrel 150 mm ± 12.5 mm [6 inches ± 0.5 inch] from the edge of the top of the mat (ex. center of 100 mm [4 inch] core barrel 200 mm ± 12.5 mm [8 ± 0.5 inches] from the edge of the top of the mat).  Cores will not be taken within 300 mm [1 foot] of any unsupported edge The Contractor shall be responsible for maintenance of traffic, coring, patching the core holes, and sawing the cores if necessary to the proper thickness prior to density testing.

B3
Core Testing

Cores will be taken and tested by the Contractor.  Core locations will be determined and marked by the Engineer.  The Contractor shall schedule the approximate time of testing during normal project work hours so that the Engineer may observe and record the saturated surface dry and immersed weight of the cores. 

Density determination will be made by the end of the next working day after placement and compaction.  If multiple layers are placed in a single day, cores shall be sawn and separated for each layer, tested and reported by the end of the next working day. 

The Contractor will cut pavement samples from the completed work with power equipment, and restore the surface by the end of the next working day with new, well compacted mixture without additional compensation.  Failure to restore the surface within 24 hours of coring shall subject the Contractor to a fine of $100 per working day, per lot, until the core holes are restored.  Cores shall be cut using a 100 mm [4 inch] minimum outer diameter coring device.  All samples shall be marked with the lot number and core number or letter.  The cores shall be transported to the laboratory as soon as possible to prevent damage due to improper handling or exposure to heat.  These companion cores may be tested by the Inspector on Department scales or transported to the Department’s Field Laboratory or District Materials Laboratory. 

Measure each core three times for thickness prior to saw cutting, report the average lift thickness on the core sheet.  These average thicknesses will contribute to thickness compliance as described in Section 2360.7A

If the Department companion core test result for bulk specific gravity (Gmb) deviates beyond the allowable tolerance of 0.030, substitute Department companion result for Contractor’s core result and then average the Department result with the non-companion result for the lot density acceptance. If, through analysis of data, it is determined there is a bias in the test results, the Engineer will determine which results are appropriate and shall govern. 

If the Gmb tolerance fails in more than 2 lots in a day of either consistently high or low differences between the companion cores then an investigation to determine the source of errors shall be conducted.  Companion cores samples shall be increased to two per lot and tested until investigation is complete and tolerances are met. 

The Engineer may allow recoring of a sample only when the core has been damaged through no fault of the Contractor, either during the coring process or in transit to the laboratory. 

B4
Maximum Density Acceptance and Payment Schedule

The density of compacted mixture shall be accepted by pavement cores on a lot basis. 

The Contractor’s cores will be used for acceptance if the determined bulk specific gravity Gmb from AASHTO T‑166, Mn/DOT modified or ASTM D6752 Mn/DOT modified (Corelok) is within + 0.030 of the state companion Gmb value.  Payment for lot densities of compacted mixture shall be determined from Table 2360.6‑B4 or 2360.6‑B4A.  Incentive and disincentive payments are for both wearing and non‑wearing courses.
When the density requirement has been reduced by one percent, per Table 2360.6‑B2, footnote 1 & 2, payment adjustments for lot densities will be made as specified in Table 2360.6‑B4A.  Incentive payments are excluded when the minimum density has been reduced.  However, at the Contractors request and with approval of the Engineer, the reduced density requirement may be waived and density evaluated under Table 2360.6‑B4, including incentives, for first lift constructed on aggregate base, reclaimed or cold inplace recycled base courses and first lift of an overlay on a roadway with a 6.35 metric ton [7 ton] or less spring load restriction (reduced density shall not be waived for the first lift constructed on PCC pavements).  The request and approval shall be made after the first days paving and before the third days paving begins.  Once the request has been approved, evaluation of density will be in accordance with Table 2360.6‑B2 (excluding footnote 2) and Table 2360.6‑B4, and will remain in effect for the duration of mixture placement on that lift.  The Contractor will also be responsible for compliance with any construction requirements on subsequent lifts.

Table 2360.6‑B4

Payment Schedule for Maximum Density

	Percent of Max Specific Gravity (2)
SP Wear 

All MV & LV , SP Shld (4% Void)
	Percent of Max Specific Gravity (2)
SP Non‑Wear 

SP Shoulders (3% Void)
	Percent

Payment

	93.6 and above
	94.6 and above
	104 (3)

	93.1 - 93.5
	94.1 - 94.5
	102 (3)

	92.0 - 93.0
	93.0 - 94.0
	100

	91.0 - 91.9
	92.0- 92.9
	98

	90.5 - 90.9
	91.5 - 91.9
	95

	90.0 - 90.4
	91.0 - 91.4
	91

	89.5 - 89.9
	90.5 - 90.9
	85

	89.0 - 89.4
	90.0 - 90.4
	70

	Less than 89.0 (4)
	Less than 90.0
	(4)


Table 2360.6‑B4A (1)
1% Reduced Table

	Percent of Max Specific Gravity (2)
SP Wear 

All MV & LV , SP Shld (4% Void)
	Percent of Max Specific Gravity (2)
SP Non‑Wear 

SP Shoulders (3% Void)
	Percent

Payment

	91.0 and above
	92.0 and above
	100

	90.0 - 90.9
	91.0- 91.9
	98

	89.7 - 89.9
	90.5 - 90.9
	95

	89.4 - 89.6
	90.0 - 90.4
	91

	89.2 - 89.3
	89.5 –89.9
	85

	89.0 - 89.1
	89.0 - 89.4
	70

	Less than 89.0 (4)
	Less than 89.0
	(4)


(1)
Minimum reduced by one percent for the first lift constructed on aggregate base (mainline and shoulder), reclaimed or cold inplace recycled base courses and first lift of an overlay on a roadway with a 6.35 metric ton [7 ton] or less spring load restriction (roadway includes shoulders). 

Minimum reduced by one percent on the first lift constructed on PCC pavements (reduced density cannot be waived).

(2)
In calculating the percent of maximum specific gravity, report to the nearest tenth. 

(3)
The payment in this portion of the specification shall apply only if the day’s weighted average individual production air voids are within - 0.5 percent of the target air void value. The weighted average air voids shall be based on all the mixture production tests (2360.4e) for the corresponding day and shall be weighted by the tons the corresponding test represents. 

(4)
The HMA material represented by the lot shall be paid at a 70% pay factor, unless a single core density is less than 87.0% of the maximum specific gravity (Gmm).  If a single core density is less than 87.0% of Gmm, the Engineer will decide whether the mixture is subject to removal and replacement or reduced payment.  Reduced payment will be 50 percent of the Contract bid price. If the mixture is to be removed and replaced, the Contractor at his expense will remove and replace with mixture that meets the density requirement.  The limits of the area to be removed and replaced will be determined by additional core samples.  These additional core samples shall be taken at the same offset from centerline as the original core; unless the original low density core was taken within 0.45 m [1.5 feet] of an edge of the paver pass.  In that case, the additional cores shall be taken 0.45 m [1.5 feet] from the edge of the paver pass.  The densities shall be determined at 15 m [50 foot] intervals, both ahead and back of the point of unacceptable core density (less than 87.0% of Gmm), until a point of acceptable core density (87.0% of Gmm or greater) is found.  If the incremental core density testing extends into a previously accepted lot, removal of the unacceptable material will be required; however, the results of these tests shall not be used to recalculate the previously accepted lot density. All costs incurred from additional coring and testing, resulting from unacceptable core density, will be paid by the Contractor.  The unacceptable pavement area is to be computed as the product of the longitudinal limits so determined by the 15 m [50 foot] cores and the full width of the paver pass, laying in the traffic lane or lanes.  Shoulders shall be exempt from this calculation unless density failure occurred in the shoulder area.

After the unacceptable material (core density less than 87.0% of Gmm) has been removed and replaced, the density of the replacement material will be determined by the average of two cores.  Payment for the replacement material will be in accordance with Tables 2360.6‑B4 or 2360.6‑B4A, whichever applies.  There will be no payment for the material removed.  The remainder of the original lot shall have a 70% pay factor. 

C
Ordinary Compaction Method

Ordinary compaction shall be used for layers identified in the typical sections with a minimum planned thickness of less than 40 mm [1 1/2 inches], thin lift leveling, wedging layers, patching layers, driveways, areas which cannot be compacted with standard highway construction equipment.  Unless otherwise indicated in the Plans or Special Provisions recreational trails shall also be compacted by ordinary compaction.  The ordinary compaction method shall not be used on mainline, ramp, or loop paving, unless otherwise designated in the plans or special provisions.  When density is evaluated by the ordinary compaction method a control strip shall be used to establish a rolling pattern.  This shall be used by the Contractor for the compaction of the asphalt mixture for the layer on which the control strip is constructed, or until a new control strip is constructed.  The control strip requirement may be waived, by the Engineer, in small localized areas or other areas not conducive to its establishment.

A control strip shall be constructed at the beginning of the work on each lift of each course.  Each control strip shall have an area of at least 330 m2 [395 square yards] and shall be of the same thickness as the lift it represents.  The subgrade or pavement course upon which a control strip is to be constructed shall have the prior approval of the Engineer.  The control strips shall remain in place and become part of the completed work.

The materials used in the construction of the control strips shall conform to the specified requirements for the course.  The materials used in the control strip shall be from the same source and of the same type as the materials used in the remainder of the course that the control strip represents.

The equipment used in the construction of the control strips shall be approved by the Engineer and shall be the same type and mass used on the remainder of the pavement course represented by the control strip.  A minimum of two rollers shall be required.  A rolling pattern shall be established for each roller.  A pneumatic‑tired roller shall be available for compaction operations within 24 hours after request by the Engineer.  The final rolling shall be performed with a tandem steel‑wheeled roller.  Areas that are inaccessible to the conventional type rolling equipment shall be compacted to the required density by using trench rollers or mechanical tampers.

Construction of the control strips will be as directed by the Engineer.  Compaction shall commence as soon as possible after the mixture has been spread to the desired thickness and shall continue until no appreciable increase in density can be obtained by additional roller’s coverages.  Densities will be determined by means of a portable nuclear testing device or suitable approved alternate and a growth curve shall be developed to determine the optimum rolling pattern.  The Contractor shall furnish documentation of the growth curve to the Engineer.

To determine when no appreciable increase in density can be obtained, two test points shall be established in the control strip on a random basis and the density at each point shall be measured by a portable nuclear device or suitable approved alternate after each roller pass.  Rolling shall be suspended when testing shows either a decline of more than 2% of the maximum specific gravity or when additional roller passes fail to increase the density.

After said testing is accomplished, rolling on the remainder of that course shall be done in accordance with the pattern developed in the test strip for that roller.  A separate rolling pattern and time interval shall be established for each roller. 

A new control strip shall be ordered by the Engineer when:

(a)
A change in the JMF is made, or

(b)
A change in the source of material is made or a change in the material from the same source is observed. 

A new control strip may be ordered by the Engineer or requested by the Contractor when:

(a)
Ten days of production have been accepted without construction of a new control strip, or

(b)
There are other reasons to believe that a control strip density is not representative of the HMA mixture being placed.

The nuclear testing device shall be furnished and operated by the Contractor.  The furnishing of the testing device and the operator will be considered incidental to the furnishing and placement of the HMA mixture and shall not be compensated for separately.  The device shall be calibrated according to procedures described in the Mn/DOT Bituminous Manual.

Each course shall be uniformly compacted until there is no further evidence of consolidation and all roller marks are eliminated.  When this method is employed, and the quantity of mixture placed by the paver exceeds 100 metric tons [110 tons] per hour, at least two rollers are required for compacting the mixture placed by each paver.

C1
Rollers

The following requirements for rollers apply only when compaction is obtained by the ordinary compaction method.

C2
Steel‑Wheeled Rollers 

Steel‑wheeled rollers shall be self‑propelled and has a minimum total mass of 7.3 metric tons [8 tons], or as otherwise specified in the Contract.  When vibratory rollers are used, they shall produce 45 kN per meter [3,085 lbf per foot] of width.  The frequency should be at least 2400 vpm and amplitude setting low.  The roller shall be capable of reversing without backlash and shall be equipped with spray attachments for moistening all rollers on both sets of wheels.

C3
Pneumatic‑Tired Rollers  

The pneumatic-tired roller shall have a compacting width of 1.5 m [5 feet] or more.  It shall be so constructed that the gross wheel load force shall be a minimum of 13 kN [3,000 pounds] per wheel for LV and MV mixtures and SP Level 2-3 mixtures and 22 kN [5,000 pounds] per wheel for SP Level 4-6 mixtures and can be varied as directed by the Engineer.  The tire arrangement shall be such that full compaction will be obtained over the full width with each pass of the roller.

The roller may be self propelled or provided with suitable tractive equipment, unless otherwise specified in the Contract.  If more than one roller is propelled by a single tractive unit, then that combination will be counted as a single roller unit.  

C3a
Vibratory Pneumatic‑Tired Rollers  

Vibratory pneumatic-tired rollers shall be self-propelled and have a minimum total mass of 7.3 metric tons [8 tons], or as otherwise specified in the Contract.  The compacting width shall be 1.5 m [5 feet] or more.  The tire arrangement shall be such that full compaction will be obtained over the full width with each pass of the roller.

C4
Trench Rollers

Trench rollers shall be self propelled and have a mass of not less than 4 400 kg per meter [2,960 pounds per foot] of width.

C5
Mixture Temperature Controls

If compaction is obtained by the ordinary compaction method, the minimum laydown temperature in all courses (as measured behind the paver or spreading machine) of the asphalt mixture shall be in accordance with the temperature requirements of Table 2360.6‑C5. Unless directed by the Engineer in writing, no paving is allowed under the Ordinary Compaction Method when the air temperature is below 0°C [32°F].

Table 2360.6‑C5

Mixture Temperature Control

	Air Temperature
	Compacted Mat Thickness, mm (A)

	°C [°F]
	25 mm [1 inch]
	40 mm [1-1/2 inch]
	50 mm [2 inch]
	>75 mm [3 inch]

	+0-5 [32-40]
	--
	129 (B) [265]
	124 [255]
	121 [250]

	+ 6-10 [41-50]
	130 (B) [270]
	127 [260]
	121 [250]
	118 [245]

	+ 11-15 [51-60]
	127 (B) [260]
	124 [255]
	118 [245]
	115 [240]

	+ 16-21 [61-70]
	121(B) [250]
	118 [245]
	115 [240]
	113 [235]

	+ 22-27 [71-80]
	118 [245]
	115 [240]
	113 [235]
	113 [235]

	+ 28-32 [81-90]
	113 [235]
	110 [230]
	110 [230]
	110 [230]

	+ 33 [91+]
	110 [230]
	110 [230]
	110 [230]
	107 [225]


(A)
Based on approved or specified compacted lift thickness.

(B)
A minimum of one pneumatic-tire roller shall be used for intermediate rolling unless otherwise directed by the Engineer.  The Engineer may specify or modify in writing (with concurrence from the Department Bituminous Engineer) a minimum laydown temperature.

