CONCRETE PAVEMENTS AND SHOULDERS:

	(10-16-07) (Rev 7-20-10)
	SP7 R20


Revise the 2006 Standard Specifications as follows:

Page 10-2, Subarticle 1000-3(A) Composition and Design, delete the Subarticle and substitute the following:
Submit concrete paving mix design in terms of saturated surface dry weights on M&T Form 312U for approval a minimum of 30 days prior to proposed use.  Use a mix that contains a minimum of 526 pounds of cement per cubic yard, a maximum water cement ratio of 0.559, an air content in the range of 4.5 to 5.5 percent, a maximum slump of 1.5" and a minimum flexural strength of 650 psi and a minimum compressive strength of 4,500 psi at 28 days.

The cement content of the mix design may be reduced by a maximum of 20% and replaced with fly ash at a minimum rate of 1.2 pounds of fly ash to each pound of cement replaced.  Use a maximum water-cementitious material ratio not to exceed 0.538.

The cement content of the mix design may be reduced by a maximum of 50% and replaced with blast furnace slag pound for pound.

Include in the mix design the source of aggregates, cement, fly ash, slag, and admixtures; the gradation and specific gravity of the aggregates; the fineness modulus (F.M.) of the fine aggregate; and the dry rodded unit weight and size of the coarse aggregate.  Submit test results showing that the mix design conforms to the criteria, including the 1, 3, 7, 14 and 28-day strengths of the average of two beams and the average of two cylinders for each age made and tested in accordance with AASHTO R39, T22 and T97.  Design the mix to produce an average strength sufficient to indicate that a minimum strength of 650 psi in flexure and 4,500 psi in compression will be achieved in the field within 28 days.

If any change is made to the mix design, submit a new mix design.

If any major change is made to the mix design, also submit new test results showing the mix design conforms to the criteria.  A major change to the mix design is defined as:
1) A source change in Coarse aggregate, Fine aggregate, Cement or Pozzolan (applies only to a change from one type of pozzolan to another; e.g., Class F fly ash to Class C fly ash).
2) A quantitative change in Coarse aggregate (applies to an increase or decrease greater than 5 %), Fine aggregate (applies to an increase or decrease greater than 5 %), Water (applies to an increase only), Cement (applies to a decrease only), Pozzolan (applies to a decrease only).

Where concrete with a higher slump for hand methods of placing and finishing is necessary, submit an adjusted mix design for approval to provide a maximum slump of 3" and to maintain the water-cementitious material ratio established by the original mix design.

Page 10-6, Table 1000-1, under column titled “Minimum compressive Strength at 28 days, psi”, in row titled “Pavement”, delete “560 flexural” and substitute “4,500”.
SECTION 700

GENERAL REQUIREMENT FOR PORTLAND CEMENT CONCRETE PAVING

Page 7-1, Article 700-3 CONCRETE HAULING EQUIPMENT, delete the fourth paragraph and substitute the following:

For concrete hauled in a transit mix (ready mix) truck, use Table 1000-2 to determine the maximum elapsed time.  For concrete hauled in other equipment, minimize the elapsed time to be 60 minutes or less, unless otherwise approved.  The elapsed time is defined as the period from first contact between mixing water and cement until the entire operation of placing and finishing up to micro-surfacing, including corrective measures if necessary, has been completed.

Page 7-2, Article 700-4 PREPARATION OF SUBGRADE AND BASE, fourth paragraph, delete the 3rd and 4th sentence and substitute the following:

Set pins at a distance no farther than 50 feet apart.  When located on a vertical curve, set pins no farther than 25 feet apart.

Page 7-3, Subarticle 700-5(A)(4), delete the 2nd and 3rd paragraph and substitute the following:

Where additional pavement, aggregate or soil must be placed adjacent to new pavement by machine methods, do not place it until the concrete has attained a compressive strength of at least 3000 psi.

Construction equipment or hauling equipment will not be allowed over the pavement until the concrete has attained a compressive strength of 3,000 psi.

Page 7-5, Article 700-7 FINISHING, insert the following as the second sentence:
The use of excessive water for finishing will not be allowed.
Page 7-5, Subarticle 700-8(C) Hot Weather, 1st sentence:
Substitute 90(F for 80(F.

Page 7-7, Subarticle 700-11(A) General, delete the fourth paragraph and substitute the following:

Immediately after sawing the joint to the dimensions shown on the plans, completely remove the resulting slurry from the joint.  Immediately reapply curing membrane following the sawing operation to damaged areas in the vicinity of the joint.

Page 7-8, insert the following as Subarticle 700-11(G):
(G)
Verification of Dowel Bar Alignment

Use either properly secured dowel baskets or a dowel bar inserter, provided the ability to correctly locate and align the dowels at the joints is demonstrated as described below.

Provide a calibrated magnetic imaging device that will document dowel bar location and alignment.  Calibrate the magnetic imaging device to the type and size dowel bar used in the work.  Utilize this device as a process control and make necessary adjustment to ensure the dowels are placed in the correct location.
Scan at least 25% percent of the joints in the initial placement or 1.0 mile of pavement, whichever is greater, at random intervals throughout the pavement each time the paving train is mobilized.  Mark scanned joints on the pavement.

Scan all joints in this initial placement if the dowel bars exhibit longitudinal translation (side shift), horizontal translation, vertical translation (depth), horizontal skew, or vertical tilt, above the allowable tolerances defined below.  In addition, continue scanning no less than 25% of the joints until it is established that the dowel bar inserter or secured dowel basket assemblies are consistently placing the dowel bars at the correct location (meeting the tolerances defined below).  Once the engineer determines that consistency is established, the contractor may reduce the percentage of scanned joints to no less than 10%.  Any time inconsistency in the placement of the dowel bars becomes evident, additional scanning may be required up to 100% of the joints.

If consistency of the proper dowel bar alignment cannot be established within a reasonable time frame, the Engineer will have the option of suspending the paving operation.

Provide a report of the scanned joints within 48 hours of completing the day’s production.  The report should include the station and lane of the joint scanned, as well as the horizontal location, depth, longitudinal translation (side shift), horizontal skew, and vertical tilt, of each dowel bar in the joint.  If a dowel bar inserter is used, the joint score described below should also be provided in the report.

Longitudinal translation (side shift) is defined as the position of the center of the dowel bar in relation to the sawed joint.  The maximum allowable longitudinal translation (side shift) is 2 inches.

Horizontal translation is defined as difference in the actual dowel bar location from its theoretical position as detailed in the standard details.  The maximum allowable horizontal translation is 2 inches.

Vertical translation (depth) is the difference in the actual dowel bar location from the theoretical midpoint of the slab.  The maximum allowable vertical translation is 1/2 inch higher than the theoretical midpoint, and 1 inch lower than the theoretical midpoint.

Dowel bar misalignment, either vertical tilt or horizontal skew is defined as the difference in position of the dowel bar ends with respect to each other.  Vertical tilt is measured in the vertical axis whereas horizontal skew is measured in the horizontal axis.
If a dowel bar inserter is used, determine a joint score for each joint scanned.  The joint score is a measure of the combined effects from the dowel’s horizontal skew or vertical tilt.  The joint score is determined by summing the product of the weight (shown in the table below) and the number of bars in each misalignment category and adding 1.  The vertical tilt and horizontal skew should be evaluated and the greater misalignment shall be utilized in determining the joint score.  If two lanes are poured simultaneously, the joint score is calculated for the 24 foot section.
	Misalignment Category, mm
	Weight

	0 ≤ d ≤  15
	0

	15< d ≤  20
	2

	20< d ≤  25
	4

	25 < d ≤  38
	5

	38 ≤  d
	10


where d is the individual dowel bar misalignment.

A joint that has a joint score of 10 or greater will be considered locked.

When a locked joint as defined above is discovered, scan the two joints immediately adjacent to the locked joint.  If either of the adjacent joints are deemed to be locked, provide a written proposal to address the dowel misalignment for each locked joint.  No corrective action should be performed without written approval.
Any and all corrective action necessitated by improper joint alignment shall be at no cost to the Department.
Page 7-9, Article 700-13 USE OF NEW PAVEMENT OR SHOULDER, delete the Article and substitute the following:

Traffic or other heavy equipment will not be allowed on the concrete pavement or shoulder until the estimated compressive strength of the concrete using the maturity method has exceeded 3,000 psi unless otherwise permitted.

Estimate the compressive strength of concrete pavement in accordance with the most current version of ASTM C 1074 Standard Practice for Estimating Concrete Strength by the Maturity Method unless otherwise specified herein.

Furnish thermocouples or thermistors and digital data logging maturity meters that automatically compute and display the maturity index in terms of a temperature-time factor.  The maturity meters must be capable of storing a minimum of 28 days worth of data and exporting data into an Excel spreadsheet.  Submit the proposed equipment to the Engineer for approval.

When establishing a strength-maturity relationship, perform compressive tests at ages 1, 3, 7, 14 and 28 days in accordance with AASHTO Test Method T22.
Use the temperature-time factor maturity function to compute the maturity index from the measured temperature history of the concrete.  Set the datum temperature at –10(C to calculate the temperature-time factor in Equation 1 of ASTM C 1074.

Establish and submit a strength-maturity relationship in conjunction with each concrete pavement mix design.  Determine the temperature-time factor corresponding to the strength-maturity relationship at 3,000 psi, TTF.  Any changes to plant operations, material sources, or mix proportions will affect the strength-maturity relationship.  If any changes occur during production, develop a new strength-maturity relationship unless otherwise directed.

Verify the strength-maturity relationship during the first day’s production.  Utilize the temperature-time factor developed at mix design TTF to verify the production strength-maturity relationship.  Verify the strength-maturity relationship at a minimum of every 10 calendar days or when production is suspended for more than 10 days.  If the verification sample’s compressive strength when tested at TTF is less than 3,000 psi, immediately suspend early opening of traffic on pavement that has not obtained TTF until a new strength-maturity relationship is developed.

No permanent traffic will be allowed on the pavement until construction of the joints, including all sawing, sealing, and curing that is required, has been completed.

Take particular care to protect the exposed pavement edges and ends.

Page 7-11, Subarticle 700-15(E) Flexural Strength, delete the Subarticle and replace with the following:

(E)
Compressive Strength

Determine the compressive strength of concrete using one set of two 6"' x 12" cylinders at 28 calendar days.  Test samples will be made by the Engineer from the concrete as it comes from the mixer.  The samples will be made and cured in accordance with AASHTO T 23.  Test specimens will be tested by the Engineer in accordance with AASHTO T 22.  Furnish curing facilities for the test samples in accordance with Section 725.
Page 7-11, Subarticle 700-15(F) Thickness, delete the first and second paragraphs and replace with the following:
The thickness of the pavement will be determined by measurement of cores in accordance with AASHTO T 148.
Take 4-inch diameter cores in the presence of the Engineer.  Take the cores when the concrete has attained a compressive strength of at least 3,000 psi and at least 72 hours have elapsed since placement of the pavement.  If the concrete has not attained a compressive strength of at least 3,000 psi, the gross vehicle weight rating of vehicles supporting the coring operation may not exceed 7,000 pounds.  Take cores no later than 30 days after the pavement has been placed.  The core locations for each lot will be selected at random by the Engineer.

Patch all core holes within 72 hours of taking the core, using a Department approved nonshrink grout compatible with the pavement or shoulder concrete.
SECTION 710

CONCRETE PAVEMENT

Page 7-12. Article 710-1 DESCRIPTION, 1st sentence:
Insert and cylinders after the words test beams.
Insert verifying dowel bar alignment; after the words sealing joints;.
Page 7-12. Article 710-3 COMPOSITION OF CONCRETE, after the first paragraph, insert the following:

Prior to placement, concrete produced by the plant must demonstrate that it is represented by the mix design submitted.  The Engineer will make compressive and flexural samples from plant produced mix for testing at 1, 3, 7, 14 and 28 days of age.  The strength results must be within 10% of the strengths reported by the Contractor during the mix design process.  If the plant produced mix meets this criteria at 14 days of age, the Engineer will notify the Contractor that placement of concrete may commence.  

If any major change as defined in section 1000-3 is made to the mix design, the process shall be initiated again.

Page 7-12. Article 710-4 ACCEPTANCE OF CONCRETE, delete the first sentence and replace with the following:

Test the concrete pavement for acceptance with respect to compressive strength and thickness on a lot by lot basis in accordance with the requirements of Article 700-15 and the following requirements:

For all concrete pavement, including mainline, shoulders, ramps, tapers, intersections, entrances, crossovers, and irregular areas not otherwise defined, produce a lot consisting of 1,333.3 square yards or fraction thereof placed within 28 calendar days.  From each lot, make a minimum of one set of two 6” x 12" cylinders from a randomly selected batch of concrete.  The average compression strength of the two cylinders is considered one test.  If Division of Highways personnel make and test additional sets of cylinders for a lot, these sets will be averaged with the original set to determine the strength.  In the case of low strength, the Engineer will perform an investigation.

Page 7-13, Article 710-6 FINISHING, insert the following at the end of the 6th paragraph.

Provide a textured surface with an average texture depth of 0.8 mm as tested in accordance with ASTM E 965 Test Method for Measuring Pavement Macrotexture Depth Using a Sand Volumetric Technique with no single test having a texture depth of 0.5 mm or less.  Perform four randomly located tests in accordance with ASTM E 965 within the initial pavement lot of each mobilization and provide test results to the Engineer.  A lot is defined in 
Article 710-4.  If the average of the four tests does not meet the above criteria, make appropriate changes to the surface texture operations and test the next lot as detailed above.  Once the surface texture process is established to meet minimum texture requirements, maintain consistency within the operation to provide the above minimum texture depth.  Perform additional sand patch tests in accordance with ASTM E 965 when directed.

Should the surface texture become damaged or reduced by rain or any other action, reestablish or restore surface texture by an approved method.

Page 7-15, Article 710-9 THICKNESS TOLERANCES, delete the 4th and 5th paragraph and substitute with the following:

When the measurement of the core from a lot is deficient by 0.2" or less from the plan thickness, full payment will be made.  When such measurement is deficient by more than 0.2" from the plan thickness, take 2 additional cores at random within the lot and calculate the average thickness of the lot from the 3 cores.  

In determining the average thickness of the pavement lot, the Engineer will use all 3 core measurements.  Individual core measurements which are greater than the plan thickness plus 0.2" will be considered as the plan thickness plus 0.2".  Individual cores which are less than the plan thickness minus 1.0" will be considered as the plan thickness minus 1.0 inch. If the average measurement of the 3 cores is within 0.2" from the plan thickness, full payment will be made.  If the average measurement of the 3 cores is deficient by more than 0.2" from the plan thickness, an adjusted unit price in accordance with Subarticle 710-10(B) will be paid for the lot represented.

Areas found deficient in thickness by more than 1.0" will be removed and replaced with concrete of the thickness shown on the plans.  Any full lane or full shoulder width repairs to the concrete pavement must be performed in accordance with the North Carolina Department of Transportation Partial and Full Depth Repair Manual and not be less than 1/2 of the panel length (7.5 feet).
When the measurement of any core (original core or additional cores taken to calculate the average) is less than the plan thickness by more than 1.0", the extent of the removal area due to thickness deficiency will be determined by taking additional exploratory cores at approximately 10 foot intervals parallel to the center line in each direction from the deficient core until an exploratory core is found in each direction which is within 1.0” of the plan thickness.  The pavement between these exploratory cores will be removed full lane width wide and replaced with concrete of the thickness shown on the plans.  Exploratory cores for deficient thickness will not be used in averages for adjusted unit price.

Patch all core holes within 72 hours of taking the core, using a Department approved nonshrink grout compatible with the pavement concrete.
Page 7-16, Subarticle 710-10(A) General, delete the second paragraph and substitute the following:

Separate measurement will be made of pavement that is deficient in thickness by more than 0.2" and of pavement that is deficient in compressive strength.
Page 7-17, Subarticle 710-10(C) Concrete Pavement Varying In Flexural Strength, delete the title, first paragraph and the equation for the pay factor calculation and substitute the following:

(C)
Concrete Pavement Varying in Compressive Strength

The pay factor for pavement achieving a compressive strength in 28 days of 4,500 psi or greater is 100%.  The pay factor for pavement achieving a compressive strength in 28 days between 3000 psi and 4,500 psi is determined by the following formula: 

Pay Factor (%) = 0.0333(PSI) - 50

(pay factor rounded to nearest tenth of one percent)
Page 7-17, Subarticle 710-10(C) Concrete Pavement Varying In Flexural Strength, delete the first sentence of the third paragraph and substitute the following:

Any pavement that fails to attain 3,000 psi in compression is subject to removal.

Page 7-19, Article 720-4 ACCEPTANCE OF CONCRETE, delete the first sentence and substitute the following:

Concrete shoulders will be tested for acceptance with respect to compressive strength and thickness on a lot by lot basis.

Page 7-19, Article 720-9 THICKNESS TOLERANCES, replace the first paragraph with the following:

The thickness of the shoulder will be determined by measurement of cores in accordance with AASHTO T 148.

Page 7-20, Subarticle 720-10(C) Concrete Shoulder Varying in Flexural Strength, delete the title and the first sentence of the second paragraph and substitute the following, respectively:
(C)
Concrete Pavement Varying in Compressive Strength

The quantities of concrete shoulder that fail to meet 4,500 psi, measured as provided in Article 710-10, will be paid for at an adjusted unit price per square yard completed in place and accepted.

SECTION 725

FIELD LABORATORY FOR PORTLAND CEMENT CONCRETE PAVEMENT

Page 7-21, Article 725-2, GENERAL REQUIREMENTS, replace with the following:

Furnish and maintain for the exclusive use of the Engineer a field office and laboratory in which to house and use all testing equipment needed.  Only Department representatives will have access to these facilities.  Provide a field office that is dust and water tight, floored, and has an adequate foundation so as to prevent excessive floor movement.  Provide a field office that contains 6 or more 110 volt electrical double outlets properly grounded and spaced; a telephone; at least 2 windows, satisfactory locks on all doors and windows; adequate lighting, heating, and air conditioning; sink; running water to sink; and satisfactory exhaust fan.  Provide a field office that meets the following approximate minimum requirements: 200 square feet of floor space; 10 feet interior width; 6 feet 6 inches interior height; 20 square feet of counter space, 2.5 to 3 feet high and 2 feet deep with cabinets or drawers below the counter top; and 6 square feet of desk space not enclosed with cabinets.  Locate the office in a position that will permit full view of the plant from the interior of the office.  At or near the office, furnish toilet facilities, with waste disposal, available for use of the Department personnel.  Maintain these toilets in a neat and clean condition.

Provide a laboratory trailer adjacent to the field office that is at least 400 square feet in area, approximately 20 feet wide, 20 feet long, and 7 feet in height.  Provide a laboratory trailer that contains 6 or more 110 volt electrical double outlets properly grounded and spaced; satisfactory locks on all doors and windows; adequate lighting, heating, and air conditioning; sink; running water to sink; and satisfactory exhaust fans.  Provide two workbenches that are approximately 10 feet long, 2 feet wide, and 2.5 feet high.  One workbench shall be installed inside the trailer and the other across the end of the trailer.  Provide a shelter or roof over the outside workbench to provide protection from weather.  Provide, in the laboratory, an adequate number of water storage tanks to hold all acceptance beams and cylinders and any additional beams and cylinders made for the purpose of determining early strengths.  Construct the water storage tanks of non-corroding materials and have requirements for automatic control of the water temperature.  Maintain the water in the tank at a temperature of 73°F ±3°F.  Equip each tank with a recording thermometer with its bulb located in the water.  Provide sufficient tank volume to maintain all beams and cylinders, stored with the long axis vertical, in a fully submerged condition for the duration of the required curing period.  Furnish a wooden mixing board at least 3/4 inch thick and approximately 4 feet wide and 4 feet long that is covered on one side with sheet metal of at least 22 gage, at the shelter.  Provide facilities to maintain the test beams and cylinders at temperature between 60°F and 80°F during initial curing.

