
This master should be used by designers working on Port of Portland construction projects and by designers working for PDX tenants (“Tenants”).  Usage notes highlight a few specific editing choices, however the entire section should be evaluated and edited to fit specific project needs.

SECTION 321300 - PORTLAND CEMENT CONCRETE PAVING
PART 1 -  GENERAL

1.1 DESCRIPTION
A. This section includes construction of portland cement concrete (PCC) paving.

1.2 RELATED WORK SPECIFIED ELSEWHERE

A. Section 031100, Concrete Formwork

B. Section 032000, Concrete Reinforcing
C. Section 033000, Cast-In-Place Concrete

D. Section 321613, Concrete Curbs and Driveways

1.3 REFERENCES

A. AASHTO:  American Association of State Highway Transportation Officials
1. AASHTO M153:  Standard Specification for Preformed Sponge Rubber and Cork Expansion Joint Fillers for Concrete Paving and Structural Construction
2. AASHTO M171:  Standard Specification for Sheet Materials for Curing Concrete
3. AASHTO M213:  Standard Specification for Preformed Expansion Joint Fillers for Concrete Paving and Structural Construction (Nonextruding and Resilient Bituminous Types)
4. AASHTO M254: Standard Specification for Corrosion-Resistant Coated Dowel Bars
5. AASHTO M282: Standard Specification for Joint Sealants, Hot-Poured, Elastomeric-Type, for Portland Cement Concrete Pavements
6. AASHTO M284:  Standard Specification for Epoxy-Coated Reinforcing Bars: Materials and Coating Requirements
7. AASHTO T22:  Standard Method of Test for Compressive Strength of Cylindrical Concrete Specimens (ASTM C39)
8. AASHTO T23:  Standard Method of Test for Making and Curing Concrete Test Specimens in the Field (ASTM C31)
9. AASHTO T24:  Standard Method of Test for Obtaining and Testing Drilled Cores and Sawed Beams of Concrete (ASTM C42)
10. AASHTO T148:  Standard Method of Test for Measuring Length of Drilled Concrete Cores (ASTM C174)
11. AASHTO T325:  Standard Method of Test for Estimating the Strength of Concrete in Transportation Construction by Maturity Tests
B. ASTM:  American Society for Testing and Materials
1. ASTM A615: Standard Specification for Deformed and Plain Carbon-Steel Bars for Concrete Reinforcement
2. ASTM A663:  Standard Specification for Steel Bars, Carbon, Merchant Quality, Mechanical Properties
3. ASTM A706:  Standard Specification for Low-Alloy Steel Deformed and Plain Bars for Concrete Reinforcement
4. ASTM A775:  Standard Specification for Epoxy-Coated Steel Reinforcing Bars
5. ASTM A996: Standard Specification for Rail-Steel and Axle-Steel Deformed Bars for Concrete Reinforcement

6. ASTM C31: Standard Practice for Making and Curing Concrete Test Specimens in the Field
7. ASTM C78: Standard Test Method for Flexural Strength of Concrete (Using Simple Beam with Third-Point Loading)
8. ASTM C94: Standard Specification for Ready-Mixed Concrete
9. ASTM C172: Standard Practice for Sampling Freshly Mixed Concrete
10. ASTM C309: Standard Specification for Liquid Membrane-Forming Compounds for Curing Concrete
11. ASTM D6690:  Standard Practice for Joint and Crack Sealants, Hot Applied, for Concrete and Asphalt Pavements
C. ODOT:  Oregon Department of Transportation

1. ODOT TM 770:  Manual of Field Test Procedures, Method of Test for Determining the Graphic Profile Index with a California Type Profilograph or an Interial Laser Profilometer
2. ODOT QPL:  Qualified Products List

1.4 ABBREVIATIONS

A. GPT: Graphic profile test

B. PCC:  Portland cement concrete
1.5 SUBMITTALS

A. Submit to the Port for testing and/or approval:

1. Certification of aggregate sources.

2. Samples of fine and coarse aggregate.

3. Certified test results of fine and course aggregate.

4. Certification of cement.

5. Mix design and testing.

6. Paving plan and all joints layout.

7. Joint filler.

8. Joint sealer.

9. Curing material.

10. Certification of epoxy coating.

11. Performance qualifications.

12. Graphic profile testing profiles and results.

PART 2 -  PRODUCTS

2.1 PORTLAND CEMENT CONCRETE

A. PCC shall be in accordance with Section 033000 for Class 4500‑1 1/2 concrete.

2.2 JOINT SEALER

A. The joint sealer for the joints in the concrete pavement shall meet the requirements of AASHTO M282.

B. Poured Joint Fillers: Furnish hot poured joint filler from the ODOT QPL and conforming to the requirements of ASTM D6690, Type II.
C. Preformed Expansion Joint Filler: Furnish preformed joint fillers for concrete from the ODOT QPL conforming to the requirements of AASHTO M153 or AASHTO M213. 
2.3 DEFORMED BAR REINFORCEMENT
A. Deformed bar reinforcement shall conform to the requirements of ASTM A706 or ASTM A615. Unless otherwise shown on the drawings, all reinforcing bars shall be Grade 60.
2.4 EPOXY COATED REINFORCEMENT

A. Epoxy coated reinforcement shall conform to the requirements of ASTM A775 and the following:

1. Coating Voids: Patch visible voids in the epoxy coating, regardless of cause

a. Inspect coated bars before placement for damage to coating. Patch all visual defects in the coating with a prequalified patching material according to AASHTO M284 before installation. Clean areas to be patched to remove all surface contaminants and damaged coating. Promptly treat cleaned areas according to the resin manufacturer's recommendations and before detrimental oxidation occurs. Where rust is present, remove it by blast cleaning or power tool cleaning methods immediately before applying the patching material. Clean and roughen the metal before applying patching material. Feather the patching material 2 inches to 3 inches, or as recommended by the manufacturer, into undamaged coated areas. Apply patching material to a thickness greater than 8 mils.

b. Clean visual damage found after placement as specified above. Coating damage exceeding 2 percent of the surface area in any lineal foot section of a bar may be cause for rejection of that bar.

2. Handling: All systems for handling coated bars shall have padded contact areas for the bars wherever possible. Pad all bundling bands and lift all bundles with strongbacks, multiple supports or platform bridges so as to prevent bar-to-bar abrasion from sags in the bar bundle.

3. Coated Reinforcement Ties and Supports: Ties for coated reinforcement shall be nonmetallic coated. Where coated bars are tied to uncoated bars, the ties shall be nonmetallic coated.
4. Prequalification, Sampling, and Testing:

a. Prequalify all epoxy coating and patching/repair material according to ASTM A775. Perform all testing by a qualified private testing laboratory. The Port will review all test data to determine whether the material meets the pre-qualification requirements.

b. At the time of epoxy coated reinforcing bar shipment, submit a written certification that the coated bars were cleaned, coated and tested according to ASTM A775 and according to the specifications herein, and that the coating material used on the project is the same as that pre-qualified.

5. Plant Certification: Epoxy coated reinforcement shall be produced in a Concrete Reinforcing Steel Institute (CRSI) Certified Epoxy Coating Plant.
2.5 DOWEL AND TIE BARS

A. Tie bars shall be epoxy coated deformed steel bars and conform to the requirements of ASTM A615 or ASTM A996, except that rail steel bars, Grade 50 or 60, shall not be used for tie bars that are to be bent or restraightened during construction.  Tie bars designated as Grade 40 in ASTM A615 can be used for construction requiring bent bars.

B. Dowel Bars:

1. Provide smooth, round, epoxy coated dowel bars.  Coat with plastic, grease, heavy oil, or other approved material that will neither bond with nor be harmful to the PCC.

2. Dowels shall conform to the requirements of ASTM A615 for Grades 40 and 60, or ASTM A663 for Grades 70, 75, and 80.
3. Epoxy coated reinforcement shall conform to the requirements herein.

2.6 COVER MATERIAL FOR CURING

A. Curing materials shall conform to the following specifications:

1. Liquid Compounds: 

a. Furnish liquid membrane-forming curing compounds from the ODOT QPL and meeting the requirements of ASTM C309.

b. All compounds shall be Class A. Solvent-based compounds shall be Type 1-D.
c. Before using liquid compounds, submit one quart samples of each lot for testing except samples are not required for commercial grade concrete applications unless the liquid compound is an ODOT conditionally approved product.

2. Polyethylene Films: Furnish clear or white polyethylene films for curing concrete meeting the requirements of AASHTO M171.

3. Curing Blankets: Furnish curing blankets from the ODOT QPL.

4. Liquid Evaporation Reducer Compounds - Furnish evaporation reducer compounds from the ODOT QPL.

2.7 BONDING AGENTS

A. Epoxy Bonding Agents: As listed in the ODOT QPL.
B. Non-Epoxy Bonding Agents: As listed in the ODOT QPL.
2.8 GROUTS

A. Epoxy Grout: As listed in the ODOT QPL.
B. Non-Epoxy Grout: As listed in the ODOT QPL.

PART 3 -  EXECUTION

Use only as needed for projects with a large volume of paving.

3.1 SLIP-FORM PAVING QUALIFICATIONS

A. Performance Qualifications:  The Contractor shall ensure that the PCC paving contractor responsible for performing PCC paving work has a satisfactory record of performance, as evidenced by successful completion of at least one slip-form concrete pavement project within the last 2 years with a minimum PCC thickness of 10 inches and a minimum placement of 10,000 square yards of concrete with dowel bars within a 6-month construction duration.

B. To qualify under this standard, the Contractor shall, upon request:

1. Indicate in writing the name of the project, its location, the PCC placement start and end dates, and the number of square yards of PCC placed; and

2. Provide contact information for the owner, general contractor, owner’s project manager, or other authority who can verify the satisfactory record of performance of the PCC paving contractor.
3.2 EQUIPMENT

A. Equipment and tools necessary for handling materials and performing all parts of the work shall be approved by the Port as to design, capacity, and mechanical condition.  The equipment shall be at the job site before the start of construction operations for examination and approval.

1. Batching Plant and Equipment:

a. General:  The batching plant shall include bins, weighing hoppers, and scales for the fine aggregate and coarse aggregate.  If bulk cement is used, a bin, hopper, and separate scale for cement shall be included.  The weighing hoppers shall be properly sealed and vented to preclude dusting during operation.

b. Bins and Hopper:  Provide bins with adequate separate compartments for fine aggregate and coarse aggregate in the batching plant.  Each compartment shall discharge efficiently and freely into the weighing hopper.  Provide means of control so that, as the quantity desired in the weighing hopper is approached, the material may be added slowly and shut off with precision.  Provide a port or other opening for removing an overload of any one of the several materials from the hopper.  Weighing hoppers shall be constructed to eliminate accumulations of materials and to discharge fully.

c. Scales:

1) The scales for weighing aggregates and cement shall be of either the beam or the springless dial type.  They shall be accurate within 0.5 percent throughout their range of use.  When beam‑type scales are used, provisions such as “telltale” dial shall be made for indicating to the operator that the required load in the weighing hopper is being approached.  A device on the weighing beams shall clearly indicate critical position.  Poises shall be designed to be locked in any position and to prevent unauthorized change.  The weight beam and “telltale” device shall be in full view of the operator while charging the hopper, and the operator shall have convenient access to all controls.

2) Inspect and seal scales as often as the Port may deem necessary to assure their continued accuracy.  Have on hand not less than ten 50‑pound weights for testing of all scales when directed by the Port.

2. Mixers:

a. General:  Concrete shall be mixed at a central plant, except truck mixers may mix and deliver concrete only to areas inaccessible to paving equipment.  Each mixer shall have attached in a prominent place a manufacturer’s nameplate showing the capacity of the drum in terms of volume of mixed concrete and the speed of rotation of the mixing drum or blades.

1) A device accurate within 3 percent and satisfactory to the Port shall be provided at the mixer for determining the amount of air‑entraining agent or other admixture to be added to each batch requiring such admixtures.

2) Examine mixers daily for the accumulation of hard concrete or mortar and the wear of blades.

b. Central Plant Mixer:

1) Mix in an approved mixer capable of combining the aggregates, cement, and water into a thoroughly mixed and uniform mass within the specified mixing period, and of discharging the mixture without segregation.  Equip central plant mixers with an acceptable timing device that will not permit the batch to be discharged until the specified mixing time has elapsed.  The water system for a central mixer shall be either a calibrated measuring tank or a meter and shall not necessarily be an integral part of the mixer.

2) Examine mixers daily for changes in condition due to accumulation of hard concrete or mortar or wear of blades.  Replace the pickup and throwover blades when they have worn down 3/4 inch or more.  Have a copy of the manufacturer’s design on hand showing dimensions and arrangement of blades in reference to original height and depth.

c. Truck Mixers and Truck Agitators:  Truck mixers used for mixing and hauling concrete and truck agitators used for handing central‑mixed concrete shall conform to the requirements of ASTM C94.

d. Nonagitator Trucks:  Nonagitating hauling equipment shall conform to the requirements of ASTM C94.

3. Finishing Equipment:

a. Finishing Machine:  Equip the finishing machine with one or more oscillating‑type transverse screeds.

b. Vibrators:

1) For side‑form construction, vibrators may be either the surface pan type for pavements less than 8 inches thick or the internal type with either immersed tube or multiple spuds, for the full width of the concrete slab.  They may be mounted on a separate carriage.  They shall not come in contact with the joint, load‑transfer devices, subgrade, or side forms.  The frequency of the surface vibrators shall not be less than 3,500 vibrations per minute, and the frequency of the internal type shall not be less than 7,000 vibrations per minute for spud vibrators.  When spud‑type internal vibrators are used adjacent to the side forms, they shall have a frequency of not less than 3,500 vibrations per minute.  Hand vibrators should be used to consolidate the concrete along forms and other isolated areas.

2) For slip‑form construction, the paver shall vibrate the concrete for the full width and depth of the strip of pavement being placed.  Vibration shall be accomplished by internal vibrators with a frequency range variable between 7,000 and 12,000 vibrations per minute.  The amplitude of vibration shall be between 0.025 and 0.06 inches.

3) The number, spacing, frequency, and eccentric weights shall be provided as necessary to achieve an acceptable concrete density and finishing quality.  Adequate power to operate all vibrators at the weight and frequency required for a satisfactory finish shall be available on the paver.  The internal vibrators may be supplemented by vibrating screeds operating on the surface of the concrete.  The frequency of surface vibrators shall be not less than 3,500 vibrations per minute.  Furnish a tachometer or other suitable device for measuring the frequency of the vibrators.  The vibrators and tamping elements shall be automatically controlled so that they shall be stopped as forward motion ceases.  Any override switches shall be of the spring‑ loaded, momentary contact type.

4. Concrete Saw:  When sawing of joints is specified, provide sawing equipment adequate in number of units and power to complete the sawing to the required dimensions and at the required rate.  Provide at least one standby saw in good working order.  An ample supply of saw blades shall be maintained at the site of the work at all times during sawing operations.  Provide adequate artificial lighting facilities for night sawing.  All of this equipment shall be on the job both before and at all times during concrete placement.

5. Forms:  Straight side forms shall be made of steel having a thickness of not less than 7/32 inch and shall be furnished in sections not less than 10 feet in length.  Forms shall have a depth equal to the prescribed edge thickness of the concrete without horizontal joint, and a base width equal to the depth of the forms.  Provide forms with adequate devices for secure settings so that when in place they will withstand, without visible spring or settlement, the impact and vibration of the consolidating and finishing equipment.  Flange braces shall extend outward on the base not less than two‑thirds the height of the form.  Forms with battered top surfaces and bent, twisted, or broken forms shall be removed from the work.  Do not use repaired forms until inspected and approved.  Do not use built‑up forms  except as approved by Port.  The top face of the form shall not vary from a true plane more than 1/8 inch in 10 feet, and the upstanding leg shall not vary more than 1/4 inch.  The forms shall contain provisions for locking the ends of abutting sections together tightly for secure setting.

6. Placer/Spreader: Provide a placer spreader that:

a. Receives the concrete mixture in its hopper on the shoulder area.

b. Delivers the concrete mixture to the slipform paver and uniformly spreads at the proper thickness for the full width of the area being paved.

c. Does not segregate the concrete mixture or displace the reinforcing steel.

7. Slip‑Form Pavers:  Fully energized, self‑propelled, and designed for the specific purpose of placing, consolidating, and finishing the concrete pavement, true to grade, tolerances, and cross section.  It shall be of sufficient weight and power to construct the maximum specified concrete paving lane width as shown in the drawings, at adequate forward speed, without transverse, longitudinal or vertical instability or without displacement.  The Paver shall be equipped with the following:
a. Electronic or hydraulic horizontal and vertical control devices to automatically control line and grade from both sides.

b. Ability to vibrate, consolidate and finish the slab to proper grade and cross section for the full width and depth of the concrete being placed.

c. Vibrating tubes or arms to work in the concrete.

d. Sliding forms held together rigidly to prevent them from spreading.

e. Sliding forms long enough so that slumping of the concrete does not exceed 1/4 inch at the edge.

f. A positive interlock system to stop all vibration and tamping elements when the forward motion of the machine is interrupted.
g. For projects that have more than 1,000 feet of concrete paving, an electronic monitoring device that:

1) Is near the operator’s controls visible to the paver operator and Port.

2) Operates continuously while paving.
3) Displays the operating frequency of each individual internal vibrator for both manual and automatic sequencing.

4) Records the time of day, station location, paver track speed and the operating frequencies.

8. Stationary Side Form Pavers: If a paving machine riding on stationary side forms is used:

a. The machine used for initial strike-off and consolidation of PCC shall be self-propelled, screening type and shall ride on and be guided by steel side forms or the edge of contiguous PCC pavement. The machine shall be designed and operated to strike-off, consolidate and compact the PCC to prescribed line, grade and cross section. Make provision to prevent chipping or marring previously placed PCC.

b. Floating and finishing machines shall be self-propelled and shall ride on and be guided by steel side forms or the edge of contiguous PCC pavement. Provide floating action to the PCC surface by means of screeds, floats, rollers or combinations of them. Screed type machines shall have at least two oscillating type transverse screeds. The machines shall have sufficient wheel base length, weight, float surface and adjustments to true up the PCC surface to accurate cross section and grade without dragging, marking or defacing the surface.
B. Surface and Smoothness Testing Equipment: Provide all equipment and supplies for determining smoothness.

1. Straightedge: Provide two 16 foot straightedges

2. Profilograph: 

a. When required, provide a California type profilograph, computerized or not computerized, complete with recorder for determining the profile index of the pavement according to ODOT TM 770.

b. Have the profilograph on the project, calibrated, in good working condition and ready for operation before construction of any concrete pavement begins. Provide a competent operator experienced in the operation of the equipment.

3. Profilometer: 

a. Provide a profiling device that employs an accelerometer established inertial profiling reference and a laser height sensing instrument to produce a true profile of the pavement surface. The device shall be capable of reporting elevations with a resolution of 0.004 inch or finer at an interval of 6 inches or less. The unit shall also be able to generate the equivalent California-type profilograph plot and values according to ODOT TM 770 as well as the locations and heights of bumps and dips as required in this specification. The profilometer shall be calibrated, in good working condition, and ready for operation prior to performing smoothness measurements.

b. Provide competent and experienced operator(s) for the equipment. The profilometer operator shall meet with the Port at a mutually agreed upon time prior to beginning surface measurements to discuss all aspects of smoothness measurement and testing on the project.

3.3 FORM SETTING

A. Sufficiently set forms in advance of the concrete placement to ensure continuous paving operation.  After the forms have been set to correct grade, the grade shall be thoroughly tamped, either mechanically or by hand, at both the inside and outside edges of the base of the forms.  Stake forms into place with not less than 3 pins for each 10‑foot section.  Place a pin at each side of every joint.

B. Form sections shall be tightly locked and free from play or movement in any direction.  The forms shall not deviate from true line by more than 1/4 inch at any joint.  Forms shall be so set that they will withstand, without visible spring or settlement, the impact and vibration of the consolidating and finishing equipment.  Clean and oil forms prior to the placing of concrete.

C. The alignment and grade elevations of the forms shall be checked and corrections made by the Contractor immediately before placing the concrete.  When any form has been disturbed or any grade has become unstable, the form shall be reset and rechecked.

3.4 PREPARATION OF BASE

A. Before paving operations begin, bring the base to the finished condition required by the Specifications. If the equipment requires additional width for support, provide the support necessary to assure the equipment maintains proper grade and cross section.

B. The base shall be moist before the concrete is placed.  When the base is a treated base, the surface shall be clean and free of all loose material.  Place concrete on existing and new treated base only when the surface temperature is less than 90°F.  If water is used for cooling, remove all excess water standing in pools or flowing on the surface before placing concrete.

C. Manholes, inlets, and other such structures shall be completed, adjusted, cured, and otherwise prepared, as applicable. Make ready to have concrete placed in contact with them. Prepare manhole frames and other independent metal structures in the pavement area with an approved bond-preventing agent.
3.5 CONDITIONING OF UNDERLYING COURSE, SLIP‑FORM CONSTRUCTION

A. The compacted base on which the pavement will be placed shall be widened approximately 3 feet to extend beyond the paving machine track to support the paver without any noticeable displacement.  After the base has been placed and compacted to the required density, the areas which will support the paving machine and the area to be paved shall be trimmed to the proper elevation and profile by means of a properly designed machine.  The grade of the base on which the concrete pavement is to be placed shall be controlled automatically by steel guide wires erected and maintained by the Contractor.  If the density of the base is disturbed by the trimming operations, it shall be corrected by additional compaction before the concrete is placed except when stabilized subbases are being constructed.  If damage occurs on a stabilized subbase, it shall be corrected full depth by the Contractor or the damaged areas filled with concrete integral with the pavement.  The grading operations should be delayed as long as possible and immediately precede paving insofar as practical, particularly if the base course is subjected to haul traffic.  If traffic is allowed to use the prepared grade, check the grade and correct immediately before the placement of concrete.  The prepared grade shall be well moistened with water, without saturating, immediately ahead of concrete placement to prevent rapid loss of moisture from concrete.  In cold weather, the underlying base shall be protected so that it will be entirely free of frost when concrete is placed.

3.6 CONDITIONING OF UNDERLYING COURSE, SIDE‑FORM CONSTRUCTION

A. The prepared grade shall be well moistened with water, without saturating, immediately ahead of concrete placement to prevent rapid loss of moisture from the concrete.  Ruts or depressions in the subgrade or subbase caused by hauling or usage of other equipment shall be filled as they develop with suitable material (not with concrete or concrete aggregates) and thoroughly compacted by rolling.  If damage occurs to a stabilized subbase, it shall be corrected full depth by the Contractor, or the damaged areas filled with concrete integral with the pavement.  A multiple‑pin template weighing not less than 1,000 pounds per 20 feet or other approved template shall be provided and operated on the forms immediately in advance of the placing of the concrete.  The template shall be propelled only by hand and not attached to a tractor or other power unit.  Templates shall be adjustable so that they may be set and maintained at the correct contour of the underlying course.  The adjustment and operation of the template shall be such as will provide an accurate retest of the grade before placing the concrete thereon.  Remove all excess material.  Low areas may be filled and compacted to a condition similar to that of the surrounding grade, or filled with concrete integral with the pavement.  In cold weather, the underlying subbase shall be protected so that it will be entirely free from frost when the concrete is placed.  The use of chemicals to eliminate frost in the underlying material will not be permitted.  Maintain the template in accurate adjustment, at all times by the Contractor, and should be checked daily.  The work described under the foregoing paragraphs does not constitute a regular subgrading operation, but rather a final accurate check of the underlying course.

3.7 CONSTRUCTION WIDTHS

A. When the pavement consists of two or more traffic lanes, construct at least two traffic lanes in one strip panel unless shown otherwise on the plans.

B. If the Contractor proposes a method of placement other than that shown or specified, the Contractor shall pay all costs to implement the change. Any changes require the Port's approval.
3.8 PLACING DOWEL BARS AND TIE BARS

A. Dowel Bars: 

1. Provide smooth, round, epoxy coated dowel bars.  Coat with plastic, grease, heavy oil, or other approved material that will neither bond with nor be harmful to the PCC.  Use a framework to place dowels that is continuous across the entire lane width, holds the dowels parallel with each other, holds the dowels parallel with the surface of the pavement, and holds the dowels parallel to the roadway centerline.  For dowels placed across an expansion joint, use a dowel bar basket or other system of support that leaves no permanent incompressible members in place within the joint.  Maximum alignment tolerance shall be 5 degrees or 3/16 inch in the length of the dowel.  Place dowels within 3/8 inch of the center of the slab vertically.

2. Place dowel bars for joint contact at existing concrete pavement surfaces by drilling the existing concrete section and then inserting the dowel bars and grouting them in place.  Drill the holes large and deep enough to insert the dowel bars with adequate epoxy or nonepoxy grout.  Adjust hole locations to avoid damaging any existing reinforcement when drilling the holes.  Blow the dowel bar holes clean with compressed air before grouting.  Center the bar in the hole for the full length of embedment before grouting.  Pump the grout into the hole around the bar so the back of the hole will be filled first.  Do not allow blocking or shimming to impede the flow of the grout into the hole.  If dams are needed, place them at the front of the holes to confine the grout.  Place the dams to permit the escape of air without leaking grout.  Do not remove dams until grout has cured in the hole.

B. Tie Bars: Provide epoxy coated tie bars and place them for contact type longitudinal joints by one of the following methods:
1. By drilling the hardened concrete section and then inserting and grouting the tie bars into place.  Drill the holes large and deep enough to insert the tie bars with adequate epoxy or nonepoxy grout.  Take care not to damage the reinforcement when drilling the holes.  Drill after the concrete attains enough strength so no damage to the concrete is caused by the drilling.  Replace loose tie bars at no additional cost to the Port.

2. By inserting the tie bars into the plastic slipformed concrete before vibrating and finishing the concrete.  The tie bars may be bent before insertion.  Replace any loose tie bars by drilling and grouting, as described above, at no additional cost to the Port.

3. By using threaded mechanical splice couplers from the ODOT QPL, or approved equal.  Submit splices for approval before using.  Rebar splices shall be:

a. Accompanied by manufacturer’s quality compliance certificate.

b. Installed according to manufacturer’s recommendations.

3.9 HANDLING, MEASURING, AND BATCHING MATERIAL

A. The batch plant site, layout, equipment, and provisions for transporting material shall assure a continuous supply of material to the work site.  Stockpiles shall be built up in layers of not more than 3 feet (1 m) in thickness.  Each layer shall be completely in place before beginning the next layer and shall not be allowed to “cone” down over the next lower layer.  do not stockpile aggregates from different grading together.  Improperly placed stockpiles will not be accepted.

B. Aggregates shall be handled from stockpiles or other sources to the batching plant in such manner to secure the specified grading of the material. Stockpile and remove the aggregate from stockpiles in a manner that holds segregation to a minimum. Do not use aggregates that have become segregated or mixed with earth or foreign material, or contain lumps of hardened material.  All aggregates produced or handled by hydraulic methods, and washed aggregates, shall be stockpiled or binned for draining at least 12 hours before being batched.  Thaw frozen aggregates or aggregates containing frozen lumps before use. Rail shipments requiring more than 12 hours will be accepted as adequate binning only if the car bodies permit free drainage.  Separately weigh the fine aggregate and coarse aggregate into hoppers in the respective amounts set by the Port in the job mix.  Cement shall be measured by weight.  Separate scales and hopper, with a device to positively indicate the complete discharge of the batch of cement into the batch box or container, shall be used for weighing the cement.

C. When required or when permitted, batching plants shall be equipped to proportion aggregates and bulk cement, by weight, automatically using interlocked proportioning devices of an approved type.  When bulk cement is used, use a suitable method of handling the cement from weighing hopper to transporting container or into the batch itself for transportation to the mixer, such as a chute, boot, or other approved device, to prevent loss of cement.  The device shall be arranged to provide positive assurance of the actual presence in each batch of the entire cement content specified.

D. When cement is placed in contact with the aggregates, batches may be rejected unless mixed within 1 1/2 hours of such contact.  Batching shall be conducted so that the results in the weights of each material required will be within a tolerance of 1 percent for cement and 2 percent for aggregates.

E. Water may be measured either by volume or by weight.  The accuracy of measuring the water shall be within plus or minus 1 percent of required amounts.  Unless the water is to be weighed, the water‑measuring equipment shall include an auxiliary tank from which the measuring tank shall be filled.  The measuring tank shall be equipped with an outside tap and valve to provide for checking the setting, unless other means are provided for readily and accurately determining the amount of water in the tank.  The volume of the auxiliary tank shall be at least equal to that of the measuring tank.

F. Methods and equipment for adding air‑entraining agent or other admixtures to the batch, when required, shall be approved by the Port.  All admixtures shall be measured into the mixer with an accuracy of plus or minus 3 percent.

3.10 FIELD TEST SPECIMENS

A. The Port will sample the concrete mix, make test specimens, conduct flexural strength tests, and furnish test results.  Any other testing required shall be by Contractor.  The specimens shall be taken in the field to determine the consistency, air content, and strength of the concrete.  Flexural test beams shall be made each day that the concrete is placed.  Each group of test beams shall be molded from the same batch of concrete and shall consist of a sufficient number of specimens to provide two flexural strength tests at each test age.  One group of specimens will be made during the first half of each shift, and the other during the last portion of the shift.  The specimens shall be made in accordance with ASTM C31.  However, at the start of paving operations and when the aggregate source, aggregate characteristics, or mix design is changed, additional groups of test beams may be required until the Port is satisfied that the concrete mixture being used complies with the strength requirements of these specifications.  Test ages will be 7 days and 28 days.

B. The flexural strength of the concrete shall meet the following requirements:

1. The average of any 4 consecutive strength tests, tested at the end of 28 days, shall have an average flexural strength equal to or greater than the specified flexural strength.

2. Not more than 20 percent of the beams tested at the end of 28 days shall have a flexural strength less than the specified strength.  Specimens which are obviously defective shall not be considered in the determination of the strength.  When it appears that the test specimens will fail to conform to the requirements for strength, the Port will have the right to order changes in the concrete sufficient to increase the strength to meet these requirements.

C. When a satisfactory relationship between 7‑day and 28‑day strengths has been established and approved, the 7‑day test results may be used as an indication of the 28‑day strengths.  However, the 7‑day test results will not replace the results of the 28‑day tests if the 28‑day results fall below the requirement.  The concrete shall be sampled in accordance with ASTM C172.  Flexural strengths specimens shall be made in accordance with ASTM C31 and tested in accordance with ASTM C78.

D. The concrete will be accepted without adjustment in payment if the average 28‑day flexural strength, based on four acceptance tests is greater than or equal to the acceptance limit shown under the 1.00 pay factor in the table in this note.  If the average strength does not meet this limit, the Contractor may elect to leave the concrete in place at a reduced unit price determined in accordance with the table.  If the average 28‑day flexural strength of the days pour fails to attain the lower acceptance limit shown for a 0.70 pay factor, the Port may order the removal of all the concrete in the day’s pour.  The pay factor for concrete which is allowed to remain in place when the pay factor is outside the 0.70 limit will be 0.50.

PAY FACTOR SCHEDULE FOR FLEXURAL STRENGTH AT 28 DAYS

	PAY FACTOR
	ACCEPTED LIMITS
Average Flexural Strength (4 Tests)

	1.00
	Greater than M +0.120 R

	0.95
	M to M +0.115 R

	0.85
	M -0.090 R to M -0.005 R

	0.75
	M -0.170 R to M -0.095 R



Where:
M =
Modulus of Rupture (specified 28-day flexural
strength



R =
The range for a sample of Size N=4; the difference
between the largest and smallest test.

3.11 MIXING CONCRETE

A. The concrete may be mixed at the work site, in a central mix plant or in truck mixers. Mix the concrete in a batch plant mixer, except truck mixers may mix and deliver concrete only to areas inaccessible to paving equipment. The mixer shall be of an approved type and capacity.  Mixing time shall be measured from the time all materials, except water, are emptied into the drum.  Ready‑mixed concrete shall be mixed and delivered in accordance with the requirements of ASTM C94, except that the minimum required revolutions of the mixing speed for transit mixed concrete may be reduced to not less than that recommended by the mixer manufacturer.  The number of revolutions recommended by the mixer manufacturer shall be indicated on the manufacturer’s serial plate attached to the mixer.  Furnish test data acceptable to the Port verifying that the make and model of the mixer will produce uniform concrete conforming to the provisions of ASTM C94 at the reduced number of revolutions shown on the serial plate.

B. When mixed at the work site or in a central mixing plant, the mixing time shall not be less than 50 seconds nor more than 90 seconds.  Mixing time ends when the discharge chute opens.  Transfer time in multiple drum mixers is included in mixing time.  The contents of an individual mixer drum shall be removed before a succeeding batch is emptied therein.

C. The mixer shall be operated at the drum speed as shown on the manufacturer’s nameplate on the approved mixer.  Any concrete mixed less than the specified time shall be discarded at the Contractor’s expense.  The volume of concrete mixed per batch shall not exceed the mixer’s nominal capacity in cubic feet (cubic meters), as shown on the manufacturer’s standard rating plate on the mixer.  An overload up to 10 percent above the mixer’s nominal capacity may be permitted provided concrete test data for segregation and uniform consistency are satisfactory, and provided no spillage of concrete takes place.  The batch shall be charged into the drum so that a portion of the mixing water shall enter in advance of the cement and aggregates.  The flow of water shall be uniform, and all water shall be in the drum by the end of the first 15 seconds of the mixing period.  Keep the throat of the drum free of such accumulations as may restrict the free flow of materials into the drum.

D. Mixed concrete from the central mixing plant shall be transported in truck mixers, truck agitators, or nonagitating trucks.  The time elapsing from the time water is added to the mix until the concrete is deposited in place at the work site shall not exceed 30 minutes when the concrete is hauled in nonagitating trucks, nor 60 minutes when the concrete is hauled in truck mixers or truck agitators.  Retempering concrete by adding water or by other means will not be permitted, except when concrete is delivered in transit mixers.  With transit mixers, additional water may be added to the batch materials and additional mixing performed to increase the slump to meet the specified requirements, if permitted by the Port.  All these operations shall be performed within 45 minutes after the initial mixing operations and the water‑cement ratio must not be exceeded.  Admixtures for increasing the workability or for accelerating the set will be permitted only when specified for in the contract.

3.12 LIMITATIONS OF MIXING

A. No concrete shall be mixed, placed, or finished when the natural light is insufficient, unless an adequate and approved artificial lighting system is operated.

B. Unless authorized in writing by the Port, mixing and concreting operations shall be discontinued when a descending air temperature in the shade and away from artificial heat reaches 40ºF and shall not be resumed until an ascending air temperature in the shade and away from artificial heat reaches 35ºF. 
C. Do not place concrete during periods of rain. 

D. When concreting is authorized during cold weather, the aggregates may be heated by either steam or dry heat prior to being placed in the mixer.  The apparatus used shall heat the mass uniformly and shall be arranged to preclude the possible occurrence of overheated areas which might be detrimental to the materials.  Unless otherwise authorized, the temperature of the mixed concrete shall not be less than 50ºF at the time of placement in the forms.

E. If the air temperature is 35ºF or less at the time of placing concrete, the Port may require the water and/or the aggregates to be heated to not less than 70ºF nor more than 150ºF.  Do not place concrete on frozen subgrade and do not use frozen aggregate in the concrete.

F. During periods of warm weather when the maximum daily air temperature exceeds 85ºF, the following precautions should be taken.  The forms and/or the underlying material shall be sprinkled with water immediately before placing the concrete.  The aggregates and/or mixing water shall be cooled as necessary to maintain the concrete temperature at or not more than the specified maximum.

G. Protect the pavement from weather damage. Protect unhardened concrete from precipitation with protective material. When concrete is being placed during cold weather, and the air temperature drops below 33°F or is forecast to drop below 33°F, protect and prevent the concrete from freezing for a minimum of seven days after placing.

H. Remove and replace weather damaged pavement at no additional cost to the Port.

3.13 PLACING CONCRETE

A. Method: 

1. Place the concrete pavement with the slip-form method. 

2. Concrete pavement may be constructed by the side-form method only:

a. In areas of continuous concrete pavement less than 1,000 square yards.

b. In areas that are inaccessible to slip-form paving equipment.

c. In areas of irregular geometry.

d. In short sections of pavement which are necessary to facilitate traffic movement.

B. Delivery to Spreader:  Deliver the concrete from the hauling vehicles to the placer/spreader hopper on the shoulder area. Do not permit equipment hauling concrete on the subgrade or on the base, except for a minimum number of approved right angle or near right angle crossings. Correct damage to the subgrade or base due to the Contractor's operations, to the satisfaction of the Port, at no additional cost to the Port. Keep the surface of the subgrade or base moist in front of the paving operation.

C. Slip‑Form Method:

1. One Lift: Place the concrete in final position by the slip-form method in one lift, so a minimum of finishing will be necessary to provide a dense, homogenous pavement conforming to true grade and cross section.

2. For the slip‑form method, place the concrete with an approved slip-form paver designed to spread, consolidate, screed, and float-finish the plastic concrete in one complete pass of the machine so that a minimum of hand finishing will be necessary to provide a dense and homogeneous pavement in conformance with requirements of the drawings and specifications.  Use hand screeding and float finishing only on small irregular areas.

3. Consolidate the plastic concrete by internal vibration with transverse vibrating units located within the specified thickness of pavement sections for the full width of pavement.  A series of equally spaced longitudinal vibrating units may be used to supplement or replace the transverse vibrating units.

4. Maintain the frequency of vibration of each vibrating unit above 7,500 cycles per minute.  Maintain the frequency or amplitude of vibration to consolidate the plastic concrete along the entire length of the vibrating unit and for a distance of at least 1 foot.  Vary the frequency or vibration of amplitude proportionately with the rate of travel to result in a uniform density and air content.

5. Horizontally space vibrators according to the manufacturer’s recommendations or not more than 18 inches, center-to-center, whichever is less.  Do not exceed a 9 inch space from the outer edge of the pavement to the outside vibrator.
6. The concrete should be placed directly on top of the joint assemblies to prevent them from moving when the paver moves over them.  Side forms and finishing screeds shall be adjustable to the extent required to produce the specified pavement edge and surface tolerance.  
7. Coordinate all operations of mixing, delivering and spreading concrete to provide uniform progress. Operate the slip-form paver with as nearly continuous forward movement as possible. Hold stopping and starting the paver to an absolute minimum. If, for any reason, it is necessary to stop the forward motion of the paver, immediately stop the vibratory and tamping elements. Apply no external force to the paver.

8. Final finishing shall be accomplished while the concrete is still in the plastic state.

9. It is the intent of the specification to produce a high quality, dense, long lasting, and smooth pavement suitable for the operations of roughness‑sensitive heavy jet aircraft or passenger buses.  This requires that all joints, and particularly all longitudinal joints, meet the specified tolerance throughout their length.  The Port will designate the paving lanes to be used for the initial paving operations.  In the event that slumping or sloughing occurs behind the paver or if there are any other structural or surface defects which, in the opinion of the Port, cannot be corrected within permissible tolerances, the Port may halt paving operations until proper adjustment of the equipment or procedures have been made.  In the event that satisfactory procedures and pavement are not achieved after not more than 2,000 lineal feet of single lane paving, complete the balance of the work with the use of standard metal forms and the formed method of placing and curing.

D. Side‑Form Method:

1. Place the PCC between stationary side forms by means that will prevent segregation of constituents of the PCC, displacement or deformation of the forms or base, forming of piles, and unequal consolidation.

2. For the side‑form method, the concrete shall be deposited on the moistened grade to require as little rehandling as possible.   Spread and distribute the PCC with a mechanical concrete spreader which will fill all corners and spaces with PCC and leave it at such height that after consolidation and finishing it will be at specified grade and cross section. Spread and vibrate the PCC against and along the forms, and in the vicinity of joints comprising load transfer devices, with care to avoid displacement of the forms or devices. Placing shall be continuous between transverse joints without the use of intermediate bulkheads.  
3. Use shovels or muckrakes, not rakes, for hand spreading and distributing. Do not foul the PCC with foreign matter. Workers shall not be allowed to walk in the freshly mixed concrete with boots or shoes coated with earth or foreign substances.

4. When concrete is to be placed adjoining a previously constructed lane of pavement and when mechanical equipment will be operated upon the existing lane of pavement, the concrete shall be at least 7 days old and at a flexural strength approved by the Port.  If only finishing equipment is carried on the existing lane, paving in adjoining lanes may be permitted after 3 days, if approved by the Port.

5. After being placed, strike-off, vibrate and consolidate the PCC with equipment conforming to the requirements specified in this Section. If more than one machine is required to properly handle production, the vibrating of PCC shall normally precede or accompany the first or leading machine only. Concrete shall be thoroughly consolidated against and along the faces of all forms and along the full length and on both sides of all joint assemblies by means of vibrators inserted in the concrete.  Vibrators shall not come in contact with a joint assembly, the grade, or a side form.  In no case shall the vibrator be operated longer than 15 seconds in any one location, nor shall the vibrators be used to move the concrete.

6. Concrete shall be deposited as near to expansion and contraction joints as possible without disturbing them but shall not be dumped from the discharge bucket or hopper onto a joint assembly unless the hopper is well centered on the joint assembly.

7. Perform all strike-off, vibration, and consolidation operations within 15 minutes after the PCC is placed. The operations shall be continuous until the surface has been worked the equivalent of not less than two passes of a single screed machine. In each pass of the machine, maintain a roll of PCC ahead of the screed for the entire width of pavement being placed. The strike-off, vibrating and consolidating shall leave a surface of uniform texture, true to grade and cross section.

8. Should any concrete materials fall on or be worked into the surface of a completed slab, they shall be removed immediately by approved methods.

9. Equipment shall be in good mechanical condition at all times and be adjusted for wear at the direction of the Port. Keep forms and other controls of line and grade clean and true to line and grade.

E. Provision for Joints and Other Devices: While placing concrete, make provision for constructing joints, placing dowels, tie bars, and other devices as shown and directed, and as provided in these specifications.

F. Reject Concrete Material:  Reject concrete if it:

1. Is not in place within one hour after being mixed (90 minutes when delivered in ready mix truck).

2. Has begun to take an initial set before placement.

3. Has been retempered with water.

G. Protect Surface:  
1. Equip supports of the slip-form paver, and other equipment which ride on previously placed pavement. Protect the concrete as required and specified to prevent marring, edge breaking, or chipping of the previously placed pavement. 

2. When concrete is placed adjacent to an existing pavement, equip that part of the equipment which is supported on the existing pavement with protective pads on crawler tracks or use rubber-tired wheels.  Offset the track or wheels to run a sufficient distance from the edge of the pavement to avoid breaking the pavement edge.
H. Hand Operated Equipment: Use shovels and muckrakes, not rakes, for hand spreading and distributing. Do not foul the concrete with foreign matter, or disturb joint devices during such operations. Furnish hand operated mechanical vibrators satisfactory to the Port. Use these vibrators to consolidate the concrete pavement at least 6 feet on each side of construction and expansion joints and any other areas as directed. 

3.14 TEST STRIP

A. At the beginning of paving operations, construct one initial test strip of concrete pavement at least 0.1 mile long at the specified paving width. Do not perform further paving until the test strip is evaluated for surface tolerance and profile and the Port allows the Contractor to proceed.

B. An additional test strip will be required when:

1. The Contractor proposes using different paving equipment.

2. Any portion of a test strip fails to meet the smoothness requirements specified.

C. Change methods and/or equipment and construct additional test strips until a test strip meets smoothness requirements without grinding or other corrective work. Limit these additional test strips to 0.1 mile in length.

D. If three test strips fail to meet smoothness requirements before grinding, remove all three strips and construct additional test strips at no additional cost to the Port.
3.15 JOINTS

A. General:

1. Types:  Construct joints of the kinds shown and where shown on the drawings or directed. Joint types in the concrete pavement will be contraction, construction or expansion. They shall be transverse or longitudinal unless otherwise shown on the plans or directed by the Port. Extend all joints and joint filler to pavement edges or to each other.

2. Longitudinal and Transverse Joints:  
a. Longitudinal and transverse joints shall be constructed as indicated on the drawings and in accordance with these requirements.  All joints shall be constructed true to line with their faces perpendicular to the surface of the pavement.  
b. Joints shall not vary more than 1/4 inch from a true line or from their designated position.  The tops of joint filler, when required, shall be slightly, but not more than 1/8 inch, below and paralleling finished pavement grade and cross section. Protect top edges of filler from damage by paving operations.

c. All joints which contain preformed filler are to be constructed before the final floating and surface finishing of the concrete, unless otherwise directed by the Port.

d. Test the surface across the joints with a 10‑foot straightedge as the joints are finished and any irregularities in excess of 1/4 inch shall be corrected before the concrete has hardened.  When required, keyways shall be accurately formed with a template of metal or wood.  The gauge or thickness of the material in the template shall be such that the full keyway, as specified, is formed and is in the correct location.  Transverse joints shall be at right angles to the centerline of the pavement and shall extend the full width of the slab.  The transverse joints in succeeding lanes shall be placed in line with similar joints in the first lane.  All joints shall be so prepared, finished, or cut to provide a groove of the width and depth shown on the drawings.

3. Tie Bars:  Tie bars shall consist of deformed bars installed principally in longitudinal joints as shown on the drawings.  Tie bars shall be placed at right angles to the centerline of the concrete slab and shall be spaced at intervals of 30 inches, unless otherwise specified.  They shall be held in position parallel to the pavement surface and midway between the surfaces of the slab.  When tie bars extend into an unpaved lane, they may be bent at right angles against the form at longitudinal construction joints, unless threaded bolt or other assembled tie bars are specified.  These bars shall not be painted, greased, or enclosed in sleeves.

4. Dowel Bars:  Dowel bars or other load‑transfer units of an approved type shall be placed across transverse or other joints in the manner as specified on the drawings.  They shall be of the dimensions and spacings as shown and held rigidly in the middle of the slab depth in the proper horizontal and vertical alignment by an approved assembly device to be left permanently in place.  The dowel or load‑transfer and joint devices shall be rigid enough to permit complete assembly as a unit ready to be lifted and placed into position.  Each dowel painted with rust preventative paint, as required under Article 2.06, shall be thoroughly coated with asphalt MC‑70, or equal lubricant, to prevent the concrete from binding to that portion of the dowel.  If free‑sliding plastic‑coated or epoxy‑ coated steel dowels are used, a lubrication bond breaker shall be used except when approved pullout tests indicate it is not necessary.  In lieu of using dowel assemblies in contraction joints, dowel bars may be placed in the full thickness of pavement by a mechanical device approved by the Port.

5. Slip‑Form Construction:  For slip‑form construction, the following shall apply:  When keyed construction joints are called for, a sheet metal keyway liner shall be required.  The liner may remain in place permanently and become part of the keyed joint and shall be galvanized, copper clad, or of similar rust‑resistant material, of sufficient stiffness to support the upper keyway flange.  If a bent tie bar installation is used, the tie bars shall be inserted through the sheet metal keyway liner only on the female side of the joint.  The bent tie bar installation may cause breaking of some small amount of laitance where the bar goes through the liner when the exposed portion of the bar is bent for extension into the adjacent lane.  In no case shall a bent tie bar installation for male keyways be permitted which will require chipping away of concrete to perform the straightening of the tie bar.  Alternate methods of bar installation may be approved by Port if the keyway can be formed to a tolerance of 1/4 inch in any dimension and without distortion or slumping of the top of the male flange.  Transverse joints with dowels will require particular care to ensure the dowels are accurately placed and not disturbed during concrete placement.  Transverse dowels will require use of an apparatus to firmly hold the dowels perpendicular to the joint and parallel to the slab surface.  During the concrete placement operation, place plastic concrete directly on the dowel assembly immediately prior to passage of the paver to help maintain dowel alignment.  In lieu of using dowel assemblies at contraction joints, dowel bars may be placed in the full thickness of pavement by a mechanical device approved by the Port.

B. Installation:

1. The top of an assembled joint device shall be set at the proper distance below the pavement surface and the elevation shall be checked.  Set such devices to the required position and line and securely hold in place by stakes or other means during the pouring and finishing of the concrete.  Place and hold the premolded joint material in a vertical position; if constructed in sections, there shall be no offsets between adjacent units.  Check dowel bars for exact position and alignment as soon as the joint device is staked in place, and the device shall be tested to determine whether it is firmly supported.  The maximum permissible tolerance on dowel bar alignment in each plane, horizontal and vertical, shall not exceed 2 percent or 1/4 inch per foot of a dowel bar.  Use a well‑fabricated dowel basket and power assembly to maintain proper alignment.  In lieu of using dowel assemblies at contraction joints, dowel bars may be placed in the full thickness of pavement by mechanical device approved by the Port.

2. When joints in concrete pavements are sawed, cut the joints as shown on the drawings.  The circular cutter shall be capable of cutting a groove in a straight line and shall produce a slot at least 1/8 inch wide and to the depth shown on the drawings.  When shown on the drawings or required by the specifications, the top portion of the slot or groove shall be widened by means of a second shallower cut or by suitable and approved beveling to provide adequate space for joint sealers.  Sawing of the joints shall commence as soon as the concrete has hardened sufficiently to permit cutting without chipping, spalling, or tearing.  Sawing shall be carried on both during the day and night, as required.  Saw the joints at the required spacing consecutively in sequence of the concrete placement, unless otherwise approved by the Port.

C. Longitudinal Joints:  A longitudinal joint shall be considered a joint parallel with the long dimension of the paving area. If the Contractor elects to pour the entire width of pavement at one time, construct the longitudinal joint as indicated on the drawings. Longitudinal joints shall be the contact type or weakened plane type.
1. Contact:  Construct longitudinal contact joints when concrete is placed against hardened concrete regardless of age, between strips of pavement or between a strip of pavement and a concrete gutter.

2. Construction:  
a. Construct construction joints when there is an interruption of more than 45 minutes in the concrete placing operations.
b. The new concrete placed against the joint shall conform closely to the proportions and consistency of the previously placed concrete except vibrate and consolidate it to a greater degree and with more care than normal. Unless otherwise indicated on the drawings, do not construct construction joints within 10 feet of a transverse expansion or contraction joint. If sufficient concrete has not been mixed at the time of interruption to form a slab at least 10 feet long, remove the concrete back to the last joint and dispose of as directed.

c. Longitudinal construction joints necessary for lane construction shall be formed against suitable side forms (usually made of steel) with or without keyways, as indicated in the drawings.  Wooden forms may be used under special conditions, when approved by the Port.  When the concrete is placed using slip‑form pavers, the keyway shall be formed in the plastic concrete by means of preformed metal keyway liners which are inserted during the slip‑form operations to form the female side of the key and which may be left in place.  The dimensions of the keyway forms shall not vary more than plus or minus 1/4 inch from the dimensions indicated and shall not deviate more than plus or minus 1/4 inch from the mid‑depth of the pavement.  A male keyway may be used providing the keyway and edge tolerances are met.  Where butt‑type joints with dowels are designated, the dowels for this type shall be painted and greased.  The edges of the joint shall be finished with a grooving tool or edging tool, and a space or slot shall be formed along the joint of the dimensions, as indicated, to receive the joint sealing material.  Longitudinal construction joints shall be sawed to provide a groove at the top conforming to the details and dimensions indicated on the drawings.  Provisions shall be made for the installation of tie bars as noted on the drawings.

3. Contraction or Weakened‑Plane Type:  
a. The longitudinal groove formed or sawed in the top of the slab shall be installed where indicated on the drawings.  The groove shall be formed in the plastic concrete with suitable tools or material to obtain the width and maximum depth specified, or it shall be sawed with approved equipment in the hardened concrete to the dimensions required.  
b. Perform sawing at the earliest possible time following placement of the concrete to prevent uncontrolled cracking without damaging the pavement or joint. Saws may be single or tandem, as the Contractor elects, and be controlled by guides to true line. Restore curing agents broken or damaged by the sawing operations. Repair any damage to the curing material immediately after the sawing is completed.
c. When the groove is formed in plastic concrete, it shall be true to line with not more than 1/4 inch variation in 10 feet; it shall be uniform in width and depth; and the sides of the groove shall be finished even and smooth with an edging tool.  If an insert material is used, the installation and edge finish shall be according to the manufacturer’s instructions.  The sawed groove shall be straight and of uniform width and depth.  In either case, the groove shall be clean cut so that spalling will be avoided at intersections with transverse joints.  Install tie bars across these joints where indicated on the drawings.

D. Transverse Joints:  A transverse joint shall be considered a joint perpendicular to the long dimension of the paving area.

1. Contraction:  
a. Install transverse contraction joints, weakened‑plane joints, or both, at the locations and spacing as shown on the drawings.  These joints shall be installed by forming a groove or cleft in the top of the slab while the concrete is still plastic or by sawing a groove into the concrete surface after the concrete has hardened.  Install dowel bar or tie bar assemblies when required or as shown on the drawings. 

b. Weakened plane joints shall be to the depths and maximum width indicated on the drawings.

c. Perform sawing at the earliest possible time following placement of the concrete to prevent uncontrolled cracking without damaging the pavement or joint. Saws may be single or tandem, as the Contractor elects, and be controlled by guides to true line. Restore curing agents broken or damaged by the sawing operations. Repair any damage to the curing material immediately after the sawing is completed.
2. Construction:  
a. Install transverse construction joints only if mechanical problems occur or when a paving lane is interrupted for more than 45 minutes or it appears that the concrete will obtain its initial set before fresh concrete arrives.  When the installation of the joint can be planned in advance, it shall be located at a contraction joint.  
b. The new concrete placed against the joint shall conform closely to the proportions and consistency of the previously placed concrete except vibrate and consolidate it to a greater degree and with more care than normal. Unless otherwise indicated on the drawings, do not construct construction joints within 10 feet of a transverse expansion or contraction joint. If sufficient concrete has not been mixed at the time of interruption to form a slab at least 10 feet long, remove the concrete back to the last joint and dispose of as directed.
E. Sealing Sawed Joints: Fill sawed longitudinal weakened plane joints and transverse contraction joints with poured joint filler.  Thoroughly clean joints at the time of sealing.  Ensure the curing period for joints is complete before allowing construction equipment and vehicles on the pavement.
3.16 FINAL STRIKE‑OFF, CONSOLIDATION, AND FINISHING

A. Sequence:  The sequence of operations shall be the strike‑off and consolidation, floating and removal of laitance, straightedging, and final surface finish.  The addition of superficial water to the surface of the concrete to assist in finishing operations generally will not be permitted.  If the application of water to the surface is permitted, it shall be applied as a fog spray by means of approved spray equipment.

B. Finishing at Joints:  The concrete adjacent to joints shall be compacted or firmly placed without voids or segregation against the joint material; it shall be firmly placed without voids or segregation under and around all load‑transfer devices, joint assembly units, and other features designed to extend into the pavement.  Concrete adjacent to joints shall be mechanically vibrated as required in Article 3.9.  After the concrete has been placed and vibrated adjacent to the joints, the finishing machine shall be operated in a manner to avoid damage or misalignment of joints.  If uninterrupted operations of the finishing machine, to, over, and beyond the joints, cause segregation of concrete, damage to, or misalignment of the joints, the finishing machine shall be stopped when the screed is approximately 8 inches from the joint.  Segregated concrete shall be removed from the front of and off the joint; the screed shall be lifted and set directly on top of the joint, and the forward motion of the finishing machine shall be resumed.  Thereafter, the finishing machine may be run over the joint without lifting the screed, provided there is no segregated concrete immediately between the joint and the screed or on top of the joint.

C. Machine Finishing:  Spread the concrete as soon as it is placed, and it shall be struck off and screeded by an approved finishing machine.  The machine shall go over each area as many times and at such intervals as necessary to give the proper consolidation and to leave a surface of uniform texture.  Avoid excessive operation over a given area.  When side forms are used, keep the tops of the forms clean by an effective device attached to the machine, and the travel of the machine on the forms shall be maintained true without lift, wobbling, or other variation tending to affect the precision finish.  During the first pass of the finishing machine, maintain a uniform ridge of concrete ahead of the front screed for its entire length.  When in operation, move the screed forward with a combined longitudinal and transverse shearing motion, always moving in the direction in which the work is progressing, and so manipulated that neither end is raised from the side forms during the striking‑off process.  If necessary, repeat until the surface is of uniform texture, true to grade and cross section, and free from porous areas.

D. Hand Finishing:

1. Hand finishing methods will not be permitted, except under the following conditions:  In the event of breakdown of the mechanical equipment, hand methods may be used to finish the concrete already deposited on the grade; in areas of narrow widths or of irregular dimensions where operation of the mechanical equipment is impractical.  Concrete, as soon as placed, shall be struck off and screeded.  Use an approved portable screed.

2. The screed for the surface shall be at least 2 feet longer than the maximum width of the slab to be struck off.  It shall be approved design, sufficiently rigid to retain its shape, and shall be constructed either of metal or of other suitable material covered with metal.  Consolidation shall be attained by the use of a suitable vibrator.

E. Floating:  After the concrete has been struck off and consolidated, it shall be further smoothed, trued, and consolidated by means of a longitudinal float, using one of the following methods:

1. Hand Method:  The hand‑operated longitudinal float shall not be less than 12 feet in length and 6 inches in width, properly stiffened to prevent flexibility and warping.  The longitudinal float, operated from foot bridges resting on the side forms and spanning but not touching the concrete, shall be worked with a sawing motion, while held in a floating position parallel to the pavement centerline and passing gradually from one side of the pavement to the other.  Forward movement along the centerline of the pavement shall be in successive advances of not more than one‑half the length of the float.  Any excess water or soupy material shall be wasted over the pavement edge of each pass.

2. Mechanical Method:  A machine composed of a cutting and smoothing float(s), suspended from and guided by a rigid frame may be used.  The frame shall be carried by four or more visible wheels riding on, and constantly in contact with, the side forms or pavement subgrade.  If necessary, long‑handled floats having blades not less than 5 feet in length and 6 inches in width may be used to smooth and fill in open‑textured areas in the pavement.  Long‑handled floats shall not be used to float the entire surface of the pavement in lieu of mechanical methods.  When strike‑off and consolidation are done by hand and the crown of the pavement will not permit the use of the longitudinal float, the surface shall be floated transversely by means of a long‑handled float.  Take care not to work the crown out of the pavement during the operation.  After floating, remove any excess water and laitance from the surface of the pavement by a straightedge 10 feet or more in length.  Successive drags shall be lapped one half the length of the blade.

F. Straightedge Testing and Surface Correction:  After the pavement has been struck off and consolidated and while the concrete is still plastic, test for trueness in both the longitudinal and transverse directions with a 16‑foot straightedge.  For this purpose, furnish and use an accurate 16‑foot straightedge swung from handles 3 feet longer than one‑half the width of the slab.  The straightedge shall be held in contact with the surface in successive positions parallel to the centerline and perpendicular to the centerline, and the whole area gone over from one side of the slab to the other, as necessary.  Advancing shall be in successive stages of not more than one‑half the length of the straightedge.  Remove any excess water and laitance from the surface of the pavement.  Any depressions shall be immediately filled with freshly mixed concrete, struck off, consolidated, and refinished.  High areas shall be cut down and refinished.  Give special attention to assure that the surface across joints meets the requirements for smoothness.  Continue straightedge testing and surface corrections until the entire surface is found to be free from observable departures from the straightedge and until the slab conforms to the required grade and cross section. Port may waive graphic profile testing if it is successfully demonstrated that required pavement profile surface is produced which conforms to the surface tolerance requirements.
1. Edge Slump:  Correct any edge slump of the concrete in excess of 1/4 inch before the concrete hardens.

G. Failure to Meet Plastic Concrete Straightedge Requirements: If the specified requirements are not met, stop the paving operations until revised methods, changes in equipment, or correction of procedures are made or proposed for trial, and are approved by the Port for trial. Also stop those revisions, changes and corrections if they do not produce a specified surface. 

3.17 SURFACE TEXTURE

A. Upon completion of the machine floating, straightedge testing, edge tooling and, if necessary, hand floating, and before initial set of the surface concrete, give the surface of the concrete a textured finish.

B. Roadway Textured Finish: Accomplish the textured finish with a steel‑tine tool with 1/8 inch wide tines spaced 3/4 inch apart that will mark the finished surface to a depth of 1/8 to 3/16 inch without tearing the surface.  Avoid overlaps of the texturing.  Texture the surface parallel to the roadway centerline and full roadway width.

C. Airfield Textured Finish: Finish the surface of the pavement with a light brush or broom finish for all newly constructed concrete pavements.  Demonstrate the surface texture method and finish for the Port’s approval.

D. Brush or Broom Finish:  Apply a brush or broom finish when the water sheen has practically disappeared.  Operate the equipment transversely across the pavement surface, providing corrugations that are uniform in appearance and approximately 1/16 of an inch in depth.  It is important that the texturing equipment not tear or unduly roughen the pavement surface during the operation.  Correct any imperfections resulting from the texturing operation.

3.18 MODIFICATION OF STRIKE-OFF, CONSOLIDATION, FINAL FLOATING, AND SURFACE FINISHING

A. Where the width of pavement is narrow, tapering or of irregular pattern, not lending itself to being constructed by prescribed machine methods, the Contractor will be allowed to perform the strike off, consolidation, final floating, and surface finishing with equipment, tools, means, labor and methods other than those specified, provided the work meets with the approval of the Port and the following requirements.

1. Without causing segregation, vibrate throughout the concrete being placed until it is uniformly consolidated.

2. Strike-off the concrete with templates or screeds designed and manipulated to shape the concrete to specified cross section between the forms, carrying a slight excess of concrete in front of the leading edge of templates or screeds at all times.

3. Following the vibrating and strike-off operations, float the concrete. Include transverse floating or other smoothing and finishing actions as necessary. Check and correct the surface. Keep the surface free from laitance, soupy mortar, marks or irregularities.

4. Finish the surface to conform to the requirements of this Section.
3.19 EDGE TOOLING AND FILLING

A. Tool edges at longitudinal contact joints and construction joints of new pavement and clean joints of previously placed concrete to remove laitance and mortar resulting from finishing operations, and to provide clean rounded edges without ridges on the surface.  Perform tooling of the edges of concrete pavement so that a nominal 5/8 inch diameter radius is produced.  Perform tooling of edges at construction joints so that no more than a 1/8 inch radius is produced.
B. Fill any areas of minor honeycomb or other minor defect in composition of the concrete along the exposed sides of concrete with a stiff mortar of cement and fine aggregate, and apply to the moistened concrete to the satisfaction of the Port. Remove and replace areas showing serious defects in composition of the concrete with specified quality concrete for full panel width between longitudinal joints or edges, and for a length not less than 10 feet. Low spots exceeding 1/4 inch in depth, if in hardened concrete, may be filled with an epoxy grout from the ODOT QPL provided the area is prepared according to grout manufacturer’s directions and the filling is neat and blends inconspicuously with adjoining concrete.
3.20 SURFACE TOLERANCES

A. Exercise extreme care to assure the pavement will pass the specified tolerances.  The following tolerances are applicable:

1. Lateral deviation from established alignment of the pavement edge shall not exceed plus or minus 0.10 foot in any lane.

2. Vertical deviation from established grade shall not exceed plus or minus 0.04 foot at any point.

3. Surface smoothness deviation shall not exceed 1/4 inch from a 16‑foot straightedge in any direction, including placement along and spanning any pavement joint or edge.

3.21 SURFACE TEST

A. As soon as the concrete has hardened sufficiently, test the pavement surface for smoothness in the longitudinal and transverse directions with a 16‑foot straightedge or other specified device.  The extent of the testing will be as the Port determines necessary or expedient. The pavement surface shall not deviate from the straightedge at any point by more than 1/8 inch for all areas that are constructed by the prescribed machine methods and for all traffic lanes and ramps. Other areas shall not deviate by more than 1/4 inch. Areas in a slab showing high spots of more than 1/4 inch but not exceeding 1/2 inch in 16 feet shall be marked and immediately ground down with an approved grinding machine to an elevation that will fall within the tolerance of 1/4 inch or less.  Where the departure from correct cross section exceed 1/2 inch, the pavement shall be removed and replaced at no added cost to Port when so directed by the Port.

B. Any area or section so removed shall not be less than 10 feet in length nor less than the full width of the paving lane involved.  When it is necessary to remove and replace a section of pavement, any remaining portion of the slab adjacent to the joints that is less than 10 feet in length shall also be removed and replaced.

C. Abrasive grinders shall be equipped with a cutting head comprised of multiple diamond blades. For all areas corrected by grinding, restore the required surface texture as specified. Roadway textured surface shall be restored by transverse sawing with diamond blade saws. 

D. Longitudinal straightedge testing will not be required for pavement accepted by graphic profile testing.

3.22 GRAPHIC PROFILE TESTING (GPT)

A. General: When the project exceeds 1,500 feet of continuous roadway pavement construction, conduct graphic profile testing. Furnish and operate the equipment as soon as the hardness of the concrete permits. Test the longitudinal surface of all traffic lanes, ramps shoulders and bridges for smoothness by the graphic profile method according to ODOT TM 770. Before paving commences on the Project, demonstrate the profilograph or profilometer operation by conducting a calibration test according to ODOT TM 770 and running the machine twice over a 0.1 mile section of pavement with repeating results.

1. Graphic Profile Tolerance: The pavement shall have a profile index of 7.0 inches per mile or less for each wheel path in each 0.1 mile segment or partial segment, and shall have no individual deviation of 0.3 inch or more. On ramps, shoulders and auxiliary lanes the profile index shall be 12.0 inches per mile subject to the above criteria.

2. Daily GPT: If the average profile index exceeds 7.0 inches per mile for all segments and partial segments of pavement constructed in any day’s production, discontinue paving operations and construct one or more test strips as described in this Section. The test strip may be comprised of pavement placed during the shift that the shutdown is ordered, but in no case shall it be less than 0.1 mile in length.

B. Surface Test: 

1. Run the profilograph or profilometer over the full length of the project and 50 feet beyond the project ends to provide a complete graphic profile. This includes all concrete traffic lanes and auxiliary lanes.

2. Obtain profiles on the pavement surface along lines parallel to and approximately 3 feet from each edge and longitudinal joint(s) for 12 foot wide lanes and 4 feet from each edge and longitudinal joint(s) for 14 foot wide lanes. The intent is to provide a profile in each vehicle wheel path. Take profile(s) on transition areas of entrance and exit ramps as close to the wheel path as practical.

3. Start the profiles that represent a day's production 50 feet before the beginning of that day's production and stop 50 feet before the end of that day's production.
4. Run the profiles for each day's production as soon as possible without damaging the surface. Analyze the daily GPT profiles according to the requirements of this section and submit the profiles and results to the Port within 24 hours of the conclusion of the day's production.

C. Determining Profile Index:

1. General: 

a. Determine the profile index of pavement in 0.1 mile segments and partial segments. Segments shall begin 13 feet into the Project and run consecutively in either the direction of travel or the concrete placement, as determined by the Port. A segment will end as a partial segment and a new segment will begin when the segment sequence is interrupted by stage construction or by profiled areas excluded from the GPT smoothness requirements.

b. The following profiled areas of pavement are excluded from the GPT smoothness requirements:

1) Profiles extending beyond the project ends.

2) Bridge decks and bridge panels.

3) First and last 13 feet at the Project ends and bridge end panels.

4) Pavement on horizontal curves with radii less than 1,000 feet.

c. Include and analyze separately those areas in the profile charts that are not subject to the GPT smoothness profile index requirements.

2. Method of Analysis: Determine the profile index and individual deviations of 0.3 inch or more by analyzing the profile charts according to ODOT TM 770 and submit the profile charts and results to the Port for review.

3. Profile Index: The profile index is the inches per mile in excess of the 0.2 inch blanking band. The formula for converting counts to profile index is:

	Profile Index  = 
	Total Count x 0.10

Length of Full 0.10 Mile Segment or of Partial   *  Mile Segment

	*Report to the nearest 0.01 mile


4. Correcting Deficiencies for Failure to Meet Graphic Profile Requirements: 
a. Correct any segment or partial segment that exceeds the requirements of the GPT tolerance in either wheel path by one of the methods listed below to the specified limits except correct deviations of 0.3 inch or more at least to the edge of the blanking band:

1) Remove the non-specification concrete pavement as determined by the Port and replace with specification concrete pavement.
2) Profile with abrasive grinder(s), equipped with a cutting head comprised of multiple diamond blades. The Port will determine and mark the areas to be profiled. For all areas corrected by grinding, restore the required roadway surface texture as specified by transverse sawing with diamond blade saws.

b. Retest their entire length, according to the requirements of this article, all segments requiring corrective work with the profilograph or profilometer under the supervision of the Port. Perform all corrective work and graphic profiling, including traffic control, at no additional cost to the Port.
3.23 CURING

A. Immediately after the final floating, surface finishing and edging operations have been completed, while the concrete surface is still moist and marring of the concrete will not occur, cover and cure the entire surface of the newly placed concrete in accordance with the method below.  The concrete shall not be left exposed for more than 1/2 hour during the curing period.

1. Liquid Membrane-Forming Compounds Method:  The entire surface of the pavement shall be applied uniformly by pressure-spray methods with white pigmented curing compound immediately after the finishing of the surface and before the set of the concrete has taken place.  Apply the curing by mechanical sprayers under pressure at the rate of 1 gallon to not more than 150 square feet.  The spraying equipment shall be of the fully atomizing type equipped with a tank agitator.  At the time of use, the compound shall be in a thoroughly mixed condition with the pigment uniformly dispersed throughout the vehicle.  During application, continuously stir the compound by effective mechanical means.  Hand spraying of odd widths or shapes and concrete surfaces exposed by the removal of forms may be permitted.  Do not apply curing compound to the inside faces of joints to be sealed, but use approved means to ensure proper curing for 72 hours.  The curing compound shall be of such character that the film will harden 30 minutes after application.  Should the film become damaged from any cause within the required curing period, immediately repair the damaged portions with additional compound.  Upon removal of side forms, immediately protect the sides of the exposed slabs to provide a curing treatment equal to that provided for the surface.

2. Other Coverings: Apply the covering to damp concrete as soon as it can be placed without marring the surface.  Place the membrane in contact with the surface, extend beyond the sides or edges of the slabs or forms, and weight down as required to hold it in position as a waterproof and moisture-proof covering.  Laps shall be sufficient to maintain tightness equivalent to the sheeting and use:

a. Polyethylene Film: Clear or white.

b. Waterproof Paper: Transverse laps shall be at least 18 inches, and cement longitudinal seams.

c. Cotton or Jute Mats:  Before placing, saturate the mats with water and keep fully wetted during the curing period.

3. Curing in Cold Weather:

a. When the average daily temperature is below 40ºF, curing shall consist of covering the newly laid pavement with a protective curing authorized by the Port, which shall be retained in place for 10 days.  Admixture for curing or temperature control may be used only when authorized by the Port.

b. When concrete is being placed and the air temperature may be expected to drop below 35ºF, a sufficient supply of straw, hay, grass, or other suitable blanketing material such as burlap or polyethylene shall be provided along the work.  Any time the temperature may be expected to reach the freezing point during the day or night, the material so provided shall be spread over the pavement to a sufficient depth to prevent freezing of the concrete.  The period of time such protection shall be maintained shall not be less than 10 days.  A minimum of 3 days is required when high, early strength concrete is used.  The Contractor shall be responsible for the quality and strength of the concrete placed during cold weather, and any concrete injured by frost action shall be removed and replaced at no added cost to the Port.

3.24 REMOVING FORMS

A. Unless otherwise specified, do not remove forms from freshly placed concrete until it has set for at least 12 hours, except where auxiliary forms are used temporarily in widened areas.  Carefully remove forms so as not to damage the pavement.  After the forms have been removed, the sides of the slab shall be cured as outlined in one of the methods indicated in the Joint article.  Major honeycombed areas are considered defective work and shall be removed and replaced.  Any area or section so removed shall not be less than 10 feet in length nor less than the full width of the paving lane involved.  When it is necessary to remove and replace a section of pavement, any remaining portion of the slab adjacent to the joints that is less than 10 feet in length shall also be removed and replaced.

3.25 SEALING JOINTS

A. Each lot or batch of sealing compound shall be delivered to the job site in the manufacturer’s original sealed container.  Each container shall be marked with the manufacturer’s name, batch or lot number, and the safe heating temperature and shall be accompanied by the manufacturer’s certification stating that the compound meets the requirements of this specification.

B. Each lot of preformed joint sealer delivered to the job site shall be accompanied by the manufacturer’s certification stating that it meets the requirements of this specification.

C. Seal joints as soon after completion of the curing period as feasible and before the pavement is opened to traffic, including construction equipment.  The pavement temperature shall be above 50ºF (10ºC) at the time of installation of the poured joint sealing material.

D. Immediately before sealing, thoroughly clean joints of all curing compound and other foreign material.  Clean joints by sandblasting or wire brushing.  Upon completion of cleaning, use compressed air to blow out the joints.  The joint faces shall be surface dry when the seal is applied.

E. Inspect joints for proper width, depth, alignment, and preparation, and obtain Port approval before sealing.  Apply joint sealant uniformly solid from bottom to top and shall be filled without formation of entrapped air or voids.  A backing material shall be placed as shown on the drawings and shall be nonadhesive to the concrete or the sealant material.  The heating kettle shall be an indirect heating type, constructed as a double boiler.  A positive temperature control and mechanical agitation shall be provided.  Do not heat the sealant to more than 20ºF below the safe heating temperature.  The safe heating temperature can be obtained from the manufacturer’s shipping container.  A direct connecting pressure type extruding device with nozzles shaped for insertion into the joint shall be provided.  Immediately remove any sealant spilled on the surface of the pavement.

3.26 PAVEMENT CRACKS

A. Within 28 days after concrete placement and before opening the pavement to public traffic, the Port will perform a pavement crack survey. Clean the pavement before the crack survey. Pavement with uncontrolled longitudinal or transverse cracks which are visible without magnification will be considered unacceptable and be repaired or removed as determined by the Port. Perform all remedial work at no additional cost to the Port.

3.27 PAVEMENT THICKNESS

A. Construct the pavement to the thickness shown on the drawings. Deficient pavement will be subject to replacement, or to payment at adjusted prices.

B. Sticking Measurements: 
1. Determine conformance with minimum thickness requirements by random sticking measurements of the plastic concrete according to ODOT TM 775 under the Port's observation.  Report thickness to the nearest 0.1 inch.
2. Divide the panel into units and partial units equivalent to a maximum of 200 lane feet.  Normally, unit lengths will be 200 feet for one lane, 100 feet for two lanes, 70 feet for three lanes and as appropriate for transition areas.  When directed, take one sticking measurement at a randomly selected location in each unit and partial unit.  Record measurements to the nearest 0.1 inch.  
3. Take the measurements:
a. After consolidation and screeding and before the float finish.

b. No closer than 2 feet from the panel edges.

c. Within 10 feet longitudinally and 1 foot transversely from the calculated random location determined by the Port.

4. If a sticking is not obtained for a unit or a partial unit, or is not available to represent the area of pavement remaining after the limits of pavement over 1.0 inch deficient is determined, the measurement will be assumed to be the same as the preceding or following sticking measurement, that is nearest in distance.
C. Thickness 0.5 Inch Deficient: If a sticking measurement depth measurement indicates the pavement is 0.5 inch or more deficient in thickness, stop forward paving progress until appropriate adjustments are made or corrective action is taken.

D. Coring Requirements: Perform required coring, or coring requested by the Port according to AASHTO T24 and repair core holes as directed, at no additional cost to the Port. Cores will be measured by the Port according to AASHTO T148 and the measurements reported to the nearest 0.1 inch. Core measurements will replace survey methods.

1. Corrective Grinding Areas: If corrective grinding is performed at a sticking depth measurement site, a core shall be obtained at the sticking measurement site according to the following:

a. Profile Indexes 7.0 Inches Per Mile or Less: If the original profile indexes for a segment or partial segment determined by graphic profile testing is 7.0 inches per mile or less in each wheel path, a core is not required after corrective grinding is performed at a depth measurement site within the segment or partial segment represented by the profile indexes.

b. Profile Index Greater Than 7.0 Inches Per Mile: If an original graphic profile index for a segment or partial segment determined by graphic profile testing is more than 7.0 inches per mile for a wheel path, obtain a core, after corrective grinding has been performed, at a sticking depth measurement site within the segment or partial segment represented by the profile indexes if the depth measurement is the specified depth or less.

2. Cores Requested By Contractor: If the Contractor believes that a depth measurement determined according to the sticking measurement, or a core obtained according to the coring requirements, is not representative of the actual pavement thickness, the Contractor may take a replacement core. Take replacement cores at a location as directed, 10 feet from the depth measurement or core site in question and the same distance from centerline. The replacement core measurement will replace the original depth or core measurement.

E. Thickness Over 1.0 Inch Deficient: 

1. If a depth measurement determined according to the sticking measurement shows pavement over 1.0 inch deficient, obtain a core at the depth measurement site. If this core, or a core determined by the coring requirements, shows pavement over 1.0 inch deficient, obtain additional cores. Take these additional cores at the same distance from the centerline and at 25 foot intervals each direction from the first core until a core in each direction shows pavement 1.0 inch deficient or less. These two core locations will be considered the limits of the pavement more than 1.0 inch deficient. The pavement panel between these two cores will represent the area of pavement subject to removal and replacement or no payment.
2. When it is suspected by the Port that the pavement in the adjacent travel lane(s) in the panel may be more than 1.0 inch deficient for a greater distance than determined by the above procedure, core the pavement in the adjacent travel lane(s) in the nearest wheel track (3 feet from the nearest edge) opposite both limit cores. If these cores are more than 1.0 inch deficient, the above procedure shall be followed to determine the limits.

3.28 DEFICIENT PAVEMENT 

A. Remove and replace pavement deficient in thickness by more than 1.0 inch at no additional cost to the Port. If allowed by the Port, the pavement may be left in place without payment. 
B. Replacement pavement shall be of the specified design, quality and thickness as follows:

1. Be the full width of the pavement panel involved.

2. Extend far enough to replace at least a 20 foot length.

3. Extend to the construction joint if closer than 20 feet to a construction joint.
3.29 PROTECTION OF PAVEMENT

A. Protect the pavement and its appurtenances against both public traffic and traffic caused by the Contractor’s employees and agents.  This shall include flaggers to direct traffic and the erection and maintenance of warning signs, lights, pavement bridges, or crossovers, etc.  The contract documents will indicate the location and type of device or facility required to protect the work and provide adequately for traffic.  Repair or replace any pavement damaged prior to final acceptance shall be repaired or the pavement replaced at no added cost to the Port.  In order that the concrete be properly protected against the effects of rain before the concrete is sufficiently hardened, materials available at all times for the protection of the edges and surfaces of the unhardened concrete.  Such protective materials shall consist of rolled polyethylene sheeting at least 4 mils thick of sufficient length and width to cover the plastic concrete slab and any edges.  The sheeting may be mounted on either the paver or a separate movable bridge from which it can be unrolled without dragging over the plastic concrete surface.  When rain appears imminent, stop all paving operations and all available personnel shall begin covering the surface of the unhardened concrete with the protective covering.

B. Do not operate construction equipment on newly placed concrete and do not allow public traffic on newly placed concrete until all of the following requirements are met:

1. Restrict loads and speeds as necessary to avoid displacement or loss of materials.
2. Restrict weights to legal loads and travel at speeds of no more than 45 mph or the posted construction speed, whichever is less, on treated bases, pavement, or wearing courses.
3. Assume responsibility for damages caused by excessive equipment speed or loads while performing the work. The Port's permission to operate equipment will not relieve the Contractor from responsibility for load-caused damages.

4. Minimum Compressive Strength:

a. The concrete attains a compressive strength of at least 70% of the specified 28 day strength as determined by testing at least three cylinders cured according to AASHTO T23 (field cure) and tested according to AASHTO T22.
b. The maturity method, AASHTO T325, may be used to estimate concrete strength for opening pavement to construction traffic.  Install at least two maturity thermocouples for each day's placement in areas where the maturity method will be used for early opening.  Install the thermocouples near the day's final placement for areas being evaluated for early opening.
c. When the maturity method is used, the Port may verify the maturity method with strength specimens.  Establish a new strength maturity relationship if strength specimens deviate more than 10 percent from the maturity-estimated strengths.  Suspend use of the maturity method for opening pavements to traffic when the strength maturity relationship deviates by more than 10 percent until a new strength maturity relationship is established.
5. The surface of the concrete is protected from scarring or abrasion and kept free of stones, loose mortar, and other matter apt to be deleterious to the concrete in the paths of equipment.
6. The pavement meets all of the requirements for surface tolerance, testing, and correction.

3.30 OPENING TO TRAFFIC

A. The Port will decide when the pavement shall be opened to traffic.  The pavement will not be opened to traffic until test specimens molded and cured in accordance with ASTM C31 have attained a flexural strength of 550 pounds per square inch when tested in accordance with ASTM C78.  If such tests are not conducted, the pavement shall not be opened to traffic until 14 days after the concrete was placed.  Clean the pavement prior to opening to traffic.
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