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Performance Engineered Mixtures for Concrete Pavement JSP-26-01

1.0  Description.  Performance Engineered Mixtures (PEM), as specified herein, are required on this project for all Sec 501 Portland Cement Concrete Paving (PCCP) mixtures.  PEM mixtures shall be in accordance with Section 2.0 and constructed in accordance with Section 3.0 for concrete pavement and Section 4.0 for concrete overlays.  Associated Test Methods, TM-97, TM-98 and TM-99, are in Sections 5.0, 6.0 and 7.0 respectively.  No additional payment will be made for compliance with these provisions.

2.0  Delete Sec 501 in its entirety and substitute the following:

501  CONCRETE

501.1  Description.  Concrete shall consist of a mixture of cement, fine aggregate, coarse aggregate and water, combined in the proportions specified for the various classes.  Admixtures may be added as specifically required or permitted.

501.2  Material.  All material shall be in accordance with Division 1000, Material Details, and specifically as follows:

	Item
	Section

	Coarse Aggregatea
	1005.2

	Fine Aggregatea
	1005.3

	Slag Cement
	1017

	Fly Ash
	1018

	Cement
	1019

	Concrete Admixture
	1054

	Concrete Tinting Material
	1056

	Water
	1070


aRegardless of the gradation of the coarse and fine aggregate used in concrete for pavement or base, the aggregate shall meet the quality requirements of coarse and fine aggregate for concrete pavement.

501.2.1  Aggregate Acceptance.  Quality control (QC) sampling and testing will be performed by the contractor and quality assurance (QA) sampling and testing will be performed by the engineer for aggregate in Type IL or Portland Cement Concrete Masonry (PCCM) in accordance with the following table at the last possible point of incorporation into the project.  Aggregate samples may be taken either by sampling the flowing aggregate stream or upon approval by the engineer, from the stockpile.  Aggregate samples shall be taken in accordance with AASHTO R 90.

	Item
	Property
	QC Test Frequency
	QA Test Frequency

	Portland Cement Concrete Masonry
(PCCM)
	Gradation of Coarse Aggregate - AASHTO T 27 and T 11
	One per 500 cubic yards per fraction per project.
	One QC split per 2,500 cubic yards with a minimum of one per project.

One independent QA per project for > 500 cubic yards.

	
	Gradation of Fine Aggregate - AASHTO T 27 and T 11
	
	

	
	Deleterious Content - MoDOT Test Method TM 71
	
	

	
	Absorption of Coarse Aggregate - AASHTO T 85
	
	

	
	Thin or Elongated Pieces - ASTM D 4791 (+3/4 in., 5:1)
	One per source per project.
	One per source per year.



501.2.2  Retained Samples.  The contractor shall retain the QC split sample, obtained as specified in Sec 502.11.2.1.5, for seven days until requested by the engineer for comparison testing.  A comparison will be considered favorable when the QA results of a QC retained sample are within the applicable limits specified in Sec 403.18.3.

501.3  Mix Design.  The proportions of cement, fine aggregate and coarse aggregate for concrete shall be approved by the engineer within the applicable limits of the specifications for the class of concrete specified in the contract.  The contractor shall submit a mixture designed by absolute volume methods.  The contractor may be required to submit representative samples of each ingredient to Construction and Materials for laboratory testing.

Portland Cement Concrete Pavement (PCCP) are paving mixtures designed for concrete pavement. Performance Engineered Mixtures (PEM) shall be used on all PCCP that has total quantities of 7,500 square yards or greater. Small quantity projects with less than 7,500 square yards are designated as non-PEM concrete paving mixtures.

Portland Cement Concrete Masonry (PCCM) mixtures are non-paving mixes used in structural concrete and designated by different classes (A1, B, B-1, B-2, MB-2, and Seal) as designated in the contract. PCCM mixtures may be designed with an optimized aggregate gradation as described herein.

501.3.1  Required Information.  The concrete mix design shall contain the following information:

(a) Source, type and specific gravity of Type IL or Portland cement

(b) Source, type (class, grade, etc.) and specific gravity of supplementary materials, if used

(c) Source, name, type and amount of admixtures

(d) Source, type (formation, etc.), ledge number if applicable, and gradation of the aggregate

(e) Specific gravity and absorption of each fraction in accordance with AASHTO T 85 for coarse aggregate and AASHTO T 84 for fine aggregate, including raw data

(f) Unit Weight of each fraction in accordance with AASHTO T 19

(g) The percent of each aggregate component used for optimized concrete mixes

(h) The design air content and slump

(i) Batch weights of Type IL or Portland Cement and supplemental cementitious materials

(j) Batch weights of coarse, intermediate and fine aggregates

(k) Batch weight of water

(l) Laboratory trial batching shall be performed for PEM concrete paving mixtures in accordance with Sec 501.3.2.1.2

501.3.2  PCCP.  The maximum aggregate fraction size allowed in all PCC paving mixtures shall be determined by the aggregate size submitted for source approval testing that meet the durability and other requirements in accordance with Sec 1005.2.

501.3.2.1  PEM.  PEM mixtures shall have an aggregate gradation that meet the Tarantula aggregate gradation requirements, contain at least one supplementary cementitious material (SCM), use a water reducing admixture, and meet the PEM mix design requirements described herein.

501.3.2.1.1  Aggregate Gradations for PEM Concrete Pavement.  The combined aggregate gradations for PEM mixtures shall meet the Tarantula curve requirements. The combined gradation data shall be performed over a full nest of sieves as follows: 2”, 1 ½”, 1”, ¾”, ½”, 3/8”, No. 4, No. 8, No. 16, No. 30, No. 50, No. 100, and No. 200.

The combined gradation of PEM shall meet the following optimized Tarantula curve gradation band on a percent retained per sieve size basis. The coarse sand percent retained and the fine sand percent retained shall also meet the following criteria:

	Tarantula Curve Gradation Requirements for PEM Concrete Pavement

	Sieve Size
	Percent Retained

	2-inch
	0

	1 ½-inch
	< 5

	1-inch
	< 16

	¾-inch
	< 20

	½-inch
	4 – 20

	3/8-inch
	4 – 20 

	No. 4
	4 – 20

	No. 8
	< 12

	No. 16
	< 12

	No. 30
	4 – 20

	No. 50
	4 – 20 

	No. 100
	< 10

	No. 200
	< 2

	Coarse Sand Percent Retained1
(Addition of No. 8 Sieve to No. 30 Sieve) 
	> 15

	Fine Sand Percent Retained1
(Addition of No. 30 Sieve to No. 200 Sieve)
	24 – 34


1The summation of the designated coarse and fine sand sieve sizes shall meet the percent retained requirements for an optimized gradation.

501.3.2.1.2  Laboratory Mix Design Requirements for PEM Concrete Pavement.  The trial batching shall include all mix design results, the aggregate Tarantula curve gradation plot, box test results, total paste volume, 28-day surface resistivity results, and the 28-day compressive strength results that meet the minimum requirements.

	Laboratory Trial Batch Required Information

	Mix Design Batch Information
	Sec 501.3.1

	Tarantula Curve Gradation Plot
	Sec 501.3.2.1.1

	Box Test 
	AASHTO T 396

	Unit Weight
	AASHTO T 19

	Air Content
	AASHTO 152

	Water to Cement (W/C) Ratio
	Sec 501.5.1

	Paste Volume
	Sec 501.5.2

	28-Day Surface Resistivity
	MoDOT TM-97

	28-Day Compressive Strength1
	AASHTO T 22


1Fabricating and curing of cylinders for PEM mixtures shall be in accordance with MODOT TM 98.

501.3.2.2  Non-PEM Mixtures.  Non-PEM mixtures do not require optimized gradations, SCM additions, Type A water, or surface resistivity requirements.

501.3.3  Optimized Masonry Concrete.  For optimized PCCM mixes, the gradation requirements of Sec 1005.2 and Sec 1005.3 will not apply.  For coarse aggregate, 100 percent of each fraction shall pass the one-inch sieve and no more than 2.5 percent shall pass the No. 200 sieve.  This value may be increased to 3.0 percent passing, provided there is no more than 1.0 percent of the material passing the No. 200 sieve in the fine aggregate.  For fine aggregate, no more than 2.0 percent shall pass the No. 200 sieve for natural sand, and no more than 4.0 percent shall pass the No. 200 sieve for manufactured sand.

501.3.4  Non-Optimized Masonry Concrete.  When optimized aggregate gradations are not selected by the contractor for PCCM, all provisions, including gradations requirements of Sec 1005 shall apply

501.3.5  Fine Aggregate Classes.  Fine aggregates are grouped into four classes and a minimum cement factor has been established for each class.

501.3.6  Cement Factors.  The minimum cementitious requirements in pounds per cubic yard of concrete for the various classes of sand shall be as follows:

	
	Cementitious Requirementsa,b

	Class of Sand
	Class A-1 Conc.
	Class B Conc.
	Class B-1 Conc.
	Class B-2 Conc.
	Class MB-2 Conc.g,h
	Non-PEM Paving Conc.
	PEM Paving Conc.
	Seal Conc.

	Ac
	600
	525
	610
	705
	600
	560
	510
	660

	Bd
	640
	565
	640
	735
	620
	560
	510
	695

	Ce
	--
	585
	660
	750
	640
	560
	510
	715

	Df
	--
	620
	695
	790
	660
	560
	510
	735


a When used, Type, IP, IS or IT cement shall be substituted on a pound for pound basis for Type IL or Portland cement and adjustments in design mix proportions will be required to correct the volume yield of the mixture.
b The contractor may submit an optimized aggregate gradation for PCCM mixtures which has a maximum 50 pounds per cubic yard reduction in cementitious materials from that shown in the tables.  If the contractor chooses this option, the mixture will be subject to review, laboratory testing and approval by the engineer.  All other requirements for the cement factor will apply. No further cementitious reductions shall be allowed for PEM and non-PEM paving mixtures.
c Class A sand will include all sand, except manufactured sand, weighing 109 pounds per cubic foot or more.
d Class B sand will include all chert, river and Crowley Ridge sand weighing from 106 to 108 pounds, inclusive, per cubic foot or glacial sand weighing 108 pounds or less per cubic foot.
e Class C sand will include all chert, river and Crowley Ridge sand weighing from 101 to 105 pounds, inclusive, per cubic foot.
f Class D sand will include all sand weighing 100 pounds or less per cubic foot and any manufactured sand that is produced by the process of grinding and pulverizing large particles of aggregate or which contains more than 50 percent of material produced by the reduction of coarser particles.  Manufactured sand produced from limestone or dolomite shall not be used in Type IL or Portland cement concrete for driving surfaces such as bridge decks, pavements and full depth shoulders.
g Modified B-2 (MB-2) concrete may be used in-place of Class B-2 Concrete.
h Modified B-2 (MB-2) concrete shall use at least one supplementary cementitious material in accordance with this specification.  In no case shall MB-2 concrete use less than 15 percent fly ash or slag cement when used as the individual supplementary cementitious material.  In no case shall MB-2 concrete use less than 6 percent metakaolin when used as the individual supplementary cementitious material.

501.3.7  Unit Weight.  The weight per cubic foot shall be the dry rodded weight per cubic foot of the aggregate, determined in accordance with AASHTO T 19.

501.3.8  Compressive Strength Requirements.  Concrete classes shall meet the following compressive strength requirements in pounds per square inch:

	Minimum Design Compressive Strength1

	Class A-1 Concrete
	Class B Concrete
	Class B-1 Concrete
	Class B-2 Concrete
	Class MB-2 Concrete
	PCCP Concrete2
	Seal Concrete

	6,000
	3,000
	4,000
	4,000
	4,000
	4,000
	3,000


1 Minimum compressive strength required unless otherwise specified in the contract documents or approved by the engineer.
2 Fabricating and curing of cylinders for PEM mixtures shall be in accordance with MODOT TM 98.

501.3.9 Absorptions.  Coarse aggregate absorption tolerances shall be in accordance with Sec 502.11.3.3.

501.3.10 Air Content.  The maximum air content for the mix design submittal shall be 6.0 percent.

501.3.11 Surface Resistivity Requirements. The minimum 28-day surface resistivity of a PEM pavement core or cylinder shall be 12 kΩ-cm or greater as tested in accordance with MoDOT TM- 97.

501.4  Sampling.  Sampling of fresh concrete shall be in accordance with AASHTO R 60, except that for central or truck mixed concrete, the entire sample for slump and air tests and for molding compressive strength specimens or PEM testing may be taken at one time after approximately one cubic yard of concrete has been discharged, instead of at three or more regular intervals during the discharge of the entire batch.  Acceptability of the concrete for slump and air content and, if applicable, for box testing, surface resistivity, and compressive strength requirements, will be determined by tests on these samples.

501.5  Consistency for PCCM Mixtures.  The slump of the concrete shall be within the limits for the respective classes of concrete.  The concrete shall be uniform in consistency and shall contain the minimum quantity of water required to produce the designated slump.  The slump of concrete mixes will be determined in accordance with AASHTO T 119.  The quantity of mixing water in the concrete shall be considered the net quantity after proper allowance has been made for absorption by the aggregate.  The slump and mixing water content of the concrete, when placed in the work, shall not exceed the following limits:

	
Slump and Maximum Water/Cementitious Materials Ratio

	
Class of Concrete
	Max.
Slump, In.

	Max. Pounds of Mixing Water Per Pound of Cementitious Materials

	
	
	Air-Entrained
	Non-Air-Entrained

	A-1
	3 1/2
	0.46
	0.51

	B
	4
	0.51
	0.55

	B-1
	4
	0.44
	0.53

	B-2
	3
	0.40
	----

	MB-2
	6
	0.42
	----

	Seal
	8
	----
	0.53



501.5.1  Consistency for Paving PCCP Mixtures.  Non-PEM mixtures do not have a slump requirement but shall have a workable consistency for either slip formed or hand poured applications.  PEM concrete shall be uniform in consistency and shall contain the minimum quantity of water required to meet the maximum edge slump and maximum visual rating of the box test.  The box test for evaluating concrete mixes shall be in accordance with AASHTO T 396.  The quantity of mixing water in the concrete shall be considered the net quantity after proper allowance has been made for absorption by the aggregate.  The box test requirements for PEM mixtures and mixing water content for PCCP mixtures shall not exceed the following limits:

	
Box Test Requirements and Maximum Water/Cementitious Materials Ratio

	PCCP Concrete
	
Maximum Average Visual Rating
	Maximum
Edge Slump, Inch
	Max. Pounds of Mixing Water Per Pound of Cementitious Materials
Air-Entrained

	PEM
	2.25 or Less
	¼-inch or Less
	0.42

	Non-PEM
	----
	----
	0.45



501.5.2  PEM Paste Volume Requirement.  PEM mixtures shall have a total paste volume of 25 percent or less.  The volume of paste is determined by computing the volume of total liquid and cementitious components in a cubic yard of concrete.  The volume of coarse aggregates, fine aggregates, and air are not considered in the calculation.

501.6  Measurement of Material.  The cement and aggregate for concrete shall be measured by weight.  The weights of coarse and fine aggregates to be used will be calculated from the proportions approved by the engineer.  Batches that do not contain the proper quantities of material shall be wasted at the contractor's expense.

501.6.1  Weighing Tolerances.  The weighing and batching equipment shall be designed and maintained in such a condition that the material for each batch can be quickly and accurately weighed and shall be operated within a tolerance of plus or minus 0.5 percent for cement and plus or minus 1.0 percent for aggregate.  The equipment used for delivery of material to the weigh hoppers shall not permit intermingling of material.  Weighing hoppers shall discharge completely and there shall be no accumulation of tare material.  Scales shall be accurate to within 0.4 percent of the net load applied.  The change in load required to change the position of rest of the indicating element or elements of indicating scales an observable amount shall not be greater than 0.1 percent of the nominal scale capacity.  If beam-type scales are used, a separate beam shall be provided for each type of material to be used and means shall be provided for adjustment of tare on a scale separate from those used for other material.

501.6.2  Water Meter Tolerances.  Mixing water shall be measured by volume or by weight.  If measured by weight, scales shall be in accordance with Sec 501.6.1.  The device for the measurement shall be readily adjustable and under all operating conditions shall measure the required quantity within a tolerance of one quart or one percent, whichever is greater.

501.6.3  Calibration Frequency.  Plant scales and water metering devices shall be calibrated and certified annually and after every plant move by an approved commercial scale service.  Admixture metering devices shall be calibrated by a commercial scale company, the admixture company or the concrete plant company.  Plant scales that have not been moved shall be verified six months after their calibration.  A copy of the calibration and verification shall be provided to the engineer.

501.7  Mixing.  The mixer shall produce concrete uniform in color, appearance and distribution of the material throughout the mixture.  The cement, aggregate and no less than 60 percent of the water shall be mixed a minimum of one minute.  The remaining water shall be added within 15 seconds after all other material for the batch is in the mixer.  If mixers having multiple compartment drums are used, the time required to transfer material between compartments will be considered mixing time.  The speed at which the drum rotates shall be as designated by the manufacturer.  If such mixing does not result in uniform and smooth texture concrete, a sufficient number of additional revolutions at the same speed shall be performed until a thorough mixing of each batch of concrete is secured.  The mixing time shall be measured from the time all cement, aggregate and 60 percent of the water are in the drum.  The volume of concrete mixed in each batch shall not exceed the manufacturer's rated capacity.  The mixer shall be equipped to automatically time the mixing of each batch of concrete.  If the automatic timing device becomes inoperable, a manual timing device shall be provided to complete the day's operation.

501.8  Central and Truck Mixed Concrete.  The following additional requirements will apply to central and truck mixed concrete.

501.8.1  Mixer Inspection.  All central mixers, truck mixers and agitators shall be in accordance with these specifications prior to use, and inspection of the equipment shall be made periodically during the work.  Only equipment found acceptable in every respect and capable of producing uniform results will be permitted.

501.8.2  Uniformity Testing.
A uniformity test in accordance with ASTM C 94 Annex A1, shall be performed at the beginning of production for all PEM pacing projects for all paving plants. For all non-PEM and PCCM mixtures, the uniformity tests shall be performed during the annual calibration at a central mix drum plant and at the beginning of production for a project at a mobile paving plant.

(a) A uniformity test shall be performed for the largest and smallest proposed batch size.

(b) The two samples shall be obtained within an elapsed time of no more than 15 minutes.

(c) The air content, slump, box test and aggregate gradation for PEM mixtures, and mix proportions of the concrete tested shall be in accordance with these specifications for that class of concrete or the uniformity tests shall be invalid.

(d) The use of a one-quarter cubic foot measure will be permitted in determination of weight per cubic foot.

(e) Cylinders may be cured in damp sand after the first 48 hours.

(f) The contractor may designate the mixing time for which uniformity tests are to be performed.  The mixing time shall be a minimum of 60 seconds.  The maximum mixing time shall not exceed the mixing time established by uniformity tests by more than 60 seconds for air-entrained concrete.  The mixed concrete shall meet the uniformity requirements specified above before any concrete may be used for pavement or structures.  The engineer may allow the use of the test concrete for appropriate incidental construction. Tests shall be performed by the contractor, in the presence of the engineer.  No direct payment will be made for labor, equipment, material or testing.  After operational procedures of batching and mixing are thus established, no changes in procedure will be permitted without re-establishing procedures by uniformity tests.

501.8.2.1  Measuring Mixing Time.  Measurement of mixing time shall start at the time all the solid material is in the drum and shall end at the beginning of the next sequential operation.

501.8.2.2  Verification of Mixer.  Mixer performance tests shall be repeated whenever the appearance of the concrete or the coarse aggregate content of samples selected in accordance with ASTM C 94, as modified above, indicates that adequate mixing is not being accomplished.

501.8.3  Truck Mixed Concrete.  Truck mixed concrete shall be mixed at the proportioning plant, and the mixer shall operate at agitating speed while in transit.  Truck mixed concrete may be mixed at the point of delivery, provided the cement or cement and mixing water, are added at that point.  Mixing of truck mixed concrete shall begin immediately after the introduction of the mixing water and cement to the aggregate or the introduction of the cement to the aggregate.

501.8.4  Truck Mixer Requirements.  A truck mixer shall consist of a watertight revolving drum suitably mounted, fitted with adequate blades, and equipped with a device for determining the number of mixing revolutions.  Truck mixers shall produce a thoroughly mixed and uniform mass of concrete and shall discharge the concrete without segregation.  A truck agitator shall consist of a watertight revolving drum or a watertight container suitably mounted and fitted with adequate revolving blades.  Truck agitators shall transport and discharge the concrete without segregation.  Mixers and agitators shall be cleaned of accumulation of hardened concrete or mortar.

501.8.5  Rating Plate.  Except as hereinafter permitted, each truck mixer shall have permanently attached to the truck a metal rating plate issued by and in accordance with the capacity requirements of the Truck Mixer Manufacturers Bureau (TMMB), as approved by NRMCA, on which is stated the maximum capacity in terms of volume of mixed concrete for the various uses to which the equipment is applicable.  The truck shall also have attached a manufacturer's data plate that shall state the actual capacity as an agitator, and the maximum and minimum mixing and agitating speeds.  If truck mixers are used for mixing or agitating, the volume of concrete in each batch shall not exceed the maximum capacity shown on the metal rating plate issued by the TMMB, as approved by NRMCA, except that if a lower capacity for agitating is shown on the manufacturer's data plate, that lower capacity shall govern.  The minimum batch size for truck mixers shall be one cubic yard.  The engineer may reduce the batch size or reject use of any truck mixer that does not produce concrete uniform in color, appearance and distribution of material throughout the mass.  A quantity of concrete that results in axle and gross loads in excess of statutory limits will not be permitted.

501.8.6  Truck Mixing Requirements.  Truck mixers and agitators shall be operated at the speed of rotation designated by the manufacturer of the equipment.  Truck mixed concrete shall initially be mixed no less than 70 or more than 100 revolutions of the drum at mixing speed after all ingredients, including water, are in the mixer, except that when the batch volume does not exceed 57.5 percent of the gross volume of the drum or 91 percent of the rated maximum capacity, the number of revolutions required for mixing shall be no less than 50 or more than 100.  When a truck mixer or truck agitator is used for transporting concrete that has been completely mixed, agitation of the concrete shall continue during transportation at the speed designated by the manufacturer of the equipment as agitating speed.  Water may be added to the mixture no more than two times after initial mixing is completed.  Each time water is added, the drum shall be turned an additional 30 revolutions, or more if necessary, at mixing speed, until uniform mixing is accomplished.  All water added will be included in determining the effective water in the mixture.

501.8.7  Water Adjustments at Job Site.  Each increment of water added at the job site shall be measured within a tolerance of one percent of the total effective water required for the batch.  Water used to wash the drum of the mixer shall not be used as mixing water.

501.8.8  Handling and Discharge Requirements.  Central or truck mixed concrete shall be delivered to the site of the work and shall meet the following conditions:

(a) The handling and discharge of concrete shall not cause segregation or damage to the concrete and will allow placement with a minimum of handling.  All handling and discharge shall occur prior to initial set of the concrete.

(b) Truck mixed concrete shall not exceed 300 revolutions after the beginning of mixing.

501.8.9  Non-Agitating Equipment.  The discharge of concrete transported in non-agitating equipment shall not cause segregation or damage to the concrete and will allow placement with a minimum of handling.  All handling and discharge shall occur prior to initial set of the concrete.  Bodies of non-agitating hauling equipment shall be smooth, mortar-tight metal containers capable of discharging the concrete at a satisfactory, controlled rate without segregation.

501.8.10  Testing Facilities.The contractor shall provide a Type 1 laboratory in accordance with Sec 601 at a paving plant for the engineer to inspect ingredients and processes used in the manufacture and delivery of the concrete. The contractor shall furnish the necessary equipment and personnel to assist the engineer in obtaining a representative QA sample. The ready mix producer shall notify the designated MoDOT representative every day that concrete is being supplied for a MoDOT project. A daily log of plant production shall be available for the engineer to review.

501.8.11  Delivery Tickets.  The manufacturer of truck mixed concrete and of central mixed concrete shall furnish to the engineer with each truck load of concrete before unloading at the site, a delivery ticket on which is shown information concerning the concrete as follows:

	(a) Name of concrete plant.

	(b) Serial number of the ticket.

	(c) Truck number when a truck mixer is utilized.

	(d) Name of contractor.

	(e) Job Number, route and county designation.

	(f) MoDOT mix identification number assigned to the mix.

	(g) Specific class of concrete.

	(h) Quantity of concrete in cubic yards.

(i) Date and time when batch was loaded or first mixing of cement and aggregate.

	(j) Number of revolutions, when truck mixed.

(k) Daily moisture contents of coarse and fine aggregates.

(l) Design weights of all materials from mix design.

[bookmark: _Hlk183064993](m) Required batch weights of all materials with the coarse and fine aggregates corrected for moisture.

(n) Actual batch weights of all materials with the coarse and fine aggregates corrected for moisture.

(o) Total batched water, including additional free water from fine and coarse aggregates.

(p) Percent variance between required batch weights and actual batch weights.

(q) Batched water/cement ratio.

(r) Maximum water/cement ratio.

(s) Allowable water that can be added in the field.

Other forms of reporting records may be permitted as approved by the engineer.

501.8.12  Concrete Plant Documentation.  The contractor shall complete the required concrete plant documentation once per working day at the central ready mix or paving plant.  The documentation shall be made available to the engineer within 24 hours after concrete is batched.

501.9  Volumetric Batched and Continuous Mixed Concrete.  Upon written request by the contractor, the engineer may approve the use of concrete proportioned by volume.  If concrete is proportioned by volume, the other requirements of these specifications with the following modifications will apply.

501.9.1  Proportional Devices.  Volume proportioning devices, such as counters, calibrated gate openings or flow meters, shall be available for controlling and determining the quantities of the ingredients discharged.  In operation, the entire measuring and dispensing mechanism shall produce the specified proportions of each ingredient.

501.9.2  Controls.  All indicating devices that affect the accuracy of proportioning and mixing of concrete shall be in full view of and near enough to be read by the operator while concrete is being produced.  The operator shall have convenient access to all controls.

501.9.3  Calibration.  The proportioning devices shall be calibrated by the contractor in the presence of and subject to approval from the engineer.  Calibration of the cement and aggregate proportioning devices shall be accomplished by weighing each component.  Calibration of the admixture and water proportioning devices shall be accomplished by weight or volume.  Tolerances in proportioning the individual components will be as follows:

	Item
	Tolerance

	Cement, Weight percent
	0 to +4

	Fine Aggregate, Weight  percent
	± 2

	Coarse Aggregate, Weight) percent
	± 2

	Admixtures, Weight or Volume percent
	± 3

	Water, Weight or Volume Percent
	± 1



501.9.4  Verification of Yield.  Verification of the proportioning devices may be required at any time by the engineer.  Verification shall be accomplished as follows.  With the cement meter set on zero and all other controls set for the designated mix, the activated mixer shall discharge mixed material into a 1/4 cubic yard container measuring 36 x 36 x 9 inches.  When the container is level-struck full, making provisions for settling the material into all corners, the cement meter shall show a discharge equal to the design proportion of cement for 1/4 cubic yard.  A tolerance of ± 1/8 inch from the top of the container will be permitted.  If the correct yield is not obtained, the proportioning devices shall be adjusted to obtain the design mix or the proportioning devices shall be recalibrated as directed by the engineer.

501.9.5  Water Control.  The rate of water supplied shall be measured by a calibrated flow meter coordinated with the cement and aggregate feeding mechanism and with the mixer.  The rate shall be adjustable in order to control slump at the desired level.

501.9.6  Liquid Admixture.  Liquid admixtures shall be dispensed through a controlled flow meter.  A positive means to observe the continuous flow of material shall be provided.  If an admixture requires diluting, the admixture shall be diluted and thoroughly mixed prior to introducing the admixture into the dispenser.  When admixtures are diluted, the ratio of dilution and the mixing shall be approved by and performed in the presence of the engineer.

501.9.7  Concrete Mixer.  The concrete mixer shall be approved by the engineer and shall be an auger-type continuous mixer used in conjunction with volumetric proportioning.  The mixer shall produce concrete, uniform in color and appearance, with homogeneous distribution of the material throughout the mixture.  Mixing time necessary to produce uniform concrete shall be established by the contractor and shall comply with other requirements of these specifications.  Only equipment found acceptable in every respect and capable of producing uniform results will be permitted.

501.9.7.1  Material Storage Capacity.  The continuous mixer shall be capable of carrying sufficient unmixed dry bulk cement, fine aggregate, coarse aggregate, admixtures and water, in separate compartments to produce no less than 6 cubic yards of concrete at the job site.  Each batching or mixing unit or both, shall carry in a prominent place a metal plate or plates on which are plainly marked the gross volume of the unit in terms of mixed concrete, discharge speed and the weight-calibrated constant of the machine in terms of a revolution counter or other output indicator.

501.9.7.2  Measurement of Cement.  The continuous mixer shall be capable of positive measurement of cement being introduced into the mix.  A recording meter visible to the operator and equipped with a ticket printout shall indicate the quantity.

501.9.7.3  Measurement of Water.  The continuous mixer shall provide positive control of the flow of water and admixtures into the mixing chamber.  Water flow shall be indicated by a flow meter and be readily adjustable to provide for minor variations in aggregate moisture.  The mixer shall be capable of continuously circulating or mechanically agitating the admixtures.

501.9.7.4  Scalping Screen.  The continuous mixer shall have a one-inch maximum size scalping screen over the fine aggregate bin to screen out mud balls, conglomerate lumps or any other contaminant material that could interrupt the flow of fine aggregate during proportioning.

501.9.7.5  Batching Operations.  The continuous mixer shall be capable of being calibrated to automatically proportion and blend all components on a continuous or intermittent basis as required, and shall discharge mixed material through a conventional chute.

501.9.8  Handling Materials.  Storage facilities for all material shall be designed to permit the engineer to make necessary inspections prior to the batching operations.  The facilities shall also permit identification of approved material at all times, and shall be designed to avoid mixing with or contaminating by unapproved material.  Coarse and fine aggregate shall be furnished and handled so variations in the moisture content affecting the uniform consistency of the concrete will be avoided.

501.10  Air-Entrained Concrete.  Air content for all classifications of concrete shall be determined in accordance with AASHTO T 152.  Air-entrained concrete shall be used for the construction of the following items:

(a) All retaining walls and bridge units, except culvert-type structures and seal courses.

(b) Concrete median barriers.

(c) All piles (not required for cast-in-place concrete piles).

(d) Concrete pavements.

(e) Approach slabs and paved approaches.

(f) Concrete medians and median strips.

(g) Sidewalks, curb ramps and steps.

(h) Curbs, gutters, curb and gutter and surface drain basins and drains.

(i) Concrete pedestals for signs, signals and lighting.

501.10.1  Other Concrete.  All other concrete, except seal concrete, may be air-entrained but only in accordance with the requirements of these specifications.

501.10.2  Air Content Limitations.  When air-entrained concrete is used, the mix design target range for quantity of air content by volume shall not be less than 4.5 percent or greater than 7.5 percent.  When field measured air content exceeds 7.5 percent, but is less than or equal to 9.0 percent, the concrete may be placed if allowed by the contractor’s quality control plan and at the contractor’s risk that all other concrete requirements will be met, including strength.  When field measured air content is less than 4.5 percent, the concrete may be re-dosed with air entrainment admixture in accordance with Sec 501.10.4.  Under no circumstances shall any concrete be incorporated into the work with an air content less than 4.5 percent or greater than 9.0 percent.

501.10.3  Incorporation Procedures.  Air-entraining admixtures shall be added to the concrete during the mixing process.  The admixture shall be of such volume and strength that the admixture can be accurately measured and dispensed in accordance with the manufacturer’s recommendations.  The dispenser shall consistently deliver the required quantity of admixture within a tolerance of ± 3 percent.

501.10.4  Re-dosing.  When the measured air content is below the minimum specified limit, the contractor will be allowed one attempt per mixer truck load to re-dose the concrete in the field.  The contractor shall immediately contact the concrete supplier to make adjustments to all remaining truckloads, so they arrive within specifications.  If no adjustments are made, re-dosing will not be allowed for subsequent truckloads.  The contractor shall obtain approval of the Re-Dosing Plan from the engineer prior to the start of work.  The Re-dosing Plan shall address the following:

(a) Field measurement of the air entrainment admixture

(b) Brand of air entrainment admixture being used

(c) Incorporation and mixing of the air entrainment admixture

(d) The use of additional water

501.11  Concrete Admixtures for Retarding Set.  If specified in the contract, an approved retarding admixture shall be provided and incorporated into the concrete.  If not specified in the contract, the use of an approved retarding admixture will be permitted upon written notification from the contractor.  Any retarding admixture shall be added in accordance with Sec 501.10.3 by means of a dispenser conforming to the requirements of that section.  No direct payment will be made for furnishing the retarding admixture or for incorporating the admixture into the mixture.

501.12  Water-Reducing Admixtures.  Type A water-reducing admixtures may be used in any concrete.  The dosage rate of Type A water-reducing admixture shall be within the ranges recommended by the manufacturer and approved by the engineer.  Water-reducing admixtures shall be added in accordance with Sec 501.10.3 by means of a dispenser conforming to the requirements of that section.  High range water-reducing admixtures may be used when specified or as approved by the engineer.

501.12.1  Modified B-2 Utilized.  Modified B-2 concrete shall use a Type A or Type D water-reducer admixture.

501.12.2  Silica Fume and Metakoalin Utilized.  Concrete utilizing silica fume or metakaolin shall use a water-reducer admixture that may be added by hand methods.  The amount of water contained by the water-reducer admixture shall be included in the overall water content of the concrete.

501.12.3  Consistency Requirement.  When a water-reducer admixture is used the maximum allowed slump may be increased to 6 inches for all concrete classes.  The concrete shall be homogeneous with no aggregate segregation.

501.13  Accelerating Admixtures.  The use of calcium chloride or other approved accelerating admixtures in concrete mixtures will not be permitted, except in concrete used for pavement repair in accordance with Sec 613.

501.13.1  Incorporating Calcium Chloride. Calcium chloride shall be incorporated into the concrete mix in solution form using water.  The water used for the solution shall to be accounted for in the approved mix design.

501.13.2  Amount of Calcium Chloride.  The amount of calcium chloride shall not exceed 2 percent by mass of the cementing material, unless otherwise approved by the engineer.

501.14  Supplementary Cementitious Materials in Concrete.  The contractor may use fly ash, slag cement, silica fume or metakaolin in the production of concrete in accordance with these specifications.  Ternary mixes will be allowed for all concrete classes.  Ternary mixes are mixes that contain a combination of Type IL or Portland cement and two supplementary cementitious materials.  Supplementary cementitious materials may be used to replace a maximum of 40 percent of the Type IL or Portland cement.  The amount of each supplementary cementitious material used in a ternary mix shall not exceed the limits specified herein.

501.14.1  Fly Ash.  Approved Class C or Class F fly ash may be used to replace a maximum of 25 percent of the Type IL or Portland cement on a pound for pound basis in all concrete.

501.14.2  Slag Cement.  Approved slag cement may be used to replace a maximum of 30 percent of the Type IL or Portland cement on a pound for pound basis in all concrete.

501.14.3  Silica Fume.  Approved silica fume may be used to replace a percent of the Type IL or Portland cement on a pound for pound basis.  The following limits shall apply when silica fume is used:

	Silica Fume Replacement Limits, %

	Class of Concrete
	Minimum
	Maximum

	MB-2
	6
	8

	A-1, B, B-1, B-2, PCCP (PEM and non-PEM), Seal
	----
	8



501.14.3.1  Silica Fume Requirements.  Silica fume shall be approved prior to use and be in accordance with ASTM C 1240, except as noted herein.  If dry compacted form, the admixture shall be 100 percent silica fume with no admixtures.  Silica fume slurries may contain other approved admixtures, such as water reducers or retarders, if the admixtures are included by the manufacturer of the silica fume admixture.

501.14.3.2  Manufacturer Certification.  The contractor shall furnish to the engineer a manufacturer’s certification along with the brand name, batch identification, quantity represented, percent solids and the type, name and quantity of any admixtures, that are provided in the silica fume admixture.

501.14.3.3  Silica Fume Test Results.  The manufacturer’s certification shall contain results of recent tests conducted on samples of the silica fume material taken during production or transfer and indicating conformance with Tables 1 and 3 of ASTM C 1240 and this specification.  The supplier shall further certify that the material being furnished is in accordance with this specification.

501.14.3.4  Silica Fume Approval.  For approval prior to use, the supplier shall furnish the same information to: Construction and Materials, P.O. Box 270, Jefferson City, MO  65102, along with any requested samples for testing.

501.14.3.5  Silica Fume Slurry.  Liquid silica fume admixture shall be protected from freezing at all times.

501.14.3.6  Admixture Compatibility.  All admixtures used shall be compatible with the silica fume admixture and shall be recommended or approved in writing by the manufacturer of the silica fume admixture.

501.14.4  Metakaolin.  Approved metakaolin may be used to replace a maximum of 15 percent of the Type IL or Portland cement on a pound for pound basis in all concrete.

501.14.4.1  Metakaolin Requirement.  Metakaolin shall be approved prior to use and be in accordance with AASHTO M321.

501.14.4.2  Manufacturer Certification.  The contractor shall furnish to the engineer a manufacturer’s certification along with the brand name, batch identification and quantity represented.

501.14.4.3  Metakaolin Test Results.  The manufacturer’s certification shall contain results of recent tests conducted on samples of the metakaolin taken during production or transfer and indicating conformance with AASHTO M321 and this specification.  The supplier shall further certify that the material being furnished is in accordance with this specification.

501.14.4.4  Metakaolin Approval.  For approval prior to use, the supplier shall furnish the same information to: Construction and Materials, P.O. Box 270, Jefferson City, MO  65102, along with any requested samples for testing.

501.14.5  Source Changes.  Changes in class or source of fly ash, grade and source of  slag cement, brand and source of silica fume or brand and source of metakaolin used in concrete structures will be permitted only with written approval from the engineer.  Only fly ash, slag cement, silica fume or metakaolin resulting in concrete of the same color shall be used in any individual unit of the structure.

501.14.6  Mix Proportions.  When fly ash, slag cement, silica fume or metakaolin is used, an adjustment in design mix proportions will be required to correct the volume yield of mixture.  Approval shall be obtained from the engineer prior to any change in mix design or proportions.

501.14.7  Mixing Water.  Maximum mixing water shall be based on total cementitious material.  The quantity of mixing water in the concrete shall be considered the net quantity after proper allowance has been made for absorption by the aggregate.

501.14.8  Measuring Fly Ash and Slag Cement.  Fly ash or slag cement shall be measured in the same manner and with the same accuracy as cement.  Fly ash or slag cement may be weighed separately on the same scale as cement, provided the scale increments are such that the specified weighing accuracy can be maintained.  If the fly ash or slag cement is weighed together with the cement, the cement shall be weighed first, and the accuracy shall apply to the combined weight.

501.14.9  Measuring Silica Fume and Metakaolin.  Silica fume or metakolin shall be measured by weight or volume within a tolerance of plus or minus 2 percent.

501.14.10  Silica Fume and Metakaolin Batching Sequence.  Silica fume or metakaolin shall be added at the plant at the same point in the batch sequence as recommended by the manufacturer of the material .  The silica fume or metakaolin may be added by hand methods.

501.14.11  Calculating Silica Fume Solids.  For silica fume solutions, the quantity of liquid silica fume admixture needed to furnish the required silica fume solids shall be calculated based on the weight per gallon and percent solids of the silica fume admixture being used.

501.14.12  Measuring Cementitious Materials.  Fly ash, slag cement, silica fume or metakaolin will be considered as cement when measuring mixing time.

501.15  Commercial Mixture.  If specified in the contract that an approved commercial mixture of concrete may be used, the contractor shall notify the engineer in writing, setting out for approval the source and proportions of the mixture proposed to be furnished.  The statement shall include the following:

	(a) The types and sources of aggregate.

	(b) Type and source of cement and other cementitious material.

	(c) Scale weights of each aggregate proposed as pounds per cubic yard of concrete.

	(d) Quantity of water proposed, as pounds or gallons per cubic yard of concrete.

	(e) Quantity of cement proposed as pounds per cubic yard of concrete.

501.15.1  Minimum Cement Content.  The concrete shall contain no less than 517 pounds of cement per cubic yard. The use of fly ash, slag cement, silica fume or metakaolin shall be in accordance with Sec 501.14.  The plant shall comply with other requirements of these specifications or be as approved by the engineer.  The concrete will be subject to acceptance or rejection by visual inspection at the job site.

501.15.2  Certification.  The supplier shall furnish certification with the first truck load of each day's production of concrete that the material and mix proportions used are in accordance with the approved mixture.  Upon completion of the work, plant certification shall be furnished by the supplier for the total quantity delivered.

3.0  Delete Sec 502 in its entirety and substitute with the following:

502  PORTLAND CEMENT CONCRETE BASE AND PAVEMENT

502.1  Description.  This work shall consist of constructing a Portland cement concrete base or pavement, with or without reinforcement as specified, shown on the plans or directed by the engineer.

502.2  Material.  All material, proportioning, air-entrainment, mixing, slump and transporting for Portland cement concrete shall be in accordance with Sec 501.  All material shall be in accordance with Division 1000, Material Details, and specifically as follows:

	Item
	Section

	Emulsified Asphalt (SS-1, SS-1H, CSS-1 or CSS-1H)
	1015

	Steel Welded Wire Reinforcement for Concrete
	1036

	Concrete Curing Material
	1055

	Material for Joints
	1057



502.3  Equipment.  Equipment and tools necessary for handling material and performing all parts of the work shall be satisfactory to the engineer as to design, capacity and mechanical condition.  The equipment shall be at the job site sufficiently ahead of the start of construction operations to be examined thoroughly by the engineer and shall be in accordance with the following:

502.3.1  Batching Plant, Mixer and Hauling Equipment.  The batching plant, mixer, water measuring equipment, weighing and hauling equipment shall be in accordance with Sec 501.

502.3.2  Slip-Form Construction.  Concrete base or pavement may be constructed by the use of sliding form methods.  Slip-form construction shall be in accordance with these specifications.

502.3.2.1  Consolidating and Finishing Equipment.  The concrete shall be consolidated and finished by a slip-form paver designed to spread, consolidate and shape the concrete in one complete pass of the machine in such a manner to provide a smooth, dense and homogeneous pavement in conformance with the plans and specifications.  No apparent slumping of the concrete shall occur within 6 inches of the pavement edge.  If necessary to stop the forward movement of the paver, the vibratory and tamping elements shall be stopped immediately.

502.3.3  Vibrators.  Vibrators used for full width vibration of the concrete shall be of the internal type.  Vibrating equipment shall be operated in accordance with the manufacturer's recommendation at a frequency to provide satisfactory results, but shall be no less than 4500 impulses per minute.  Hand vibrators shall have a frequency of no less than 4500 impulses per minute.  The contractor shall have a vibratory monitoring system on the paving machine or a tachometer available at all times for checking the vibration frequency.

502.3.4  Concrete Saw.  If sawed joints are required, equipment shall be capable of providing a groove of the specified dimensions in the concrete.  Equipment shall be a wet-cut saw, referred to as a “conventional concrete saw” or a lighter weight dry-cut saw, referred to as an “early-entry concrete saw,” used to establish joints sooner than the conventional saw.

502.3.5  Equipment for Sealing Joints.  An approved double boiler-type heating kettle equipped with a mechanical agitator and a satisfactory temperature indicating device shall be required.  The equipment shall be capable of heating the joint sealing material uniformly without damage.

502.3.6  Auxiliary Equipment.  Auxiliary equipment shall be available at all times as follows:

(a)  A minimum of one footbridge designed to be readily transportable and having no contact with the concrete base or pavement.
	
(b)  Metal dyes with beveled face numerals 3 inches to 5 inches high and thick enough to make an indentation of 1/4 inch.  A satisfactory dye shall be used for marking the location of the station number.

502.3.7  Field Laboratory.  The contractor shall provide a Type 1 field laboratory in accordance with Sec 601.

502.4  Construction Requirements.

502.4.1  Weather Limitations. Concrete shall not be placed upon frozen subgrade.  All concrete shall be effectively protected from freezing until a minimum compressive strength of 3,500 psi has been attained.  The contractor shall provide a method, meeting the approval from the engineer, of monitoring the concrete that demonstrates that the concrete has been protected from freezing.  Regardless of precautions taken, the contractor shall assume all risks, and all frozen concrete shall be replaced at the contractor's expense.

502.4.2  Protection Against Rain.  To protect against rain, the contractor shall have on location at all times, material for the protection of the edges and surface of the unhardened concrete.  The contractor shall protect the concrete from damage due to rain.  Failure to properly protect unhardened concrete may constitute cause for the removal and replacement of defective concrete at the contractor's expense.

502.4.3  Setting Forms.  Forms shall be sufficiently supported to avoid displacement during paving operations.  Both straight and curved forms shall be supported in such position that the face of the form shall be vertical on tangents and perpendicular to the superelevated section on curves.  The top of the form shall not vary more than 1/8 inch from the true grade line during placing, compacting and finishing operations.  The form alignment shall not vary more than 1/4 inch from the true alignment.

502.4.4  Conditioning of Subgrade.  When forms have been securely set to grade, the subgrade shall be brought to proper cross-section in accordance with Sec 209.  Low areas of treated bases shall be filled only with concrete integral with the pavement.  No direct payment will be made for the concrete used to fill these low areas.

502.4.5  Proportioning and Mixing Concrete.  Concrete shall be proportioned and mixed by truck or central mixers in accordance with Sec 501.  This shall consist of batching all aggregate, cement and water by means of automatic weighing or metering, with all additives dispensed automatically and interlocked with the automatic weighing or metering controls.  For central mixed concrete, the mixing cycle shall be timed and interlocked with the weight batch cycle.  The weight setting controls shall be equipped such that the controls may be locked when directed by the engineer.  The automatic batching equipment shall be capable of conversion to manual operation if necessary.  Manual operation shall not be permitted beyond 24 hours after breakdown in the automatic equipment, except by written approval of the engineer.  When a project includes paving that cannot be performed in a normal sequence, the contractor will be permitted to place a maximum of 7,500 square yards using manual batching methods.  For all contracts having a total of no more than 20,000 square yards of concrete base course and concrete pavement combined, manual batching methods will be permitted.

502.4.6  Placing Concrete.  The concrete shall be deposited over the entire width of the subgrade in such a manner as to prevent segregation and to minimize handling.  Mixers, including truck mixers and trucks used for transporting concrete, will be permitted to discharge concrete by chute or by dumping directly on the subgrade or prepared base provided the underlying material is not damaged or distorted.  Honeycomb in the concrete base or pavement edge may be cause for rejection of the concrete.

502.4.7  Tie Bar Placement.  Tie bars shall be supported in the proper position by chairs driven into the subgrade, or may be placed by approved mechanical methods prior to the consolidation of the concrete after the concrete has been struck off.  Tie bars shall be free from dirt, oil, paint and grease.  Tie bars required at longitudinal construction joints shall be positioned before concrete base or pavement consolidation.

502.4.8  Final Strike-off, Consolidation and Finishing.  Machine finishing by extrusion methods or by vibrating and screeding processes shall be required for all concrete except as permitted in accordance with Sec 502.4.8.6.  After the final course of the concrete has been placed, the concrete shall be struck-off and thoroughly vibrated until concrete of a uniform and satisfactory density is attained.  The surface of the pavement shall be of uniform texture and to the proper grade and typical section.

502.4.8.1  Consolidation.  Vibrating tubes shall extend into the concrete the distance necessary to provide adequate consolidation.  Vibrators shall be operated only when the machine to which the vibrators are attached is moving.  Care shall be taken that the vibrator does not penetrate the subgrade or dislodge or move the joints.  Vibrators shall not come in contact with the reinforcement, load transfer devices, subgrade or side forms.

502.4.8.2  Added Finishing Water.  Moisture in any form shall not be applied to the surface of the concrete except for emergency conditions.  When emergency conditions exist and it becomes necessary to apply additional moisture to the surface of the concrete in order to complete the final finishing operation, water may only be applied in the form of a fine pressure spray.  Under such conditions, placement of additional concrete on the subgrade shall be discontinued until the emergency conditions cease.

502.4.8.3  Surface Texture.  After surface irregularities have been removed, the concrete surface shall be given a uniformly roughened finish.  The surface texture shall be tested in accordance with ASTM E 965, except as modified herein, to ensure the texture is adequate for desired friction characteristics.  The test locations will be the same locations as identified for strength and thickness determination.

502.4.8.3.1  Sample Container.  Plastic sample containers for ASTM E 965 testing shall be of a rigid material that will crack or break if the container is deformed.  Damaged or deformed containers shall not be used.

502.4.8.3.2  Required Texture Depth.  The results of ASTM E 965 shall show a texture depth of any sublot, as defined in Sec 502.10.1, to have a minimum value of 1.00 mm.  Any sublot showing a texture depth of less than 1.00 mm shall require diamond grinding of the pavement represented by this sublot to attain the necessary texture.  All testing of the surface texture shall be completed no later than the day following pavement placement.

502.4.8.3.3  Minimum Diamond Grinding Length.  Diamond grinding, except for bump correction, shall be across the entire width of the traveled way and shall be continuous for a minimum of 0.1 mile.

502.4.8.3.4  Wave Texture Testing.  ASTM E 965 will be waived if the contractor elects to diamond grind or tine the concrete with a wire comb.  The concrete may be tined either longitudinally or transversely.

502.4.8.3.4.1  Wire Comb.  A wire comb shall be no less than 10 feet long with a single line of wires exposed to a length of approximately 4 inches. The wire shall be blue-tempered and polished spring steel with nominal dimensions of 0.028 inch thick and 0.100 to 0.125 inch wide. The wires shall be spaced to provide 1/2-inch clear space between wires and securely mounted in a rigid head.  Except for concrete finished by hand methods, the wire comb shall be mechanically operated and capable of covering the full width of slab in a single pass, at a uniform speed and at a uniform depth.  Final approval of the wire comb will be based on satisfactory performance during actual use.

502.4.8.3.4.2  Texturing with Wire Comb.  Successive passes of the comb shall be overlapped the minimum necessary to attain a continuously textured surface. The surface texture produced shall have an average texture depth of approximately 0.125 inch.  Small or irregular areas, or areas not suitable for machine texturing when adjacent surrounding concrete is ready for texturing, may be textured with a hand operated device producing a textured surface equivalent to that required for machine combing.

502.4.8.4  Edging at Forms and Joints.  After the final finish, but before the concrete initial set, the edges of the concrete along each form line, and on each side of transverse expansion joints and construction joints shall be worked with an edging tool having a radius of approximately 3/8 inch.  A well-defined and continuous radius having a smooth, dense finish shall be produced.  The surface of the concrete shall not be unduly disturbed by tilting of the tool during use.  Tool marks on the pavement shall be eliminated by brooming or dragging the surface.  In doing this, the rounding of the corner of the pavement shall not be disturbed.  All concrete on top of the joint filler shall be completely removed.  All joints shall be tested with a straightedge before the concrete has set, and corrections made if one side of the joint is higher than the other.

502.4.85  Hand Finishing.  Compacting, vibrating and finishing concrete by hand methods will be permitted:

(a)  For all curves having a form line radius of less than 200 feet or where wood forms are used.

(b)  For all irregularly shaped areas.
	
(c)  For pavement lanes less than 200 feet long.

(d)  For pavement lanes less than 10 feet wide.

(e)  For bridge approaches and pavement to first expansion joint.

(f)  When a breakdown of the mechanical compacting and finishing equipment occurs or in the event of some other emergency.  After a breakdown, only material which has already been proportioned, and which may be rendered unsatisfactory for use may be finished by hand.

(g)  For all Portland cement concrete base.

502.5  Joints.   Joints shall be of the specified type and dimensions, and constructed at the locations shown on the plans or as approved by the engineer.  Where joints are preformed, the form or joint shall be set and securely fastened to ensure the joint being in the required position when the concrete is finished.  The final position of dowels and tie bars shall be parallel to the subgrade and perpendicular to the line of the joint.  Dowel supporting assemblies shall conform to one of the types shown on the plans.  The concrete shall be placed to avoid displacement or disarrangement of the joint installations.

502.5.1  Expansion Joints.  Expansion joints shall extend for the full cross-section of the concrete pavement.  Filler placed prior to the placement of the concrete shall be installed with a removable cap or edging bar as a guide for edging the joint and protection of the filler during the concrete’s placing and finishing.  Joints constructed after the placement of concrete shall be sawed full depth, and the exposed edges shall be ground to a chamfer of 3/8 inch.  The filler shall rest snugly on the subgrade from form to form.  The joints shall be sealed in accordance with Sec 502.5.4.  Upon removal of the forms, any struts or fins of concrete extending across the joint shall be removed to the full width of the joint and the full thickness of the concrete base or pavement.

502.5.2  Construction Joints.  Construction joints shall be made at the close of each day's work or when the work is stopped or interrupted for more than 30 minutes.  Transverse construction joint shall be located 15 feet from the last contraction joint  Construction joints shall be constructed perpendicular to the top surface and the centerline of the concrete base or pavement.  Construction joints may be formed with a timber header or may be sawed full depth.  The final joint shall conform to the cross-section of the pavement.  Before paving operations are resumed, all surplus concrete and other refuse shall be removed from the subgrade.

502.5.3  Sawing Joints.  Unless otherwise provided, all transverse contraction joints and all Type L longitudinal joints shall be sawed in a single cutting operation with all joint cuts to the dimensions shown on the plans.  For intersections and irregular pavement, joints shall be sawed at locations as approved by the engineer.  Sawing of the joints shall begin as soon as the concrete has hardened sufficiently to permit sawing without excessive raveling.  All joints shall be established before uncontrolled shrinkage cracking takes place.  The sawing of any joint shall be omitted if a crack occurs at or near the joint location prior to the time of sawing.  Sawing shall be discontinued when a crack develops ahead of the saw.  The engineer reserves the right to have the contractor install preformed type joints on multiple width construction when the use of sawed joints fails to prevent random cracking.  Any pavement with random cracking not controlled by dowels or tie bars shall be either removed and replaced using dowels or tie bars as appropriate to the nearest controlled joint or repaired with some other method approved by the engineer at the contractor's expense.

502.5.3.1  Forming Longitudinal Joint.  A joint forming device may be used to establish the longitudinal joint between the two driving lanes or between the driving lane and shoulder 6 foot wide or greater.  The pavement shall have a plan thickness of 8 inches or greater.

502.5.3.1.1  Notification.  The contractor shall indicate in the Quality Control Plan if the longitudinal joint forming device is going to be utilized on the project.

502.5.3.1.2  Joint Forming Device.  The joint forming device shall consist of a pair of straight blades mounted under the paver.  The first blade shall be placed under the front of the primary pan extending forward between the vibrators, if mechanically possible.  The second blade shall be placed on the finishing pan in identical alignment to the first blade.  Blade depth shall be equal to one-third of the slab thickness.

502.5.3.1.3  Depth Verification.  The engineer shall have access behind the paver to randomly check joint formation by inserting a thin metal strip equal to one-third of the slab thickness into the formed joint.

502.5.3.1.4  Weak Plane Verification.  The contractor shall take four 4-inch diameter cores in the longitudinal joint.  Cores shall be taken and tested the following day after the first day of paving.  Samples shall be taken from random locations determined by the engineer.  The cores shall be centered within ± ½ inch around the joint forming trail.  The first one-third of the slab thickness and the second one-third of the slab thickness of each core shall be sawed off from the top and tested in the vertical position for split tensile strength.  The average strength ratio of the first and second cores shall be 1/3 or less.

502.5.3.1.5  Testing Frequency.  For each successive day after the first day of paving, two 
4-inch diameter cores shall be taken in the longitudinal joint.  Samples shall be taken from random locations determined by the engineer.  Cores shall be taken and tested the following day after placement.  Cores shall be tested to determine the indirect tensile strength ratios.  If satisfactory results are consistently achieved, the engineer may reduce the number of cores taken.

502.5.3.1.6  Joint Continuity.  The contractor shall ensure longitudinal joint continuity between consecutive day's paving.

502.5.3.1.7  Unacceptable Results.  If the test results or the quality of the joint forming process are not satisfactory to the engineer, the contractor shall saw the longitudinal joint for the length affected.

502.5.4  Sealing Joints  All sawed contraction joints shall be unsealed, unless the pavement is placed between September 15th and March 15th.  Concrete pavements paved within this period shall have all transverse and longitudinal joints sealed in accordance with Sec 703.3.8 with an approved penetrating concrete sealer.  Sawed or formed expansion joints shall be sealed with joint sealing material before the pavement is opened to any traffic, including construction traffic.  Immediately prior to sealing, the joints shall be thoroughly cleaned and dried.  The sealing material shall be heated to the pouring temperature recommended by the manufacturer.  Any material which has been heated above the maximum safe heating temperature will be rejected.  Any excess material shall be removed from the pavement surface.

502.5.5  Joint Filler at Railroad Crossings.  Bituminous filler for use between railroad crossing approach slabs and the crossing shall be an approved commercial bituminous mixture in accordance with Sec 401.  The mixture shall be tamped into a firm and compacted state.

502.6  Curing.  Immediately after the finishing operations have been completed and as soon as marring of the concrete will not occur, the entire surface and exposed edges of the newly placed concrete shall be covered and cured in accordance with one of the following methods.  The concrete shall not be left exposed for more than 30 minutes between stages of curing or during the curing period.

502.6.1  White Pigmented Membrane.  After the free water has left the pavement surface, the entire surface shall be sealed by spraying with a uniform application of white pigmented membrane curing material.  The contractor shall provide satisfactory equipment to ensure uniform mixture and coverage of curing material, without loss, on the pavement.  The cured concrete surface shall be a solid white color (like white typing paper) and in no case shall the curing application rate be less than one gallon for each 200 square feet.  If rain falls on the newly coated pavement before the film has dried sufficiently to resist damage, or if the film is damaged in any other way, the contractor shall apply additional curing material to the affected portions.  All areas cut by finishing tools subsequent to the application of the curing material shall immediately be given new applications at the rate specified above.  If hairline cracking develops before the membrane can be applied, the concrete shall be initially cured with wet burlap in accordance with Sec 502.6.2 before the membrane is placed.  Membrane curing shall not be used on Portland cement concrete base.  Emulsified asphalt may be used to cure the concrete base if the surface course is to be a bituminous type.

502.6.2  Burlap.  The top surface of the concrete shall be temporarily covered with thoroughly damp burlap after the concrete has set sufficiently to prevent marring of the surface.  Burlap shall be handled in such a manner that contact with earth or other deleterious substances is avoided.  All burlap, except burlap previously used for curing concrete, shall be thoroughly washed.  The burlap shall be kept thoroughly wet until removed for application of the final curing material.  Neither the top nor the edge of the concrete shall be left unprotected for more than 30 minutes.  When the burlap is removed, white pigmented membrane curing material shall be continued by one of the approved methods.

502.7  Removing Forms.  Forms shall be removed carefully to avoid damage to the concrete base or pavement.  Honeycombed areas not rejected shall be immediately repaired.  If the forms are removed less than 72 hours after placing concrete, the sides of the concrete shall be cured by one of the methods specified above.  Any trench excavated for the forms shall be entirely backfilled so water will not stand next to the concrete base or pavement.

502.8  Surface Smoothness.  The pavement surface shall be thoroughly tested for smoothness by profiling or straightedging as indicated in Sec 610.


502.9  Opening to Traffic.  The concrete base and pavement shall not be opened to all types of traffic until the concrete has attained a minimum compressive strength of 2,000 psi.  All sawed joints that have opened more than ¼ inch shall be sealed.  Compressive strength will be determined by tests conducted in accordance with MoDOT test methods.  Pavement shall be cleaned prior to opening to traffic.

502.10  Material Acceptance.  Acceptance will be based on the following criteria being met:

(a) Test results indicating the concrete base or pavement meets the specification requirements

(b) Contractor following the approved Quality Control Plan (QCP)

(c) Favorable comparison between the contractor’s quality control tests and the engineer’s quality assurance tests.  Favorable comparison will be obtained when the engineer’s QA tests results are within two standard deviations from the mean of the QC test results for each individual lot of material.  For properties not evaluated on a lot by lot basis, favorable comparison will be obtained when both the QC and QA tests results meet the specification requirements.  Surface resistivity, compressive strength and slab thickness will be evaluated on a lot by lot basis.

502.10.1  Lot Definition.  A lot shall be defined at 7,500 square yards that consist of a minimum of four sublots, uses the same paving mixture, and has the same plan thickness.  Sublots from incomplete lots shall be combined with the previous complete lot for determination of pay factors.  When no previous lot exists, the mixture shall be treated in accordance with Sec 502.15.5.  A new lot shall begin when the paving mixture is adjusted in accordance with Sec 502.11.7 or if there is a source change of any mixture component.  All QC/QA sampling locations within sublots and lots will be determined by the engineer using random sampling procedures in accordance with ASTM D 3665.

502.10.2  Sampling.  One QC sample shall be taken for each sublot and a minimum of one QA sample shall be taken per lot.  The contractor may choose to either conduct pavement coring or non-destructive test methods for compressive strength, pavement thickness and surface resistivity measurements and shall be noted in the contractor’s QC Plan. The contractor shall furnish all equipment as necessary, for the different sampling methods used.

502.10.2.1  Coring.  A set of QC/QA samples from pavement coring consist of taking one 4-inch diameter core for concrete bases or pavements less than 12 inches thick or one 6-inch diameter core for concrete bases or pavements 12 inches or greater. Cores shall be taken in accordance with AASHTO T 24 and cured in accordance with MoDOT TM 98.  Cores shall not be taken until a minimum compressive strength of 2,000 psi has been attained.  Cores shall be neatly cut with a core drill.  The contractor shall furnish all tools, labor and material for cutting samples and filling the cored hole.  The contractor shall fill the core holes with an approved non-shrink grout within one day after sampling.

502.10.2.1.1  Testing Cores for Thickness, Surface Resistivity and Compressive Strength.  The core thickness shall be determined by the average caliper measurement in accordance with AASHTO T 148.  After the thickness is determined, the cores shall be sawed to an L/D ratio of 2.0 and tested for surface resistivity in accordance with MoDOT TM-97.  After surface resistivity testing, the core shall then be tested for compressive strength in accordance with AASHTO T 22.  The contractor shall determine the compressive strength for coring operations by approved methods.  Cores shall be tested for surface resistivity and compressive strength 28 days after placement.

502.10.2.2  Non-Destructive Test Methods for Thickness, Surface Resistivity and Compressive Strength.  Concrete thickness may be determined by either pavement scanning or pavement probing methods as described herein.  Surface resistivity and compressive strength may be determined by fabricating concrete field cylinders in accordance with MoDOT TM-98.

502.10.2.2.1  Concrete Thickness by Non-Destructive Methods.

502.10.2.2.1.1  Pavement Scanning Method.  The contractor shall furnish a MIT-SCAN-T3 device and metal base plates in accordance with ASTM E3209 for measuring concrete pavement thickness for both QC and QA testing.  Pavement scanning and equipment verification shall be conducted in accordance with MoDOT TM-99.  MIT-SCAN-T3 equipment shall be verified daily.  For QC testing, at least one base plate shall be randomly secured in front of the paver per sublot and 1 base plate for QA per lot at the location provided by the engineer and adjusted as necessary to avoid pavement steel.  The final base plate location shall be at least 4-feet away from any metal object such as steel tie-bars, dowel bars, and baskets.

502.10.2.2.1.2  Pavement Probing Method.  Pavement probing shall be conducted on narrow width pavements (10-foot width or less) in lieu of the pavement scanning method.  Pavement probing shall be conducted in accordance with MoDOT TM-99.  QC and/or QA may conduct pavement probing on the mainline as a verification check when necessary.

502.10.2.2.1.3  Required Pavement Coring.  Pavement coring in accordance with Sec 502.10.2.1 shall be required and replace non-destructive methods for the following scenarios:
(a) At the beginning of the project to verify pavement scanning results for thickness and compressive strength results as outlined in the QC plan or directed by the engineer.
(b) When the pavement scanning method or probing method show thickness deficiency of ½-inch or greater from plan thickness.  The engineer will use the QC core results in lieu of the QC MITSCAN or probing results in determining pay factors for thickness.

(c) When the individual pavement scanning readings differ by more than 0.15-inches after taking two sets of MIT-SCAN measurements.

(d) When there are concrete placement issues occurring such as paver issues, vibrators working incorrectly, visual consolidation issues or other evidence that cause concrete consolidation concerns.  The engineer will use the QC core results in lieu of the QC cylinder results for determining pay factors for compressive strength.
502.10.2.2.2  Surface Resistivity using Cylinders.  A set of QC/QA samples from non-destructive testing methods shall consist of fabricating two 4-inch x 8-inch concrete cylinders in the field and tested for 28-day surface resistivity in accordance with MoDOT TM-97.

502.10.2.2.3  Compressive Strength using Cylinders.  The same set of QC/QA samples used for surface resistivity testing shall be tested for 28-day compressive strength in accordance with AASTHO T 22.

502.10.3.2  Pavement Thickness after Diamond Grinding.  If the contractor elects to diamond grind to improve smoothness or surface texture, in accordance with Sec 610.5.1.3 and 610.5.1.4, then pavement thickness determination by pavement coring or pavement scanning shall be made after all smoothness correction has been completed.  The pavement probing method for determining thickness shall not be used when diamond grinding is conducted.

502.10.4  Quality Level Analysis.  Compressive strength and thickness shall be evaluated for acceptance on a lot-by-lot basis using a Quality Level Analysis (QLA).  The QLA will consider the variability (standard deviation) of the material and the testing procedures, as well as the average (mean) value of the test results to calculate the percentage of material that is above the lower specification tolerance limit (LSL) for compressive strength and thickness.

502.10.4.1  Determine Quality Index.  The Percent Within Limits (PWL) will be based on the mean, standard deviation and quality index of each lot's test results as follows:



Mean


		

		where:
			xa = Mean of the individual values being considered
∑xi = The summation of all the individual values being considered
			n = The number of individual values under consideration

	Standard Deviation


		

		
Where:
			s = Standard Deviation

	Upper Quality Index


		

	Lower Quality Index


		

		Where:

			QU = Upper Quality Index
			QL = Lower Quality Index
			USL = Pay Factor Item Upper Spec Limit
			LSL = Pay Factor Item Lower Spec Limit

502.10.4.2  Determine Percent Within limits.  The upper (PWLU) and lower (PWLL) will be determined from Table I.  Total percent within limits is: PWLt = (PWLU + PWLL) - 100.  For thickness and compressive strength in this specification, PWLU shall be 100.

502.10.4.3  Utilizing Quality Control Test Results.  The engineer will make the Quality Level Analysis (QLA) within 24 hours after receipt of the contractor's test results, by determining the PWLt for each designated pay factor item.  The contractor's test results will be used when applicable to determine the PWL, provided the contractor's QC tests and the engineer's QA tests compare favorably, and provided the engineer's inspection and monitoring activities indicate the contractor is following the approved QC Plan.

502.10.4.4  Material Rendered Unfit.  The engineer may at any time reject and require the contractor to dispose of any batch of concrete mixture which is rendered unfit for use due to contamination, segregation, improper slump or improper entrained air content.  Such rejection may be based on only visual inspection.  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 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.

502.10.4.5  Lower Specification Limits.  The lower specification limit (LSL) for compressive strength and thickness shall be:

	(a) Compressive Strength – 4,000 psi.

	(b) Thickness – Plan thickness minus 1/2 inch.

502.10.5  Outliers.  Individual compressive strength tests within a lot may be checked for an outlier in accordance with the determination of statistic T in ASTM E 178, at a significance level of 5 percent.  Replacement cores shall be obtained at the location designated and in the presence of the engineer.  The PWL shall be determined using the replacement values.

502.11  Contractor Quality Control.

502.11.1  Quality Control Plan.  Prior to approval of concrete mix designs by the engineer, the contractor shall submit a QCP to Construction and Materials.  The QCP shall be approved prior to placing any concrete.  The QCP shall include:

(a) Name and contact information should be provided for the contractor’s representative in charge of QC and the project level representative if different from the contractor’s representative.

(b) Identify the number of sublots each lot will utilize and describe how lots and sublots will be designated.

(c) State the method for determining when concrete cores can be extracted.

(d) State the method for demonstrating the concrete has been protected from freezing.

(e) State the location where control charts will be posted, if utilized by the contractor.

(f) State the target gradation and allowable gradation ranges for each fraction being used.

(g) A proposed independent third party company name, contact person, address, and phone number for dispute resolution.

502.11.1.1  Third Party.  The third party shall be independent of the contractor, MoDOT consultants, and all project subcontractors or suppliers on each specific project.  All testing of material for dispute resolution shall be performed by an approved laboratory that is AASHTO Accreditation Program certified in the areas of the material being tested.

502.11.2  Quality Control Testing.  The contractor shall perform all quality control tests necessary to control the production and construction processes applicable to this specification and as set forth in the QCP.  Quality control testing shall be performed by technicians qualified through MoDOT’s technician certification program.  Testing shall include, but not necessarily be limited to, deleterious content, coarse aggregate absorption, thin or elongated pieces, entrained air content, slump, pavement thickness and compressive strength.  The contractor shall record all test results and furnish a copy to the engineer no later than the beginning of the day following the test.

502.11.2.1  Fine and Coarse Aggregate.

502.11.2.1.1  Aggregate Gradation.  A sieve analysis shall be performed once per lot for PEM mixtures and once a week for non-PEM mixtures.  Testing shall be performed in accordance with AASHTO T 27 from randomly sampled material taken from the discharge gate of storage bins or from the conveyor belt. Samples shall be taken in accordance with AASHTO R 90. Sieve analysis shall be performed on the following sieves:

	PCCP
	Sieves Tested

	Non-PEM Concrete
	Maximum sieve sizea

	PEM Concrete
	Sieves sizes meet Tarantula curve requirements in accordance with Sec 501.


a Coarse aggregate only

502.11.2.1.2  Deleterious Materials.  Deleterious content shall be determined each day at a frequency of one test per 7500 square yards of material placed or fraction thereof.  Test shall be performed in accordance with MoDOT Test Method TM 71 from randomly sampled material taken from the discharge gate of the storage bin or from the conveyor belt.  Samples shall be taken in accordance with AASHTO R 90.  Test shall be performed on coarse aggregate fractions.

502.11.2.1.3  Absorption.  Samples for coarse aggregate absorption shall be taken from the discharge gate of the storage bins or from the conveyor belt at least once every 2,000 cubic yards with a minimum of once per project.  Samples shall be taken in accordance with AASHTO R 90.  Coarse aggregate absorption shall be in accordance with AASHTO T 85.

502.11.2.1.4  Thin or Elongated Pieces.  Thin or elongated pieces shall be determined on samples of coarse aggregate taken from the discharge gate of the storage bins or from the conveyor belt.  Samples shall be taken in accordance with AASHTO R 90.  The aggregate particles retained on the 3/4 in. sieve shall not exceed 5 percent when tested in accordance with ASTM D 4791, based on a 5:1 ratio.  Test shall be performed at least once every 10,000 cubic yards with a minimum of once per project.

502.11.2.1.5  Retained Samples.  All aggregate samples taken by the contractor for determining the gradation, deleterious content, absorption, and thin or elongated pieces shall be retained for the engineer for a minimum of seven days unless otherwise instructed.  The retained sample shall be the remaining half of the final reduction in sample size obtained for QC testing.  These samples shall be maintained in clean covered containers, without contamination, readily accessible to the engineer.  The retained sample’s identification shall consist of, but is not limited to:

	(a) Time and date sampled.

	(b) Product specification number.

	(c) Type of sample, i.e. belt, bin, stockpile.

	(d) Lot and sublot designation.

	(e) Sampler/Tester.

	(f) Project Job Number.

502.11.2.2  Slump.  Slump tests may be performed in accordance with the contractor’s QC Plan.  Slump tests shall be in accordance with AASHTO T 119 from sampled material discharged from trucks at the paving site.  Material samples shall be taken in accordance with AASHTO R 60.

502.11.2.2.1  Box Test.  For PEM mixtures, a daily box test may be substituted for the slump test requirements.

502.11.2.3  Entrained Air Content.  Tests for entrained air content shall be performed on a random basis for each 500 cubic yards of material produced.  The engineer will designate the random location at the time of sampling.  The air content shall be in accordance with Sec 501.10.2, except that the minimum air content in front of the paver shall be 4.5 percent plus the air loss through the paver.  The air loss through the paver is determined a minimum of once per half-day production by sampling the concrete ahead of the paver and behind the paver and subtracting the value obtained ahead of the paver from the value obtained behind the paver.  The engineer shall be given notification prior to determining the air loss in order to witness the air loss determination.  On the first day of paving, the target air content shall be determined immediately after placing 200 cubic yards of concrete.  The entrained air content of the first 200 cubic yards of concrete placed on the first day of paving, sampled in front of the paver, shall be greater than 6.0 percent.  Material samples shall be taken in accordance with AASHTO R 60.  Tests shall be in accordance with AASHTO T 152.

502.11.2.4  Paver Vibratory Checks.  The contractor shall record the frequency of each individual internal vibrator for concrete pavement placed by the slipform method.  The optimum vibrator frequency shall be included in the contractor’s quality control plan and shall be checked with an electronic monitoring device or a tachometer prior to the start of each paving shift and reported to QA within 24 hours.  The vibrators shall not come into contact with dowel bars, dowel bar assemblies, or other pavement reinforcement.

502.11.3  Corrective Action.  As a minimum, a process shall be deemed out of control and corrective action taken if any one of the conditions below exists.  In addition, each truckload of material en route prior to the process of being deemed out of control shall be tested for specification compliance.

502.11.3.1  Aggregate Gradation.  For PEM mixes, when one gradation is outside the Tarantula curve the box test shall be immediately ran as described herein.  For non-PEM mixes, when one test is outside the allowable range, immediate steps shall be taken to correct the gradation.

502.11.3.2  Box Test.  When an aggregate gradation falls outside the Tarantula gradation limits, a box test shall be immediately conducted in accordance with AASHTO T 396 and subject to the following criteria.  The box test shall be performed daily, unless the aggregate gradation is adjusted to meet the Tarantula curve requirements.


	Box Test Criteria1

	Largest Edge Slump Criteria
	
	Average Visual Rating
	Action

	¼-inch or less
	AND
	2.25 or Less
	Pass

	Greater than ¼-inch to ½-inch slump
	OR
	Greater than 2.25 to 2.5
	Construction Tolerance –
Required Mixture Adjustments

	Greater than ½-inch
	OR
	Greater than 2.5
	Unacceptable Mix –
Stop Production and
Required Mix Redesign


1 Acceptable mixtures meeting the box test shall have a ¼-inch maximum edge slump from any one side and an average visual rating from four sides of 2.25 or less.  Mixtures failing the minimum box test criteria but within the construction tolerance shall be adjusted and tested until the mix is within specification.  Mixtures falling outside the construction tolerances is an unacceptable mixture.  Paving shall cease until the mix is redesigned and brought back into specification.

502.11.3.3  Deleterious Content.  When one test is outside the specification limits, immediate steps shall be taken to correct the deleterious content.

502.11.3.4  Slump and Absorption.  The contractor shall halt production and make appropriate adjustments whenever either of the following occurs:

(a)  One point falls outside the action limit line for individual measurements or range.

(b)  Two points in a row fall outside the specification limit but within the action limit line for individual measurements.

	Individual Measurements

	Control Parameter
	Action Limit

	Slump1
	+1 in.

	Absorption
	Mix Design plus 0.3% to Mix Design plus 0.6%


1If box test is used in lieu of the slump test in PEM mixtures, the action limits of the box test in accordance with Sec 502.11.3.2 shall apply.

502.11.4  Pavement.  For pavements with a plan thickness below 8 inches, the following shall apply:

(a) PEM specifications will apply if it exceeds 7,500 square yards.

(b) QC shall determine compressive strength and surface resistivity1 at a frequency of no less than one per 7,500 square yards.  Compressive strength and surface resistivity1 shall be determined from at least three 4- by 8-inch cylinders made in accordance with AASHTO T-23 in accordance with the contract documents.  QA will determine the compressive strength and surface resistivity1 at least once per 30,000 square yards.  Cylinders shall be tested in accordance with AASHTO T-22.  A compressive strength of 3,500 shall be attained by 28-day. Sampling location will be determined by the engineer using random sampling procedures in accordance with ASTM D 3665

(c) QC shall determine pavement thickness of the fresh concrete at a frequency of no less than one per 7,500 square yards.  QA will determine the pavement thickness of the fresh concrete at least once per 30,000 square yards.  Sampling locations will be determined by the engineer using random sampling procedures in accordance with ASTM D 3665

(d) QC shall determine the slump/box test1, air content, gradation or box test1, deleterious, thin and elongated and absorption in accordance with Sec 502.11.  QA will determine the slump/box test1, air content, gradation or box test1, deleterious, thin and elongated and absorption in accordance with Sec 502.12.

1PEM testing will only be required if the planned quantity exceeds 7,500 square yards.

502.11.5  Shoulders.  Shoulders with a plan thickness 8 inches or greater shall be inspected in accordance with requirements applied to concrete placed in the travel way.  Shoulders with a plan thickness below 8 inches shall be handled in accordance with Sec 502.11.4.  Shoulders may be non-PEM mixtures.

502.11.6  Dispute Resolution.  When there are significant discrepancies between the engineer's and the contractor's test results, dispute resolution procedures will be used.

502.11.6.1  Cease Work.  The contractor's operations may be required to cease until the dispute is resolved, if the test results indicate the mixture is unacceptable.

502.11.6.2  Third Party Resolution.  The first step in dispute resolution will be to identify differences in procedures and to correct inappropriate procedures before moving to third party resolution.  If that does not resolve the dispute, either the contractor or the engineer may request the approved QCP third party involvement.  The recommendations of the approved third party will be binding on both the engineer and contractor.

502.11.6.3  Third Party Payment.  The contractor shall be responsible for the costs associated with third party testing and resolution if the final result indicates the engineer's test results were correct.  Likewise, the Commission will be responsible for the cost associated with the third party testing and resolution if the final result indicates the contractor's results were correct.

502.11.6.4  Other Adjustments.  The contractor will not be entitled to any additional payment for costs incurred due to use of the dispute resolution procedures such as, but not limited to, those for delay, cessation of operations, costs to subcontractors, etc.  The engineer may give consideration to adjustment of working days, if warranted.

502.11.7  Concrete Mix Design Adjustment.

502.11.7.1  Field Adjustment.  When test results indicate the concrete produced does not meet the specification requirements or is not performing satisfactorily, the contractor may adjust the mix design in the field as noted herein.  Field adjustments may consist of changing the constituents listed on the approved mix design by no more than 5.0 percent or changing the water cement ratio by no more than 0.02 from the approved mix design.  The engineer shall be notified immediately when any change is made to the mix design.  Additional fractions of material or new material will not be permitted as a field adjustment.  The field adjusted mix shall meet the requirements specified in Sec 501.

502.11.7.2  Field Redesign.  When the constituents listed on the approved mix design are adjusted by more than 5.0 percent or the water cement ratio is changed by more than 0.02, the contractor shall submit a new mix design meeting the requirements specified in Sec 501.  The mix design shall be submitted immediately to the District for approval.  The contractor will be allowed to continue production while the mix design is reviewed.

502.12  Quality Assurance.  Corrective action shall be required in accordance with Sec 502.11.3 for any QA tests outside the action limit.  The engineer will at a minimum, independently test at the following frequency:

	Test
	Frequency

	Compressive Strength
	1 per lot

	Thickness
	1 per lot

	Surface Resistivity
	1 per lot1

	Surface Texture
	1 per lot

	Slump
	1 per day

	Box Test
	1 per project1

	Entrained Air Content
	1 per day

	Aggregate Gradation
	1 per project

	Coarse Aggregate Deleterious 
	1 per week

	Aggregate Absorption
	1 per 10,000 cubic yards

	Thin or Elongated Pieces
	1 per project


1 Test only required for PEM concrete.

502.12.1  Retained Samples.  The QA inspector will test at least ten percent of the retained portion of the QC samples for aggregate gradation and deleterious content.  The QA inspector will test at least twenty percent of the QC retained samples for absorption and thin or elongated pieces.  Retained samples will be chosen at random. A comparison will be considered favorable when the QA results of a QC retained sample are within the applicable limits specified in Sec 403.18.3.

502.12.2  Core Chain of Custody.  QA strength, surface resistivity and thickness cores, when required, shall be sealed in tamper proof bags after extraction.  QA strength and surface resistivity shall be clearly labeled on the cylinder molds and placed in water-tight containers for transport.

502.12.3  Quality Control Equipment.  All QC mixture testing shall be performed using equipment maintained in accordance with Sec 403.17.3, except as follows:

	Equipment – Test Method
(AASHTO)
	Requirement
	Interval
(Month)

	Sieves
	Check Physical Condition
	6

	Mechanical Shakers - T27
	Check Sieving Thoroughness
	12

	Ovens
	Verify Temp. Settings
	4

	Balances
	Verify
	12a

	Air Meters - T152
	Calibrate
	12

	Compression Testing Machine - T22
	Verify Load Indications
	12

	Capping Material
	Check Strength
	3

	Slump Cones - T119
	Check Critical Dimensions
	12

	Box Test – T396 
	Check Physical Conditions
	12

	Wenner Array Probe – Surface Resistivity – T358
	Verify
	Before Testing


a Verify after each move.

502.13  Unacceptable Material.  Any material meeting the following criteria shall be considered unacceptable:

(a) If any measurement of thickness is greater than 10 percent deficient from the plan thickness.

(b) If any surface resistivity measurement is less than 9 kΩ-cm.

(c) If any  measurement of compressive strength is less than 3,500 psi.

(d) All material with an entrained air content less than 4.0 percent.

502.14  Method of Measurement.  Final measurement of the completed pavement will not be made except for authorized changes during construction, or where appreciable errors are found in the contract quantity.  Where required, measurement of the Portland cement concrete base and pavement complete in place will be made to the nearest 1/10 square yard.  The revision or correction will be computed and added to or deducted from the contract quantity.

502.15  Basis of Payment.

502.15.1  Compensation.  The contract unit price for Portland cement concrete base and pavement will be considered as full compensation for all material, including reinforcement, dowels, dowel supports, tie bars and any other items entering into the construction of the traveled way pavement or Portland cement concrete shoulders, and for the cost of QC testing and smoothness testing.  No additional compensation will be allowed for any excess thickness.

502.15.2  Payment.  The accepted quantities of concrete base will be paid for at the contract unit price with proper allowance made for any deductions for deficiency in thickness, surface resistivity and compressive strength.  The accepted quantities of Portland cement concrete pavement will be paid for at the contract unit price with proper allowance made for any deductions for deficiency in thickness, compressive strength, smoothness or marred surface.

502.15.3  Width.  When paving widths are greater than the travel lane widths, payment for profiling will apply to the traffic lane design driving width only, normally 12 feet.  Random lane coring for thickness or required lane replacement will include the full paved lane width to the longitudinal joints or edge of shoulder, whichever is first.

502.15.4  Pay Factors.  The total pay factor (PFt) for each lot is equal to the weighted sum of the pay factors (PF) for each pay factor item for each lot, and is determined as follows:

PFt = + (0.5) PFT + (0.5) PFCS 
		Where:	PFT = Pay Factor for Thickness
		PFCS = Pay Factor for Compressive Strength

The PF for each pay factor item for each lot is based on the PWLt of each pay factor item of each lot and is determined as follows:

	When PWLt is greater than or equal to 70: PF = 0.5 PWLt + 55
	When PWLt is less than 70: PF = 2 PWLt - 50

502.15.4.1  Surface Resistivity Pay Factor.  The contract unit price for each 7,500 square yards or fraction thereof for all PEM mixtures shall be adjusted based on the average surface resistivity results for the quantity according to the following table.  No resistivity incentives shall be provided for concrete mixtures that are considered unacceptable material in accordance with Sec 502.13.

	Surface Resistivity Pay Factor for PEM

	Surface Resistivity
	Percent of Contract Price

	16 kΩ-cm or greater (Mid-Point of Moderate Range)
	103

	15 kΩ-cm to 12 kΩ-cm
	100

	Less than 12 kΩ-cm to 9 kΩ-cm
	97

	Less than 9 kΩ-cm
	Unacceptable



502.15.5  Small Quantities.  For each mix type less than 7,500 square yards, the following shall apply:

QLA and PWL will not be required.

PEM will not be required.

Concrete mix shall be within the specified limits for compressive strength, pavement thickness, slump, air content, gradation, deleterious, and thin and elongated.

Payment for each mix type will be made at 100 percent of the contract unit price if compressive strength is equal to or greater than 3,500 psi and the pavement thickness is not deficient by more that 10 percent of the plan thickness.

502.15.6  Pavements.  For pavements with a plan thickness below 8 inches, the following shall apply:

(a) QLA and PWL will not be required

(b) Concrete mix shall be within the specified limits for compressive strength, surface resistivity, pavement thickness, slump, air content, gradation, deleterious, and thin and elongated.

(c) Payment will be made at 100 percent of the contract unit price if compressive strength is equal to or greater than 3500psi and pavement thickness is not deficient by more than 10 percent of the plan thickness

(d) PEM mixtures will be required, and associated incentives and disincentives shall apply.

502.15.7  Shoulders.  Shoulders with a plan thickness below 8 inches shall be handle in accordance with Sec 502.15.6.

502.15.8  PWL Determination Table.  Values in Table I are estimates of the PWL corresponding to specific values of the Quality Index (Q).  For Q values less than zero, the table shall be subtracted from 100.


	TABLE I
Variability-Unknown Procedure
Standard-Deviation Method

	Quality Index
	PWL For Selected Sample Sizes

	(QU or QL)
	n=3
	n=4
	n=5
	n=6
	n=7
	n=8
	n=9
	n=10

	0.00
	50.00
	50.00
	50.00
	50.00
	50.00
	50.00
	50.00
	50.00

	0.01
	50.28
	50.33
	50.36
	50.37
	50.37
	50.38
	50.38
	50.38

	0.02
	50.55
	50.67
	50.71
	50.74
	50.75
	50.76
	50.76
	50.77

	0.03
	50.83
	51.00
	51.07
	51.10
	51.12
	51.13
	51.15
	51.15

	0.04
	51.10
	51.34
	51.42
	51.47
	51.50
	51.51
	51.53
	51.54

	0.05
	51.38
	51.67
	51.78
	51.84
	51.87
	51.89
	51.91
	51.92

	0.06
	51.66
	52.00
	52.14
	52.21
	52.24
	52.27
	52.29
	52.30

	0.07
	51.93
	52.33
	52.49
	52.57
	52.62
	52.65
	52.67
	52.69

	0.08
	52.21
	52.67
	52.85
	52.94
	52.99
	53.02
	53.06
	53.07

	0.09
	52.48
	53.00
	53.20
	53.30
	53.37
	53.40
	53.44
	53.46

	0.10
	52.76
	53.33
	53.56
	53.67
	53.74
	53.78
	53.82
	53.84

	0.11
	53.04
	53.66
	53.91
	54.04
	54.11
	54.16
	54.20
	54.22

	0.12
	53.32
	54.00
	54.27
	54.40
	54.48
	54.54
	54.58
	54.60

	0.13
	53.59
	54.33
	54.62
	54.77
	54.86
	54.91
	54.95
	54.99

	0.14
	53.87
	54.67
	54.98
	55.13
	55.23
	55.29
	55.33
	55.37

	0.15
	54.15
	55.00
	55.33
	55.50
	55.60
	55.67
	55.71
	55.75

	0.16
	54.43
	55.33
	55.68
	55.86
	55.97
	56.04
	56.09
	56.13

	0.17
	54.71
	55.67
	56.04
	56.23
	56.34
	56.42
	56.47
	56.51

	0.18
	54.98
	56.00
	56.39
	56.59
	56.72
	56.79
	56.84
	56.89

	0.19
	55.26
	56.34
	56.75
	56.96
	57.09
	57.17
	57.22
	57.27

	0.20
	55.54
	56.67
	57.10
	57.32
	57.46
	57.54
	57.60
	57.65

	0.21
	55.82
	57.00
	57.45
	57.68
	57.83
	57.91
	57.98
	58.03

	0.22
	56.10
	57.33
	57.81
	58.05
	58.20
	58.29
	58.35
	58.40

	0.23
	56.39
	57.67
	58.16
	58.41
	58.56
	58.66
	58.73
	58.78

	0.24
	56.67
	58.00
	58.52
	58.78
	58.93
	59.04
	59.10
	59.15

	0.25
	56.95
	58.33
	58.87
	59.14
	59.30
	59.41
	59.48
	59.53

	0.26
	57.23
	58.66
	59.22
	59.50
	59.67
	59.78
	59.85
	59.90

	0.27
	57.52
	59.00
	59.57
	59.86
	60.03
	60.15
	60.22
	60.28

	0.28
	57.80
	59.33
	59.93
	60.22
	60.40
	60.51
	60.60
	60.65

	0.29
	58.09
	59.67
	60.28
	60.58
	60.76
	60.88
	60.97
	61.03

	0.30
	58.37
	60.00
	60.63
	60.94
	61.13
	61.25
	61.34
	61.40

	0.31
	58.66
	60.33
	60.98
	61.30
	61.49
	61.62
	61.71
	61.77

	0.32
	58.94
	60.67
	61.33
	61.66
	61.85
	61.98
	62.08
	62.14

	0.33
	59.23
	61.00
	61.68
	62.01
	62.22
	62.35
	62.44
	62.51

	0.34
	59.51
	61.34
	62.03
	62.37
	62.58
	62.71
	62.81
	62.88

	0.35
	59.80
	61.67
	62.38
	62.73
	62.94
	63.08
	63.18
	63.25

	0.36
	60.09
	62.00
	62.73
	63.09
	63.30
	63.44
	63.54
	63.61

	0.37
	60.38
	62.33
	63.08
	63.44
	63.66
	63.80
	63.91
	63.98

	0.38
	60.68
	62.67
	63.42
	63.80
	64.02
	64.17
	64.27
	64.34

	0.39
	60.97
	63.00
	63.77
	64.15
	64.38
	64.53
	64.64
	64.71

	0.40
	61.26
	63.33
	64.12
	64.51
	64.74
	64.89
	65.00
	65.07

	0.41
	61.56
	63.66
	64.46
	64.86
	65.09
	65.25
	65.36
	65.43

	0.42
	61.85
	64.00
	64.81
	65.21
	65.45
	65.60
	65.72
	65.79

	0.43
	62.15
	64.33
	65.15
	65.57
	65.80
	65.96
	66.07
	66.15

	0.44
	62.44
	64.67
	65.50
	65.92
	66.16
	66.31
	66.43
	66.51

	0.45
	62.74
	65.00
	65.84
	66.27
	66.51
	66.67
	66.79
	66.87

	0.46
	63.04
	65.33
	66.18
	66.62
	66.86
	67.02
	67.14
	67.22

	0.47
	63.34
	65.67
	66.53
	66.96
	67.21
	67.37
	67.49
	67.57

	0.48
	63.65
	66.00
	66.87
	67.31
	67.56
	67.73
	67.85
	67.93

	0.49
	63.95
	66.34
	67.22
	67.65
	67.91
	68.08
	68.20
	68.28

	0.50
	64.25
	66.67
	67.56
	68.00
	68.26
	68.43
	68.55
	68.63

	0.51
	64.56
	67.00
	67.90
	68.34
	68.61
	68.78
	68.90
	68.98

	0.52
	64.87
	67.33
	68.24
	68.69
	68.95
	69.12
	69.24
	69.32

	0.53
	65.18
	67.67
	68.58
	69.03
	69.30
	69.47
	69.59
	69.67

	0.54
	65.49
	68.00
	68.92
	69.38
	69.64
	69.81
	69.93
	70.01

	0.55
	65.80
	68.33
	69.26
	69.72
	69.99
	70.16
	70.28
	70.36

	0.56
	66.12
	68.66
	69.60
	70.06
	70.33
	70.50
	70.62
	70.70

	0.57
	66.44
	69.00
	69.94
	70.40
	70.67
	70.84
	70.96
	71.04

	0.58
	66.75
	69.33
	70.27
	70.73
	71.00
	71.17
	71.29
	71.38

	0.59
	67.07
	69.67
	70.61
	71.07
	71.34
	71.51
	71.63
	71.72

	0.60
	67.39
	70.00
	70.95
	71.41
	71.68
	71.85
	71.97
	72.06

	0.61
	67.72
	70.33
	71.28
	71.74
	72.01
	72.11
	72.30
	72.39

	0.62
	68.05
	70.67
	71.61
	72.08
	72.34
	72.37
	72.63
	72.72

	0.63
	68.37
	71.00
	71.95
	72.41
	72.68
	72.63
	72.97
	73.06

	0.64
	68.70
	71.34
	72.28
	72.75
	73.01
	72.89
	73.30
	73.39

	0.65
	69.03
	71.67
	72.61
	73.08
	73.34
	73.15
	73.63
	73.72

	0.66
	69.37
	72.00
	72.94
	73.41
	73.67
	73.55
	73.95
	74.04

	0.67
	69.71
	72.33
	73.27
	73.73
	73.99
	73.95
	74.28
	74.36

	0.68
	70.05
	72.67
	73.60
	74.06
	74.32
	74.35
	74.60
	74.69

	0.69
	70.39
	73.00
	73.93
	74.38
	74.64
	74.75
	74.93
	75.01

	0.70
	70.73
	73.33
	74.26
	74.71
	74.97
	75.15
	75.25
	75.33

	0.71
	71.08
	73.66
	74.59
	75.03
	75.29
	75.46
	75.57
	75.64

	0.72
	71.44
	74.00
	74.91
	75.35
	75.61
	75.78
	75.88
	75.96

	0.73
	71.79
	74.33
	75.24
	75.68
	75.92
	76.09
	76.20
	76.27

	0.74
	72.15
	74.67
	75.56
	76.00
	76.24
	76.41
	76.51
	76.59

	0.75
	72.50
	75.00
	75.89
	76.32
	76.56
	76.72
	76.83
	76.90

	0.76
	72.87
	75.33
	76.21
	76.63
	76.87
	77.03
	77.14
	77.21

	0.77
	73.24
	75.67
	76.53
	76.95
	77.18
	77.34
	77.44
	77.51

	0.78
	73.62
	76.00
	76.85
	77.26
	77.50
	77.64
	77.75
	77.82

	0.79
	73.99
	76.34
	77.17
	77.58
	77.81
	77.95
	78.05
	78.12

	0.80
	74.36
	76.67
	77.49
	77.89
	78.12
	78.26
	78.36
	78.43

	0.81
	74.75
	77.00
	77.81
	78.20
	78.42
	78.56
	78.66
	78.72

	0.82
	75.15
	77.33
	78.12
	78.51
	78.72
	78.86
	78.95
	79.02

	0.83
	75.54
	77.67
	78.44
	78.81
	79.03
	79.16
	79.25
	79.31

	0.84
	75.94
	78.00
	78.75
	79.12
	79.33
	79.46
	79.54
	79.61

	0.85
	76.33
	78.33
	79.07
	79.43
	79.63
	79.76
	79.84
	79.90

	0.86
	76.75
	78.66
	79.38
	79.73
	79.92
	80.05
	80.13
	80.19

	0.87
	77.18
	79.00
	79.69
	80.03
	80.22
	80.34
	80.42
	80.47

	0.88
	77.60
	79.33
	80.00
	80.33
	80.51
	80.63
	80.70
	80.76

	0.89
	78.03
	79.67
	80.31
	80.63
	80.81
	80.92
	80.99
	81.04

	0.90
	78.45
	80.00
	80.62
	80.93
	81.10
	81.21
	81.28
	81.33

	0.91
	78.91
	80.33
	80.92
	81.22
	81.38
	81.49
	81.56
	81.61

	0.92
	79.37
	80.67
	81.23
	81.51
	81.67
	81.77
	81.84
	81.88

	0.93
	79.83
	81.00
	81.53
	81.81
	81.95
	82.05
	82.11
	82.16

	0.94
	80.29
	81.34
	81.84
	82.10
	82.24
	82.33
	82.39
	82.43

	0.95
	80.75
	81.67
	82.14
	82.39
	82.52
	82.61
	82.67
	82.71

	0.96
	81.27
	82.00
	82.44
	82.67
	82.80
	82.88
	82.94
	82.97

	0.97
	81.78
	82.33
	82.74
	82.95
	83.07
	83.15
	83.20
	83.24

	0.98
	82.30
	82.67
	83.04
	83.24
	83.35
	83.42
	83.47
	83.50

	0.99
	82.81
	83.00
	83.34
	83.52
	83.62
	83.69
	83.73
	83.77

	1.00
	83.33
	83.33
	83.64
	83.80
	83.90
	83.96
	84.00
	84.03

	1.01
	83.93
	83.66
	83.93
	84.08
	84.17
	84.22
	84.26
	84.28

	1.02
	84.53
	84.00
	84.22
	84.35
	84.43
	84.48
	84.51
	84.53

	1.03
	85.14
	84.33
	84.51
	84.63
	84.70
	84.74
	84.77
	84.79

	1.04
	85.74
	84.67
	84.80
	84.90
	84.96
	85.00
	85.02
	85.04

	1.05
	86.34
	85.00
	85.09
	85.18
	85.23
	85.26
	85.28
	85.29

	1.06
	87.10
	85.33
	85.38
	85.44
	85.49
	85.51
	85.53
	85.53

	1.07
	87.87
	85.67
	85.66
	85.71
	85.74
	85.76
	85.77
	85.77

	1.08
	88.63
	86.00
	85.95
	85.97
	86.00
	86.01
	86.02
	86.02

	1.09
	89.40
	86.34
	86.23
	86.24
	86.25
	86.26
	86.26
	86.26

	1.10
	90.16
	86.67
	86.52
	86.50
	86.51
	86.51
	86.51
	86.50

	1.11
	91.55
	87.00
	86.80
	86.76
	86.75
	86.75
	86.74
	86.73

	1.12
	92.95
	87.33
	87.07
	87.01
	87.00
	86.99
	86.98
	86.96

	1.13
	94.34
	87.67
	87.35
	87.27
	87.24
	87.22
	87.21
	87.20

	1.14
	95.74
	88.00
	87.62
	87.52
	87.49
	87.46
	87.45
	87.43

	1.15
	97.13
	88.33
	87.90
	87.78
	87.73
	87.70
	87.68
	87.66

	1.16
	100.00
	88.66
	88.17
	88.03
	87.96
	87.93
	87.90
	87.88

	1.17
	100.00
	89.00
	88.44
	88.27
	88.20
	88.15
	88.12
	88.10

	1.18
	100.00
	89.33
	88.70
	88.52
	88.43
	88.38
	88.35
	88.32

	1.19
	100.00
	89.67
	88.97
	88.76
	88.67
	88.60
	88.57
	88.54

	1.20
	100.00
	90.00
	89.24
	89.01
	88.90
	88.83
	88.79
	88.76

	1.21
	100.00
	90.33
	89.50
	89.25
	89.12
	89.05
	89.00
	88.97

	1.22
	100.00
	90.67
	89.76
	89.48
	89.35
	89.26
	89.21
	89.17

	1.23
	100.00
	91.00
	90.02
	89.72
	89.57
	89.48
	89.43
	89.38

	1.24
	100.00
	91.34
	90.28
	89.95
	89.80
	89.69
	89.64
	89.58

	1.25
	100.00
	91.67
	90.54
	90.19
	90.02
	89.91
	89.85
	89.79

	1.26
	100.00
	92.00
	90.79
	90.41
	90.23
	90.12
	90.05
	89.99

	1.27
	100.00
	92.33
	91.04
	90.64
	90.44
	90.32
	90.25
	90.19

	1.28
	100.00
	92.67
	91.29
	90.86
	90.65
	90.53
	90.44
	90.38

	1.29
	100.00
	93.00
	91.54
	91.09
	90.86
	90.73
	90.64
	90.58

	1.30
	100.00
	93.33
	91.79
	91.31
	91.07
	90.94
	90.84
	90.78

	1.31
	100.00
	93.66
	92.03
	91.52
	91.27
	91.13
	91.03
	90.96

	1.32
	100.00
	94.00
	92.27
	91.73
	91.47
	91.32
	91.22
	91.15

	1.33
	100.00
	94.33
	92.50
	91.95
	91.68
	91.52
	91.40
	91.33

	1.34
	100.00
	94.67
	92.74
	92.16
	91.88
	91.71
	91.59
	91.52

	1.35
	100.00
	95.00
	92.98
	92.37
	92.08
	91.90
	91.78
	91.70

	1.36
	100.00
	95.33
	93.21
	92.57
	92.27
	92.08
	91.96
	91.87

	1.37
	100.00
	95.67
	93.44
	92.77
	92.46
	92.26
	92.14
	92.04

	1.38
	100.00
	96.00
	93.66
	92.97
	92.64
	92.45
	92.31
	92.22

	1.39
	100.00
	96.34
	93.89
	93.17
	92.83
	92.63
	92.49
	92.39

	1.40
	100.00
	96.67
	94.12
	93.37
	93.02
	92.81
	92.67
	92.56

	1.41
	100.00
	97.00
	94.33
	93.56
	93.20
	92.98
	92.83
	92.72

	1.42
	100.00
	97.33
	94.55
	93.75
	93.37
	93.15
	93.00
	92.88

	1.43
	100.00
	97.67
	94.76
	93.94
	93.55
	93.31
	93.16
	93.05

	1.44
	100.00
	98.00
	94.98
	94.13
	93.72
	93.48
	93.33
	93.21

	1.45
	100.00
	98.33
	95.19
	94.32
	93.90
	93.65
	93.49
	93.37

	1.46
	100.00
	98.66
	95.39
	94.49
	94.06
	93.81
	93.64
	93.52

	1.47
	100.00
	99.00
	95.59
	94.67
	94.23
	93.97
	93.80
	93.67

	1.48
	100.00
	99.33
	95.80
	94.84
	94.39
	94.12
	93.95
	93.83

	1.49
	100.00
	99.67
	96.00
	95.02
	94.56
	94.28
	94.11
	93.98

	1.50
	100.00
	100.00
	96.20
	95.19
	94.72
	94.44
	94.26
	94.13

	1.51
	100.00
	100.00
	96.39
	95.35
	94.87
	94.59
	94.40
	94.27

	1.52
	100.00
	100.00
	96.57
	95.51
	95.02
	94.73
	94.54
	94.41

	1.53
	100.00
	100.00
	96.76
	95.68
	95.18
	94.88
	94.69
	94.54

	1.54
	100.00
	100.00
	96.94
	95.84
	95.33
	95.02
	94.83
	94.68

	1.55
	100.00
	100.00
	97.13
	96.00
	95.48
	95.17
	94.97
	94.82

	1.56
	100.00
	100.00
	97.30
	96.15
	95.62
	95.30
	95.10
	94.95

	1.57
	100.00
	100.00
	97.47
	96.30
	95.76
	95.44
	95.23
	95.08

	1.58
	100.00
	100.00
	97.63
	96.45
	95.89
	95.57
	95.36
	95.20

	1.59
	100.00
	100.00
	97.80
	96.60
	96.03
	95.71
	95.49
	95.33

	1.60
	100.00
	100.00
	97.97
	96.75
	96.17
	95.84
	95.62
	95.46

	1.61
	100.00
	100.00
	98.12
	96.88
	96.30
	95.96
	95.74
	95.58

	1.62
	100.00
	100.00
	98.27
	97.02
	96.43
	96.08
	95.86
	95.70

	1.63
	100.00
	100.00
	98.42
	97.15
	96.55
	96.21
	95.98
	95.81

	1.64
	100.00
	100.00
	98.57
	97.29
	96.68
	96.33
	96.10
	95.93

	1.65
	100.00
	100.00
	98.72
	97.42
	96.81
	96.45
	96.22
	96.05

	1.66
	100.00
	100.00
	98.84
	97.54
	96.92
	96.56
	96.33
	96.16

	1.67
	100.00
	100.00
	98.97
	97.66
	97.04
	96.67
	96.44
	96.27

	1.68
	100.00
	100.00
	99.09
	97.78
	97.15
	96.79
	96.54
	96.37

	1.69
	100.00
	100.00
	99.22
	97.90
	97.27
	96.90
	96.65
	96.48

	1.70
	100.00
	100.00
	99.34
	98.02
	97.38
	97.01
	96.76
	96.59

	1.71
	100.00
	100.00
	99.43
	98.13
	97.48
	97.11
	96.86
	96.69

	1.72
	100.00
	100.00
	99.53
	98.23
	97.58
	97.21
	96.96
	96.78

	1.73
	100.00
	100.00
	99.62
	98.34
	97.69
	97.31
	97.05
	96.88

	1.74
	100.00
	100.00
	99.72
	98.44
	97.79
	97.41
	97.15
	96.97

	1.75
	100.00
	100.00
	99.81
	98.55
	97.89
	97.51
	97.25
	97.07

	1.76
	100.00
	100.00
	99.86
	98.64
	97.98
	97.60
	97.34
	97.16

	1.77
	100.00
	100.00
	99.91
	98.73
	98.07
	97.69
	97.43
	97.25

	1.78
	100.00
	100.00
	99.95
	98.81
	98.17
	97.78
	97.52
	97.33

	1.79
	100.00
	100.00
	100.00
	98.90
	98.26
	97.87
	97.61
	97.42

	1.80
	100.00
	100.00
	100.00
	98.99
	98.35
	97.96
	97.70
	97.51

	1.81
	100.00
	100.00
	100.00
	99.06
	98.43
	98.04
	97.78
	97.59

	1.82
	100.00
	100.00
	100.00
	99.14
	98.51
	98.12
	97.86
	97.67

	1.83
	100.00
	100.00
	100.00
	99.21
	98.58
	98.19
	97.93
	97.75

	1.84
	100.00
	100.00
	100.00
	99.29
	98.66
	98.27
	98.01
	97.83

	1.85
	100.00
	100.00
	100.00
	99.36
	98.74
	98.35
	98.09
	97.91

	1.86
	100.00
	100.00
	100.00
	99.42
	98.81
	98.42
	98.16
	97.98

	1.87
	100.00
	100.00
	100.00
	99.48
	98.87
	98.49
	98.23
	98.05

	1.88
	100.00
	100.00
	100.00
	99.53
	98.94
	98.55
	98.30
	98.11

	1.89
	100.00
	100.00
	100.00
	99.59
	99.00
	98.62
	98.37
	98.18

	1.90
	100.00
	100.00
	100.00
	99.65
	99.07
	98.69
	98.44
	98.25

	1.91
	100.00
	100.00
	100.00
	99.69
	99.13
	98.75
	98.50
	98.31

	1.92
	100.00
	100.00
	100.00
	99.73
	99.18
	98.81
	98.56
	98.37

	1.93
	100.00
	100.00
	100.00
	99.77
	99.24
	98.87
	98.62
	98.44

	1.94
	100.00
	100.00
	100.00
	99.81
	99.29
	98.93
	98.68
	98.50

	1.95
	100.00
	100.00
	100.00
	99.85
	99.35
	98.99
	98.74
	98.56

	1.96
	100.00
	100.00
	100.00
	99.87
	99.39
	99.04
	98.79
	98.61

	1.97
	100.00
	100.00
	100.00
	99.90
	99.44
	99.09
	98.84
	98.67

	1.98
	100.00
	100.00
	100.00
	99.92
	99.48
	99.14
	98.90
	98.72

	1.99
	100.00
	100.00
	100.00
	99.95
	99.53
	99.19
	98.95
	98.78

	2.00
	100.00
	100.00
	100.00
	99.97
	99.57
	99.24
	99.00
	98.83

	2.01
	100.00
	100.00
	100.00
	99.98
	99.60
	99.28
	99.05
	98.88

	2.02
	100.00
	100.00
	100.00
	99.98
	99.64
	99.32
	99.09
	98.92

	2.03
	100.00
	100.00
	100.00
	99.99
	99.67
	99.37
	99.14
	98.97

	2.04
	100.00
	100.00
	100.00
	99.99
	99.71
	99.41
	99.18
	99.01

	2.05
	100.00
	100.00
	100.00
	100.00
	99.74
	99.45
	99.23
	99.06

	2.06
	100.00
	100.00
	100.00
	100.00
	99.76
	99.48
	99.27
	99.10

	2.07
	100.00
	100.00
	100.00
	100.00
	99.79
	99.51
	99.30
	99.14

	2.08
	100.00
	100.00
	100.00
	100.00
	99.81
	99.55
	99.34
	99.18

	2.09
	100.00
	100.00
	100.00
	100.00
	99.84
	99.58
	99.37
	99.22

	2.10
	100.00
	100.00
	100.00
	100.00
	99.86
	99.61
	99.41
	99.26

	2.11
	100.00
	100.00
	100.00
	100.00
	99.88
	99.64
	99.44
	99.29

	2.12
	100.00
	100.00
	100.00
	100.00
	99.89
	99.66
	99.47
	99.32

	2.13
	100.00
	100.00
	100.00
	100.00
	99.91
	99.69
	99.51
	99.36

	2.14
	100.00
	100.00
	100.00
	100.00
	99.92
	99.71
	99.54
	99.39

	2.15
	100.00
	100.00
	100.00
	100.00
	99.94
	99.74
	99.57
	99.42

	2.16
	100.00
	100.00
	100.00
	100.00
	99.95
	99.76
	99.59
	99.45

	2.17
	100.00
	100.00
	100.00
	100.00
	99.96
	99.78
	99.62
	99.48

	2.18
	100.00
	100.00
	100.00
	100.00
	99.97
	99.80
	99.64
	99.50

	2.19
	100.00
	100.00
	100.00
	100.00
	99.98
	99.82
	99.67
	99.53

	2.20
	100.00
	100.00
	100.00
	100.00
	99.99
	99.84
	99.69
	99.56

	2.21
	100.00
	100.00
	100.00
	100.00
	99.99
	99.85
	99.71
	99.58

	2.22
	100.00
	100.00
	100.00
	100.00
	99.99
	99.87
	99.73
	99.61

	2.23
	100.00
	100.00
	100.00
	100.00
	100.00
	99.88
	99.75
	99.63

	2.24
	100.00
	100.00
	100.00
	100.00
	100.00
	99.90
	99.77
	99.66

	2.25
	100.00
	100.00
	100.00
	100.00
	100.00
	99.91
	99.79
	99.68

	2.26
	100.00
	100.00
	100.00
	100.00
	100.00
	99.92
	99.80
	99.70

	2.27
	100.00
	100.00
	100.00
	100.00
	100.00
	99.93
	99.82
	99.72

	2.28
	100.00
	100.00
	100.00
	100.00
	100.00
	99.94
	99.83
	99.73

	2.29
	100.00
	100.00
	100.00
	100.00
	100.00
	99.95
	99.85
	99.75

	2.30
	100.00
	100.00
	100.00
	100.00
	100.00
	99.96
	99.86
	99.77

	2.31
	100.00
	100.00
	100.00
	100.00
	100.00
	99.96
	99.87
	99.78

	2.32
	100.00
	100.00
	100.00
	100.00
	100.00
	99.97
	99.88
	99.80

	2.33
	100.00
	100.00
	100.00
	100.00
	100.00
	99.97
	99.90
	99.81

	2.34
	100.00
	100.00
	100.00
	100.00
	100.00
	99.98
	99.91
	99.83

	2.35
	100.00
	100.00
	100.00
	100.00
	100.00
	99.98
	99.92
	99.84

	2.36
	100.00
	100.00
	100.00
	100.00
	100.00
	99.98
	99.93
	99.85

	2.37
	100.00
	100.00
	100.00
	100.00
	100.00
	99.99
	99.93
	99.86

	2.38
	100.00
	100.00
	100.00
	100.00
	100.00
	99.99
	99.94
	99.87

	2.39
	100.00
	100.00
	100.00
	100.00
	100.00
	100.00
	99.94
	99.88

	2.40
	100.00
	100.00
	100.00
	100.00
	100.00
	100.00
	99.95
	99.89

	2.41
	100.00
	100.00
	100.00
	100.00
	100.00
	100.00
	99.96
	99.90

	2.42
	100.00
	100.00
	100.00
	100.00
	100.00
	100.00
	99.96
	99.91

	2.43
	100.00
	100.00
	100.00
	100.00
	100.00
	100.00
	99.97
	99.91

	2.44
	100.00
	100.00
	100.00
	100.00
	100.00
	100.00
	99.97
	99.92

	2.45
	100.00
	100.00
	100.00
	100.00
	100.00
	100.00
	99.98
	99.93

	2.46
	100.00
	100.00
	100.00
	100.00
	100.00
	100.00
	99.98
	99.94

	2.47
	100.00
	100.00
	100.00
	100.00
	100.00
	100.00
	99.98
	99.94

	2.48
	100.00
	100.00
	100.00
	100.00
	100.00
	100.00
	99.99
	99.95

	2.49
	100.00
	100.00
	100.00
	100.00
	100.00
	100.00
	99.99
	99.95

	2.50
	100.00
	100.00
	100.00
	100.00
	100.00
	100.00
	99.99
	99.96

	2.51
	100.00
	100.00
	100.00
	100.00
	100.00
	100.00
	99.99
	99.96

	2.52
	100.00
	100.00
	100.00
	100.00
	100.00
	100.00
	99.99
	99.97

	2.53
	100.00
	100.00
	100.00
	100.00
	100.00
	100.00
	100.00
	99.97

	2.54
	100.00
	100.00
	100.00
	100.00
	100.00
	100.00
	100.00
	99.98

	2.55
	100.00
	100.00
	100.00
	100.00
	100.00
	100.00
	100.00
	99.98

	2.56
	100.00
	100.00
	100.00
	100.00
	100.00
	100.00
	100.00
	99.98

	2.57
	100.00
	100.00
	100.00
	100.00
	100.00
	100.00
	100.00
	99.98

	2.58
	100.00
	100.00
	100.00
	100.00
	100.00
	100.00
	100.00
	99.99

	2.59
	100.00
	100.00
	100.00
	100.00
	100.00
	100.00
	100.00
	99.99

	2.60
	100.00
	100.00
	100.00
	100.00
	100.00
	100.00
	100.00
	99.99

	2.61
	100.00
	100.00
	100.00
	100.00
	100.00
	100.00
	100.00
	99.99

	2.62
	100.00
	100.00
	100.00
	100.00
	100.00
	100.00
	100.00
	99.99

	2.63
	100.00
	100.00
	100.00
	100.00
	100.00
	100.00
	100.00
	100.00

	2.64
	100.00
	100.00
	100.00
	100.00
	100.00
	100.00
	100.00
	100.00

	2.65
	100.00
	100.00
	100.00
	100.00
	100.00
	100.00
	100.00
	100.00





4.0  Delete Sec 506 in its entirety and substitute with the following:

[bookmark: _Toc289256664]506  CONCRETE OVERLAYS FOR PAVEMENTS

[bookmark: _Toc289256665]506.10  BONDED CONCRETE OVERLAYS OF ASPHALT PAVEMENTS.

506.10.1  Description.  This work shall consist of producing and placing a bonded concrete overlay on asphalt(BCOA) as shown on the plans or as directed by the engineer.  The BCOA pavement shall be in accordance with Sec 502, except as modified herein. The BCOA pavement shall consist of a fiber reinforced concrete pavement placed over a prepared asphalt surface.  Unless otherwise specified on the plans, the minimum BCOA pavement thickness shall be 4 inches.  The prepared base asphalt shall have a minimum thickness of 3 inches.

506.10.2  Material.  All material shall be in accordance with Division 1000, Material Details, unless otherwise noted.

506.10.2.1  Fibers.  Fibrillated polypropylene fibers shall be added at a rate of 3.0 pounds per cubic yard.  All fibers shall be measurable by weight.  Fibers may be measured in bags, boxes or like containers with approval from the engineer.  The containers shall be sealed by the fiber manufacturer, and shall have the weight contained therein clearly marked by the manufacturer.  No fraction of container delivered unsealed or left over from previous work shall be used unless weighed.  Fibers shall be added to the concrete mix and mixed according to the fiber manufacturer's recommendations.

506.10.2.2  Water-Reducers.  An approved high range water-reducer admixture may be used.  No re-dosing of high range water-reducing admixture will be permitted.

506.10.3  Mix Design.

506.10.3.1  Mix Approval.  The contractor shall submit a mix design to Construction and Materials for approval in accordance with Sec 501.  The mixture shall be designed to develop a minimum 28-day compressive strength of 4,600 psi.  The maximum aggregate size shall be no more than one-third the thickness of the BCOA pavement.

506.10.3.2  Admixtures.  Any admixtures used shall be certified by the fiber manufacturer for compatibility with the fibers used in the concrete.

506.10.3.3  Mix Adjustments.  The contractor shall not make any mix design changes during placement of the BCOA pavement without prior approval from the engineer.

506.10.4  Construction Requirements.  The QC/QA provisions of Sec 502 will not apply.

506.10.4.1  Surface Preparation.  The existing bituminous surface shall be coldmilled in accordance with Sec 622.10 and as indicated elsewhere in the contract.

506.10.4.1.1  Prior to placing the BCOA pavement, the surface shall be thoroughly cleaned of all vegetation, dirt, mud and other objectionable material.  All dust and loose particles shall be completely removed.

506.10.4.1.2  The asphalt surface temperature shall not exceed  90 F at the time of BCOA pavement placement.  This may require night placement, water fogging or other suitable means of obtaining a cooler surface.  At the time of placement of the BCOA pavement, there shall be no puddled water or other contamination to prevent bonding of the BCOA to the asphalt surface.

506.10.4.2  Placement.

506.10.4.2.1  Provided no loose, foreign material is tracked onto the surface, trucks used for transporting concrete may drive on the pavement being overlaid and concrete may be deposited directly in front of the concrete spreader.

506.10.4.2.2  The BCOA pavement shall be free of fiber balls when placed.

506.10.4.2.3  The concrete temperature shall not exceed 90 F when delivered to the site.

506.10.4.2.4  The BCOA pavement shall be placed in a uniform thickness on a final grade that has been established by other means, such as cold milling.

506.10.4.3  Surface Finish.  The surface finish of the BCOA pavement shall be in accordance with Sec 502.

506.10.4.4  Joints.  Sawing of the joints shall not cause excessive raveling. The joints shall be spaced equidistant longitudinally and transversely and at a distance approximately equal to twelve times the specified BCOA pavement thickness, with the following exceptions.  Slight adjustments may be made in the joint spacing to equalize the longitudinal joints between pavement cast edges.  All sawed BCOA pavement units shall be square, except as necessary in pavement width transitions.  In such cases, slight field adjustments may be made to maintain relatively square units.  Joint spacing for any adjustments shall not exceed one foot more than 12 times the specified BCOA pavement thickness.  Transverse joints on adjoining lanes shall match.  The minimum depth of the joints shall be one-third the BCOA and the width of the joint shall be 1/8 inch maximum.  The joints shall not be sealed but shall be cleaned of all deleterious material after sawing.  The engineer may require the contractor to replace BCOA pavement where cracking occurs due to late sawing at the contractor’s expense.

506.10.4.5  Curing.  Curing compound shall be applied at 1.5 times the normal application rate.  If blankets are used for fast tracking, the blankets shall be light in color and shall not take the place of a curing compound.  The temperature under the blanket shall not exceed 
160 F.  Blankets shall not be removed until the temperature under the blanket is within 40 F of the ambient temperature.

506.10.4.6  Opening to Traffic.  BCOA pavement shall not be opened to all types of traffic until the concrete has attained a minimum compressive strength of 3,500 psi.  Compressive strength will be determined by tests conducted in accordance with MoDOT Test 
Methods.

506.10.5  Method of Measurement.

506.10.5.1  Material Furnished.  Measurement for furnishing BCOA concrete will be made to the nearest 0.1 cubic yard for material incorporated into the BCOA pavement.

506.10.5.2  Material Placed.  Measurement for placing BCOA pavement will be computed to the nearest 0.1 square yard.

506.10.5.3  Pavement Thickness Determination.  The thickness of the BCOA pavement will be determined by the average caliper measurement of cores in accordance with AASHTO T 148.  Non-destructive test methods in accordance with Sec 502 may be used for thickness determination.

506.10.5.3.1  For the purpose of determining the constructed thickness of the pavement, cores will be taken at random intervals in each traffic lane at the rate of one core per 1,000 feet, or increment thereof.  In addition, cores will be taken at all locations where thickness measurements taken during construction indicate a thickness deficiency sufficient to justify a deduction from the contract unit price or at any other locations as may be determined by the engineer.  If the measurement of any core is deficient in excess of 3/10 inch from the plan thickness, additional cores will be taken at 30-foot intervals parallel to the centerline ahead and behind the affected location until the extent of the deficiency has been determined.

506.10.5.3.2  Each core will represent the pavement thickness for a distance extending one-half the distance to the next core, measured along the centerline.  In the case of a beginning or ending core, the distance shall extend to the end of the pavement section.

506.10.5.4   Pavement Strength Determination.   The strength of the BCOA concrete will be determined by testing cylinders in accordance with AASHTO T 22.  Cylinders will be tested at the rate of one per 500 cubic yards, or increment thereof.  Any 28-day cylinder strength below 4,000 psi is unacceptable. 

506.10.5. 5 Final Measurement.  Final measurement of the complete UTW pavement will not be made except for authorized changes during construction or where appreciable errors are found in the contract quantity.  The revision or correction will be computed and added to or deducted from the contract quantity.

506.10.5. 6  Quantity of Cold milling.  Measurement for cold milling bituminous pavement for removal of surface will be made in accordance with Sec 622.10.4.

506.10.6  Basis of Payment.

506.10.6.1  Material Furnished.  The plan quantity for the furnishing of BCOA concrete will be paid for at the contract unit price for BCOA concrete, per cubic yard.  Reimbursement for any additional concrete incorporated into the BCOA pavement will be in accordance with Sec 109.5.3 and shall not exceed the unit contract price.

506.10.6.2  Material Placed.  The plan quantity for the placement of BCOA pavement will be paid for at the contract unit price for BCOA pavement, per square yard.  No direct payment will be made for surface preparation following cold milling of the bituminous surface, or furnishing labor, equipment, reinforcement and other materials to place, finish, texture cure, and saw the joints in the BCOA pavement.

506.10.6.3  Pavement Thickness.  Pavement thickness determination will be made after all smoothness correction has been completed.  If any core measurement of thickness is deficient, the contractor may remove and replace the pavement at the contractor's expense or leave the pavement in place, and receive the following deductions in payment:

	Deficiency in Thickness
	Deductions, Percent of Contract Unit Price

	0 to 3/10 inch
	None

	Over 3/10 inch
	100



506.10.6.3.1  The above deductions will be applied to a section of pavement 30 feet long and will include the entire paved width for a specific pass.  Deductions for deficient thickness or damaged pavement may be entered on any estimate after the information becomes available.

506.10.6.3.2  Any pavement that is replaced shall be  of a satisfactory quality and thickness that, when accepted by the engineer, will be included in the pay quantity.  No payment will be made for any costs incurred in the removal of the deficient pavement.

506.10.6.3.3  Removal of pavement shall be from the edge to a longitudinal joint or between longitudinal joints and on each side of the deficient measurement until no portion of the exposed cross sections is more than 3/10 inch deficient, except that there shall be no less than 15 linear feet of pavement removed.  If there remains less than 15 feet of acceptable pavement between the section that has been removed and a transverse contraction, expansion or construction joint, the contractor shall remove the pavement to the joint, at the contractor’s expense.

506.10.6.4  Adjustments.  Any adjustments in payment as a result of the profilograph index or pavement thickness deficiency of the BCOA pavement will be made to the unit contract prices for furnishing BCOA concrete, per cubic yard and placing BCOA pavement , per square yard.  For this purpose, the volume of BCOA pavement placed per cubic yard  price will be adjusted to a square yard price based on the plan BCOA pavement thickness.

506.10.6.5  Cold Milling.  Payment for cold milling bituminous pavement for removal of surface will be made in accordance with Sec 622.10.5.

[bookmark: _Toc289256666]506.20  UNBONDED CONCRETE OVERLAYS OF CONCRETE PAVEMENTS.

506.20.1  Description.  This work shall consist of placing an interlayer material on an existing concrete pavement and constructing an unbonded concrete overlay in accordance with the details and locations shown on the plans.    The unbonded overlays are constructed similarly to new concrete pavement in terms of joint spacing and use of dowel bars and tie bars.  Thin big-block unbonded overlays are sawed into smaller panels and require no steel as shown in the plans.  The overlay shall be placed in accordance with Sec 502, except as herein stated.

506.20.2  Material.  All material shall be in accordance with Division 1000, Material Details, unless specified otherwise.

506.20.2.1   Patching Material.  Patching material for use in repair of surface defects prior to the overlay shall consist of bituminous material, cementitious material, or other equivalent material meeting the approval of the engineer.

506.20.2.2  Interlayer.  The interlayer material shall be a geotextile fabric in accordance with Sec 1011.3.7.

506.20.2.3  Concrete.  All procedures and material for the unbonded overlay shall be in accordance with Sec 502, including QC/QA, PEM requirements and PWL provisions for non-reinforced concrete pavement, except the strength pay factor will account for 100 percent of the total pay factor.  PEM incentives and disincentives will apply.  The pay factor for thickness will not apply.

506.20.2.4  Dowel Bars.  Dowel bars shall be in accordance with Sec 1057.1 and of the size shown on the plans.

506.20.3  Construction Requirements.

506.20.3.1  Handling Traffic.  Preliminary work, including joint sealing and patching, may be done under traffic as permitted elsewhere in the contract.  Prior to placement of the debonding material, the traffic shall be diverted as shown on the plans, and the remaining operations shall commence.

506.20.3.2  Surface Preparation.  All holes greater than 2 inches wide and one inch deep in the surface of the traffic lanes, excluding shoulders, shall be filled with patching material and shall be compacted to a flat, tight surface.

506.20.3.3  Expansion Joints.  Any transverse expansion joints in the existing pavement shall be specifically marked and identified as such.

506.20.3.4   Interlayer Placement. 


506.20.3.4.1   Geotextile Interlayer.   Geotextile interlayer placement shall comply with the following requirements: 
	
506.20.3.4.1.1  Fabric shall be tight without excess wrinkles and folds.

506.20.3.4.1.2  Fabric shall be pinned to underlying layer with bolts/nails punched through galvanized washers/discs every 6 ft.

506.20.3.4.1.3  Where it occurs, fabric shall overlap by 8  2 in.

506.20.3.4.1.4  Fabric shall be damp, but not saturated, prior to concrete placement.

506.20.3.4.1.5  The surface temperature of the fabric shall not exceed 90 degrees F prior to the overlay placement.

506.20.3.4.1.6  Fabric shall extend throughout the travelway and overlap onto the shoulder by at least 18 inches.

506.20.3.5  Surace Cleaning.  Before the unbonded concrete overlay is placed, the interlayer surface shall be free of loose material.

506.20.3.6  Dowel Bars.  Dowel bars for unbounded overlays shall be installed the full width of the unbonded overlay and the baskets, if used, shall be firmly anchored to the interlayer surface.

506.20.3.7   Tie Bars.  Tie bars shall be installed between lanes in an unbounded concrete overlay.

506.20.3.8  Concrete Temperature.  The concrete temperature shall not exceed 90 F when delivered to the site.

506.20.3.9  Placing Concrete.  Provided no loose foreign material is tracked onto the surface, trucks used for transporting concrete may drive on the pavement being overlaid and concrete may be deposited directly in front of the concrete spreader.

506.20.3.10  Joints.  

506.20.3.10.1  Any expansion joints shall be precut in the plastic concrete to allow for slab movement prior to sawing.  As soon as sawing is possible, the contractor shall saw two full-depth cuts on each side of the precut joint following the edges of the underlying expansion joint, as marked out, and the concrete between the saw joints shall be removed.  

506.20.3.10.2   Sawing of the contraction joints shall not cause excessive raveling. Standard joint spacing for a thin big-block unbounded concrete overlay is 6 feet transversely and longitudinally.  Standard joint spacing for an unbounded overlay is 15 ft transversely and 12 ft across the full lane width.  New transverse joints will not be required to match existing transverse joints.  The minimum depth of the sawed joints shall be one-third the pavement thickness and the width of the joint shall be 1/8-inch maximum.  The joints shall not be sealed, unless open more than ¼ inch, but shall be cleaned of all deleterious material after sawing.  Concrete panels with cracking outside of the sawed joints shall be considered unacceptable.

506.20.3.11   Opening Strength.  The unbounded concrete overlay may be opened for light-weight traffic when the concrete has attained a minimum compressive strength of 2,500 psi.  The concrete pavement shall not be opened to all types of traffic until the concrete has attained a minimum compressive strength of 3,000 psi.  Compressive strength for opening to traffic shall be determined either by compressive strength tests in accordance with AASHTO T 22 or the maturity method in accordance with Sec 507.

506.20.3.12  Acceptance Testing Procedures and Reporting.  Non-destructive testing methods may be used for thickness, surface resistivity, and compressive strength in lieu of cores in accordance with Sec 502.10.2.2.  All testing and reporting procedures for the unbonded concrete overlay shall be in accordance with Sec 502.10, including QC/QA, PEM requirements, and PWL provisions for concrete pavement, except the following shall apply:

506.20.3.12.1  Minimum Thickness.  Pavement thickness determination will be made after all smoothness correction has been completed.  The minimum concrete overlay thickness shall be the design thickness less 10 percent.  Any core less than the minimum thickness is unacceptable.  Additional cores will be taken at 30-foot intervals parallel to the centerline ahead and behind the affected locations until the extent of the deficiency has been determined.

506.20.3.12.2 Surface Resistivity. Surface resistivity testing can only be conducted on cores when the length-to-diameter (L/D) ratio is equal to 2.00. If this ratio cannot be met, surface resistivity testing shall instead be conducted on 4- by 8- inch cylinders that are made in accordance with AASHTO T-23.

506. 20.3.12.3   Compressive Strength.  After the thickness is determined, the cores shall be tested for compressive strength in accordance with AASHTO T 22.  The length-to-diameter (L/D) ratio of the core shall be measured and recorded to the nearest 0.01 inch, and the L/D ratio shall be between 1.00 and 2.00.  If the L/D ratio of the drilled core is 1.75 or less, the compressive strength shall be corrected by multiplying the appropriate correction factor shown in the following table:

	L/D
	1.75
	1.5
	1.25
	1.00

	Correction Factor
	0.98
	0.96
	0.93
	0.87



Use interpolation to determine correction for L/D values between those given in the table.

506.20.3.12.4   Pay Factor.  The Pay Factor for Compressive Strength (PFCS) will account for 100 percent of the total pay factor.  Surface resistivity incentives and disincentives will apply in accordance with Sec 502. The total pay factor (PFt) for each lot shall be determined as follows:

	(PFt) = (1.0) PFCS  ; where the pay factor for thickness does not apply.

The PF for each pay factor item for each lot is based on the PWLt of each pay factor item of each lot and is determined as follows:

When PWLt is greater than or equal to 70: PF = 0.5 PWLt + 55.0
When PWLt is less than 70: PF = 2 PWLt – 50.

506.20.4 Method of Measurement.

506.20.4.1 Furnishing Concrete.  Measurement for furnishing unbonded overlay concrete will be to the nearest 0.1 cubic yard.  The cubic yard quantity will be calculated in one of the two ways explained in Secs 506.20.4.1.1 and 506.20.4.1.2.  Thickness, profile, and smoothness requirements shall not be waived for either method of measurement, unless stated so in the plans or agreed to by the engineer.

506.20.4.1.1 Field Established Profile.  The contractor shall establish the roadway profile prior to the overlay.  The profile shall be submitted to the engineer and include edge of pavement and centerline elevations at 50-foot intervals in tangent sections and 25-foot intervals in curve sections.  The engineer will determine the final profile within 7 calendar days of receipt.  The engineer will determine the required number of cubic yards of concrete from this profile.  This quantity will be the field established plan quantity.

506.20.4.1.2 Existing Profile.  The contractor shall use the plan quantity shown in the contract documents.  The contractor shall construct the overlay to match the profile of the existing roadway.  The contractor may utilize traveling grade control to place the overlay.

506.20.4.2 Placing Unbonded Concrete Overlay.  Measurement for placing unbonded overlay concrete will be computed to the nearest 0.1 square yard.  Final measurement of the completed pavement will not be made except for authorized changes during construction, or where appreciable errors are found in the contract quantity.  The revision or correction will be computed and added to or deducted from the contract quantity.

506.20.4.3  Interlayer.  Measurement for the interlayer will be made to the nearest square yard.

506.20.5  Basis of Payment.

506.20.5.1  Furnishing Concrete.  The accepted volume of concrete for the unbonded concrete overlay will be paid for at the contract unit price for furnishing concrete, per cubic yard.

506.20.5.2  Placing Unbonded Concrete Overlay.  Placement of the unbonded concrete overlay will be paid for at the contract unit price for placing unbonded concrete overlay per square yard.  No direct payment will be made for furnishing labor, equipment, dowels, tie bars and other materials to place, finish, texture and cure the overlay including sawing and sealing, if necessary, the joints, in accordance with the plans and specifications.

506.20.5.3  Payment Adjustments.  Any adjustments in payment as a result of the profilograph index or pavement thickness deficiency of the unbonded concrete overlay will be made to the contract unit  price for furnishing concrete and placing unbonded concrete overlay each, for the segments involved.  Adjustment in payment for QC/QA concrete strength pay factors will be made to the contract unit price for furnishing concrete and placing unbonded concrete overlay, each, for the segments involved. Adjustment in payment for surface resistivity will be made to the contract unit price for furnishing concrete and placing unbonded concrete overlay, each, for the segments involved.  For all adjustments, the furnishing concrete per cubic yard price will be adjusted to a square yard price based on the plan overlay thickness.

506.20.5.4  Interlayer.  Payment for the  interlayer will be paid for at the contract unit price per square yard.

506.20.5.5   Repairs.  Payment for full depth and partial depth repairs shall be in accordance with Sec 613.

506.20.5.6  Surveying and Staking.  Payment for contractor surveying and staking will be in accordance with Sec 105.

SECTION 506.30  UNBONDED CONCRETE OVERLAYS ON ASPHALT PAVEMENTS.

506.30.1  Description.  This work shall consist of constructing an unbonded concrete overlay on an existing asphalt surface in accordance with the details and locations shown on the plans.  All work shall be performed in accordance with Section 506.20, except that an interlayer shall not be used.


5.0  TM-97

106.3.2.97  TM-97, Surface Resistivity Indication of Concrete’s Ability to Resist Chloride Ion Penetration for Cylinders and Cores.

Scope.  This test method covers the determination of the electrical resistivity of concrete to provide a rapid indication of its resistance to penetration of chloride ions for quality assurance purposes.  Surface Resistivity shall be in accordance with AASHTO T 358 except as described herein.

106.3.2.97.1  Equipment

1) An alkali-resistant container with lid.  A plastic 5-gallon bucket with lid or equivalent container may be used to hold 4 specimens.
2) A bucket insert or travel carrier that equally spaces the 4 x 8 specimens in the container.
3)  A bottom grate in container that would assist in saturating the bottom of specimens.
4) Reagents & Formulation – Mix the following reagents to make approximately 3.5 gallons of solution for a 5-gallon container holding 3 specimens.
· 13250 g - Clean Water
· 102.6 g – Sodium Hydroxide (NaOH) at 96 percent or greater purity
· 143.9 g - Potassium Hydroxide (KOH) – 85 percent or greater purity
· 27.0 g - Calcium Hydroxide (Ca(OH)2 at 97 percent or greater purity

Note 1: The calcium hydroxide-saturated conditioning solution is a concentration of 7.6 g/L NaOH, 10.64 g/L KOH, and 2 g/L Ca(OH)2 for other sized containers.

Note 2: The calcium hydroxide-saturated conditioning solution should be agitated/stirred at least once every month and shall not be used for a period exceeding a 24-month time period.

5) Surface Resistivity Apparatus – Apparatus with Wenner array probe capable of supplying a frequency of between 10 and 1000 Hz. and adjustment of the probe tip spacing to 1.5 inch.
6) Specimen Holder – Non-conductive holding device to prevent movement while readings are being taken.
7) Non-contact infrared thermometer capable of providing temperature measurements in the range of 32 to 140 +/- 3.6° F.
8) Marking Device or Chalk – To write on the surface of the concrete.
9) Towel – To bring the concrete sample to saturated-surface-dry (SSD) condition and remove excess moisture from the sample.
10) Shallow Pan – To hold a small amount of water to dip the tips of the resistivity apparatus into the water and fill the voids in the cap tips.

[bookmark: _Hlk194901428]106.3.2.97.2  Field Sampling and Curing of Cylinders

Two 4-inch x 8-inch cylinders shall be fabricated in the field in accordance with AASHTO R 100 for each QC sublot and each QA lot at random locations.

Initial Curing for Cylinders – Immediately after molding and finishing, the cylinder molds shall be stored in a 5-gallon bucket or other container on a flat surface and completely submerged in the calcium hydroxide-saturated conditioning solution for a minimum of 24-hours and up to a 48-hour period in a temperature range from 60° F to 80° F.  The cylinder lids shall provide a water-tight seal to the mold, so the fresh concrete is not exposed to water.  The bucket or other container shall be in a location free from vibration and not disturbed.

[bookmark: _Hlk194911662]Specimen Handling –  After initial curing, transport the cylinders from the field to the laboratory in the water-tight 5-gallon bucket with lid or other container protecting them from freezing and damage in transit.  Immediately after sample removal from the mold, label the specimen ID and make four indelible marks on the top (finish face) circular face of the specimen marking the 0, 90, 180 and 270 degree points of the circumference.  Extend the marks onto the longitudinal sides of each sample and mark the center of the sample as shown in Figure 1 to use as a reference during testing.

[image: ]

Figure 1. Specimen Marking

[bookmark: _Hlk194904861]Intermediate Curing for Cylinders – Immediately after demolding, labeling, and marking each specimen, completely submerge the specimen in a calcium hydroxide-saturated conditioning solution.  Maintain a constant temperature of 73.5 +/- 3.5° F and store the specimens for an additional period for a total cure time of 7 days from the date and time of paving.

Final Curing for Cylinders – After 7 days of intermediate curing, immerse the test specimens for 21 days in the calcium hydroxide-saturated conditioning solution at an elevated temperature of 100 +/- 3° F.

106.3.2.97.3  Field Sampling and Curing of Cores

Each sublot shall consist of one 4-inch diameter core that shall be extracted with sawn ends to a length of 8 inches in accordance with AASHTO T 24, except as described herein.

Initial Curing – The initial curing of the cores occurs within the pavement and shall be extracted within 3 to 7-days of paving and a minimum compressive strength of 2000 psi.  The initial curing time shall be documented.

Specimen Handling – Immediately after extraction, the core specimen shall be wiped off, labeled with an Identification, and then completely submerged in the calcium hydroxide-saturated conditioning solution using a 5-gallon bucket or other container at a temperature range from 60° to 80° F.  Transport the cores from the field to the laboratory in the water-tight 5-gallon bucket with lid or other container protecting them from freezing and damage in transit.

After transporting to the laboratory, the concrete cores shall be measured for thickness in accordance with AASHTO T 148, keeping the cores in a damp condition.  After thickness is measured, the ends of the concrete cores shall be sawn to an 8-inch length in accordance with AASHTO T 24.  Each specimen shall be marked as described in Figure 1 to prepare for resistivity testing.  After labeling and marking, the cores shall be stored in the calcium hydroxide-saturated conditioning solution at 73.5 +/- 3.5° F for any remaining time until 7-days after date and time of pour.

Final Curing for Cores – After a minimum of 7 days of internal pavement/intermediate curing, immerse the test cores for the remaining curing time for at total time of 28-days in the calcium hydroxide-saturated conditioning solution at an elevated temperature of 100 +/- 3° F.

106.3.2.97.4  Surface Resistivity Procedure.

1) [bookmark: _Hlk194917628]Transfer or lower the temperature of the calcium hydroxide-saturated conditioning solution to 73.5 +/- 3.5° F degrees F for a minimum of 2-hours prior to testing.
2) Fill shallow pan with approximately ½ inch (12.7 mm) of water.
3) If using a Proceq resipod resistivity meter, lightly press down the meter and its probes into the shallow pan of water to fill the reservoirs with water.  Press the resistivity meter onto the 12 kOhm-cm Proceq constant/control reading plate (Figure 2) to ensure accuracy of the meter’s readings.
4) Remove specimen from water or humidity room, blot off excess water with towel, and transfer specimen to specimen holder with the 0 degree mark on top.  Concrete specimen must be tested within 5 minutes of removing from cure tank and specimens shall be tested one at a time.
5) Place surface resistivity apparatus on longitudinal side of specimen making sure longitudinal center mark is equidistant between the two inner probes.  Firmly press the meter down against the specimen.
6) Take measurement of display unit when number becomes stable
7) Rotate specimen 90 to 90 degree mark, and repeat steps 4 and 5 above.
8) Rotate specimen 90 to 180 degree mark, and repeat steps 4 and 5.
9) Rotate specimen 90 to 270 degree mark, and repeat steps 4 and 5.
10) Repeat last four readings at 0, 90, 180, and 270 degree marks. Record all eight readings in data table.
11) Repeat steps 1 through 9 for the other two or more specimens in the set.

Figure 2 demonstrates the surface resistivity apparatus (Proceq resipod) taking a reading on a 4 by 8-inch concrete specimen that is placed in a non-conductive specimen holder. The Proceq control reading plate is displayed below the specimen holder.

[image: ]
[bookmark: _Hlk194916139]Figure 2. Surface Resistivity Testing

[bookmark: _Hlk194916124]106.3.2.97.5  Calculations

Record all readings in the table shown in Table 1. Calculate average resistivity for each specimen in the set. Calculate average resistivity of the entire set.  Multiply set average by 1.1 for cured specimens submerged in calcium hydroxide-saturated conditioning solution.

Table 1. Surface Resistivity Data Table
	Surface Resistivity (SR) Readings (Kohm-cm)

	Sample 
	0°
	90°
	180°
	270°
	0°
	90°
	1800°
	270°
	Average

	A
	
	
	
	
	
	
	
	
	

	B
	
	
	
	
	
	
	
	
	

	C
	
	
	
	
	
	
	
	
	

	D
	
	
	
	
	
	
	
	
	

	Set Average
	

	Curing Condition Correction (x 1.1 for submerged in conditioning solution tank)
	x 1.1

	Final Surface Resistivity
	



106.3.2.97.6  Report Form
An excel spreadsheet for calculating surface resistivity testing can be found on MoDOT’s “Forms for Contractor Use” page on MoDOT’s website - Forms for Contractor Use | Missouri Department of Transportation.


6.0  TM-98

106.3.2.98  TM-98, Making and Curing Concrete Test Specimens in the Field

[bookmark: _Hlk198131691]Scope.  This test method provides a revised curing process for field-fabricated cylinders and roadway-extracted cores to better represent longer‑term strength and surface resistivity, while still adhering to the 28‑day testing period.  The initial, intermediate and final curing process is also outlined in MoDOT TM-97, Surface Resistivity Indication of Concrete’s Ability to Resist Chloride Ion Penetration for Cylinders and Cores.

A calcium hydroxide-saturated conditioning solution (CHSCS) shall be used for the initial, intermediate and final curing process.  The CHSCS shall consist of the following chemicals and concentrations:

Per Liter OR Gallon of Water
7.60 grams/Liter OR 28.8 grams/Gallon NaOH (Sodium Hydroxide)
10.64 grams/Liter OR 40.3 grams/Gallon KOH (Potassium Hydroxide)
2.00 grams/Liter OR 7.6 grams/Gallon Ca(OH)2 (Calcium Hydroxide)

Note: For a sample of three 4-in. by 8-in. specimens, a standard 5-gallon bucket with approximately 3.5 gallons of solution would use 13,250 grams of water, 102.6 grams of NaOH, 143.9 grams of KOH, and 27.0 grams of Ca(OH)2 as recommended.

[bookmark: _Hlk198131878]106.3.2.98.1  Procedure for Fabricated Cylinders.  AASHTO R 100, Making and Curing Concrete Test Specimens in the Field shall be followed except as noted herein.

[bookmark: _Hlk201141909]Revise AASTHO R 100 as follows:

Revise Section 10.1.2 Initial Curing as follows

10.1.2  Initial Curing - Immediately after molding and finishing, the specimens shall be stored in a leak-proof container (i.e. bucket with water-tight lid) and completely submerged in CHSCS.  The specimen molds shall also have water-tight lids or be placed in a water-tight bag when submerged underwater.  The specimens shall be stored for a period up to 48 hours in a temperature from 16° to 27° C (60° to 80° F) completely submerged in CHSCS within the container.  The container(s) shall be moved to a storage location that is level to within 20 mm/m (1/4 in./ft.) and are free from vibration.  Follow the remaining initial curing procedure in accordance with AASHTO R 100, Section 10.1.2.

Add Section 10.1.2.1 Intermediate Curing for Cylinders.

10.1.2.1  Intermediate Curing for Cylinders - On completion of initial curing and within 30 minutes after removing the molds, clearly label the specimens with appropriate identification and then cure specimens in the CHSCS while always maintaining their surface at a temperature of 23 +/- 2° C (73.5 +/- 3.5° F) using water storage tanks or the buckets/containers in moist rooms complying with the requirements of Specification M 201.  Intermediate curing shall be done for a total cure time of 7-days from date of specimen fabrication.

Revise AASHTO R 100, Section 10.1.3 - Final Curing as follows:

10.1.3  Final Curing.

[bookmark: _Hlk201143413]10.1.3.1  Cylinders - After 7 days of intermediate curing, immerse the test specimens for 21 days in the CHSCS at an elevated temperature of 100 +/- 3° F using water storage tanks.  After final curing and before surface resistivity or compressive strength testing, the specimens shall be returned to 23 +/- 2° C (73.5 +/- 3.5° F) in the CHSCS using water storage tanks or moist rooms complying with the requirements of Specification M 201 for a minimum of 2 hours or when an acceptable test temperature is achieved.  When capping with sulfur mortar capping compounds, the ends of the cylinders shall be dry enough to preclude the formation of steam or foam pockets under or in the cap larger than 6 mm (1/4 in.) as described in T 231.  For a period not to exceed 3 hours immediately prior to test, standard curing temperature is not required, provided the CHSCS is maintained on the cylinders and ambient temperature is between 20° to 30° C (68° to 80° F).

106.3.2.98.2  Procedure for drilled cores.  The procedure for obtaining and testing drilled cores shall be in accordance with AASTHO T 24.  The curing process for drilled cores shall be followed.

Initial Curing – The initial curing of the cores occurs within the pavement and shall be extracted within 3 to 7-days of paving and a minimum compressive strength of 2000 psi.  The initial curing time shall be documented.

Specimen Handling – Immediately after extraction, the core specimen shall be wiped off, labeled with an Identification, and then completely submerged in the calcium hydroxide-saturated conditioning solution using a 5-gallon bucket or other container at a temperature range from 60° to 80° F.  Transport the cores from the field to the laboratory in the water-tight 5-gallon bucket with lid or other container protecting them from freezing and damage in transit.

After transporting to the laboratory, the concrete cores shall be measured for thickness in accordance with AASHTO T 148, keeping the cores in a damp condition.  After thickness, the ends of the concrete cores shall be sawn to an 8-inch length in accordance with AASHTO T 24.  Each specimen shall be marked as described in Figure 1 to prepare for resistivity testing.  After labeling and marking, the cores shall be stored in the calcium hydroxide-saturated conditioning solution at 73.5 +/- 3.5° F for any remaining time until 7-days after date and time of pour.

Final Curing for Cores – After a minimum of 7 days of internal pavement/intermediate curing, immerse the test cores for the remaining curing time for at total time of 28-days in the calcium hydroxide-saturated conditioning solution at an elevated temperature of 100 +/- 3° F.


7.0  TM-99

106.3.2.99  TM-99, Non-Destructive Thickness Verification Methods

Scope.  This test method provides the contractor non-destructive methods for measuring thickness of concrete pavements.  Two different methods for measuring thickness are the scanning equipment or pavement probing methods as described herein.

[bookmark: _Hlk198131615]106.3.2.99.1  Scanning Equipment Method

Provide the following equipment as approved by the engineer to perform scanning for pavement thickness determination:
1) MIT-SCAN-T3 device, and
2) A steel circular plate designated as ST RO 30 shall be used for measuring the thickness of concrete pavements. The ST RO 30 plates are 30 centimeters ± 0.1 millimeter diameter, 660 micrometer ± 10 micrometer thick, steel (ASTM A653, Standard Specification for Steel Sheet, Zinc-Coated (Galvanized) or Zinc-Iron Alloy-Coated (Galvannealed) by the Hot-Dip Process, Type 2 Commercial 1 Grade, G90) circular plate supplied by Kessler Soils Engineering Products, Inc. or approved equal.

	Designation
	Application Area
	Layer Type
	Minimum Surfacing Layer1
	Measurement Range

	AL RO 07
	Asphalt
	Surface Course
	0.6 in
	0.6 in – 4.7 in

	AL RO 12
	Asphalt
	Binder
	1.6 in
	0.6 in – 7.1 in

	AL RO 30
	Asphalt
	Base
	4.7 in
	1.6 in – 13.8 in

	ST RO 30
	Concrete
	Sub concrete
	4.7 in
	1.6 in – 13.8 in


1Minimum surfacing layer is the thickness of the material from reflector to the road surface on a completed road construction.

106.3.2.99.1.1  Basic MIT-SCAN-T3 Operation

Operate scanner based on the following:
1) Ensure fully charged battery before operating scanner.
2) Turn on scanner by simultaneously pressing the “        ” key on the D-pad and pulling the scanner search button trigger.  Navigate through the menu options via D-pad in the following figure.

· [image: ]Navigation - 	

· Select or Confirm - 	 

· Back/ Power off - 	Press        for 3 seconds





3) Main menu has 3 sub-menus as follows:
· [image: ]“Measure” – Perform Measurements

· “Data” – Review of saved measurement data

· “Settings” – Set basic device settings

4) After turning on the scanner, select the “Measure” sub-menu to start.
5) Select “Measure without input.”
6) Select the ST RO 30 reflector plate.
7) Start the search mode by squeezing the scanner search button trigger and perform short sweeping motions to find the center of the reflector plate based on the following diagram:

[image: ]
The higher the bar, the stronger the received signal, indicating when the scanner is on top of the reflector plate.




When the horizontal search bar is minimized, it indicates that the reflector plate is in line with the scanner.



8) There are 2 measuring methods as follows:
a) After locating the plate with the search function, with the search trigger held down, run scanner backwards approx. 1 foot and the device will automatically start the measuring process.  Continue forward at a slow and steady pace until the scanner produces an audible beep.
b) After locating the plate with the search function, release the search trigger and place the scanner approx. 1 foot behind the starting point and press the
“       ” key to start the measuring process.  Continue forward at a slow and steady pace until the scanner produces an audible beep.
9) After completing the measurement run, the traverse path curve appears on display.  In this graph the curve is scaled based on the display and the adaptation of the amplification.  The curve should show no irregularities.  Irregularities are an indicator of disturbances during measurement.
10) The calculated layer thickness is displayed in the selected unit.  The measured value equals the distance between reflector bottom and the contact surface of the probe.  Record the thickness measurement.

106.3.2.99.1.2  Scanning Verification Procedure

The MIT-SCAN-T3 thickness scanner shall be verified at the beginning of each day using the following procedure.
1) A platform(s) shall be constructed as shown in the Figure below to verify the accuracy of the gauge readings.  The platform heights shall be capable of being set at the heights of 6, 9, and 12 inches.
2) The steel target plate shall be centered in the platform using the platform height matching to the nearest plan pavement thickness.
3) The MIT-SCAN device shall be operated to locate the center of the target and the distance to the target shall be determined.  Record the reading.
4) Repeat Step 3 until three readings have been recorded and average the readings.
5) Verify that the average reading is within 0.1 inch of the designated platform height.
6) If verification of the device is not obtained, the scanning device shall not be used until the issue is resolved by contacting the manufacturer, and recalibrated until device passes verification procedure.
[image: ]

106.3.2.99.1.3  Scanning Procedure 

Perform scanning in accordance with the following:

1) Place the base plates at the randomly selected locations and anchor the plates to prevent movement during concrete placement.  Mark the locations of the base plates to ensure ease of locating the plates after the paver has passed.
2) Base plates should be positioned such that metal objects (e.g. reinforcement, dowel bar baskets) should not be within 4 feet of the base plate.  The base material should be level under the base plate.  Keep steel-toed shoes and other metal objects at least 2 feet from the gauge during testing.
3) By pressing the search button a continual readout mode for all sensors is activated.  The result is displayed as four vertical bars.  The length of the bars correlates to the distance of the respective sensor from the reflector.  The horizontal bar on the bottom of the screen indicates the horizontal location of the reflector plate relative to the scanner.  By performing a sweeping motion with the measuring probe the reflector can be located.  In the figures below the bar diagram on the display and the position of the reflector and the measuring probe are shown schematically.  When the device search function shows the strongest signal, mark the location.

[image: ]
4) Once located, remove all debris from the pavement surface where the wheels of the device will travel.
5) For proper scan measurement, all the MIT-SCAN wheels must be in contact with the concrete during the test.  Before starting the measurement, position the MIT-SCAN sensor head approximately 1 foot centrally in front of the base plate.  A measurement is performed by pressing the measurement button and passing the sensor head over the middle of the base plate at a steady speed.  The measurement run is approximately 4.5 to 6 feet.
6) Take 3 measurement runs varying the direction (approximately 45 degrees after each run) across the base plate.  Each scan measurement shall be recorded to the nearest 0.05-inch and no result at a single location shall differ by more than 0.15 inches from each other.  If the difference is larger than 0.15 inches, then discard the results and re-run test taking 3 more measurements.  If the second set of measurement does not meet the above limit, then discard the results, and thickness shall be determined by pavement coring.
7) Each scan measurement shall be recorded and averaged to the nearest 0.05-inch.

106.3.2.99.2  Probing Equipment Method

Provide the following equipment as approved by the engineer to perform probing for pavement thickness determination:
1) Probing rod meeting the following characteristics and requirements:
a) Non-flexing
b) Length capable of completely penetrating the pavement for measuring
c) Utilizes a circular or square top plate
d) Contains a centrally located hole in the top plate with a diameter allowing for easy maneuvering along the length of the probing rod
e) Fitted with a locking device fixing the angle between the top plate and the probing rod at 90 degrees when locked
2) Base plate meeting the following characteristics and requirements:
a) 30 centimeter ± 0.1 millimeter diameter, 660 micrometer ± 10 micrometer thick, steel (ASTM A653, Standard Specification for Steel Sheet, Zinc-Coated (Galvanized) or Zinc-Iron Alloy-Coated (Galvannealed) by the Hot-Dip Process, Type 2 Commercial 1 Grade, G90) circular plate supplied by Kessler Soils Engineering Products, Inc. or approved equal
b) Rigid when in place, allowing the probing rod to be pushed against it without flexing
3) Work Bridge meeting the following characteristics and requirements:
a) Spans the full width of the freshly laid concrete
b) Supports a person
c) Height above the concrete allows for the use of the probing device
4) Tape measure accurate to nearest 1/8 inch and with a length capable of measuring the depth of penetration of the probing device into the plastic concrete pavement

106.3.2.99.2.1  Probing Thickness Procedure 

Perform probing in accordance with the following:

1) Place the base plates at the randomly selected locations and anchor the plates to prevent movement during concrete placement.  Mark the locations of the base plates to ensure ease of locating the plates after the paver has passed.
2) Position the Bridge at the selected locations to reach and locate each point.
3) Assemble the probing device. Keeping the probing rod perpendicular to the pavement surface, insert the rod into the plastic concrete until the rod strikes the base plate.
4) Slide the top plate down the probing rod until it contacts the pavement surface then lock to the probing rod.
5) Withdraw the probing device.
6) Measure the length of the probing rod inserted into the plastic concrete from the underside of the top plate to the end of the probing rod. Record this measurement to the nearest 1/8 inch.

106.3.2.99.3  Individual Deficient Probe or Scan

If a final individual QC or QA probe or scan measurement shows a thickness deficiency 1/2 inch or greater from Plan thickness, take QC cores at the probed or scan locations to determine if the pavement is defective.  The engineer will use the QC core results in lieu of the QC MITSCAN or Probing results.
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