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CONCRETE PAVING AND SITE WORK
GENERAL
SUMMARY
Section specifies exterior Portland cement concrete pavements and the following as indicated on the drawings including:
Adjust list below to suit Project.
Driveways and roadways.
Curbs and gutters.
Sidewalks.
Fence post footings.
Catch basins.
Light Standard footings.
Equipment pads.
Miscellaneous concrete items.
Provide Portland cement and concrete placement in accordance with materials, workmanship, and other applicable requirements of the Standard specification for Public Works Construction (SSPWC), current edition.
ACTION SUBMITTALS
Design Mixtures:  For each concrete mixture.  Include alternate mixture designs when characteristics of materials, Project conditions, weather, test results, or other circumstances warrant adjustments.
Material Certificates:  Signed by manufacturers certifying that each of the following materials complies with requirements:
Edit list below to suit Project.
Cementitious materials.
Steel reinforcement and reinforcement accessories.
Fiber reinforcement.
Admixtures.
Curing compounds.
Applied finish materials.
Bonding agent or epoxy adhesive.
Joint fillers.
PRODUCTS
FORMS
Delete or revise materials in this Article to suit Project.
0. Form Materials:  Plywood, metal, metal-framed plywood, or other approved panel-type materials to provide full-depth, continuous, straight, smooth exposed surfaces.
Use flexible or curved forms for curves with a radius of 100 feet or less.
Form-Release Agent:  Commercially formulated form-release agent that will not bond with, stain, or adversely affect concrete surfaces and will not impair subsequent treatments of concrete surfaces.
STEEL REINFORCEMENT
0. Plain-Steel Welded Wire Reinforcement:  ASTM A185, fabricated from as-drawn steel wire into flat sheets.
Deformed-Steel Welded Wire Reinforcement:  ASTM A497, flat sheet.
Reinforcing Bars:  ASTM A615 Grade 60; deformed.
Galvanized Reinforcing Bars:  ASTM A767, Class II zinc coated, hot-dip galvanized after fabrication and bending; with ASTM A615, Grade 60 deformed bars.
Plain Steel Wire:  ASTM A82, as drawn.
Deformed-Steel Wire:  ASTM A496.
Joint Dowel Bars:  Plain steel bars, ASTM A615, Grade 60.  Cut bars true to length with ends square and free of burrs.
Tie Bars:  ASTM A615, Grade 60, deformed.
Retain paragraph above or first paragraph below.  Tie bars above or hook bolts below may be used for connection between new and existing pavement and between pavement and gutters.
Hook Bolts:  ASTM A307, Grade A, internally and externally threaded.  Design hook-bolt joint assembly to hold coupling against pavement form and in position during concreting operations, and to permit removal without damage to concrete or hook bolt.
Bar Supports:  Bolsters, chairs, spacers, and other devices for spacing, supporting, and fastening reinforcing bars, welded wire reinforcement, and dowels in place.  Manufacture bar supports in accordance with CRSI's "Manual of Standard Practice" from steel wire, plastic, or precast concrete of greater compressive strength than concrete, and as follows:
BASE MATERIAL
0. Base material:  Crushed aggregate base or crushed miscellaneous base:
Class 2 crushed aggregate base per Article 200-2.2 of the SSPWC or recycled material such as crushed miscellaneous base (CMB) complying with Article 200-2.4 or processed miscellaneous base complying with Article 200-2.5 of the SSPWC.
Sub-base material shall be suitable material approved by the University’s Representative for use as sub-base material.
CONCRETE MATERIALS
0. Cementitious Material:  Use the following cementitious materials, of the same type, brand, and source throughout the Project:
Portland Cement:  ASTM C150, Type II.
Fly Ash:  ASTM C618, Class C or F.
Normal-Weight Aggregates:  ASTM C33, Class 1N coarse aggregate, uniformly graded.  Provide aggregates from a single source with documented service record data of at least 10 years' satisfactory service in similar pavement applications and service conditions using similar aggregates and cementitious materials.
Maximum Coarse-Aggregate Size:  1-inch nominal.
Fine Aggregate:  Free of materials with deleterious reactivity to alkali in cement.
Exposed Aggregate:  Selected, hard, and durable; washed; free of materials with deleterious reactivity to cement or that cause staining; from a single source, with gap-graded coarse aggregate as follows:
Aggregate Sizes:  ½-inch to ¾-inch nominal.
Water:  ASTM C94. 
Air-Entraining Admixture:  ASTM C260.
Chemical Admixtures:  Provide admixtures certified by manufacturer to be compatible with other admixtures and to contain less than 0.1 percent water-soluble chloride ions by mass of cementitious material.
Select one or more chemical admixtures from six subparagraphs below.
Water-Reducing Admixture:  ASTM C494, Type A.
Retarding Admixture:  ASTM C494, Type B.
Water-Reducing and Retarding Admixture:  ASTM C494, Type D.
High-Range, Water-Reducing Admixture:  ASTM C494, Type F.
High-Range, Water-Reducing and Retarding Admixture:  ASTM C494, Type G.
Plasticizing and Retarding Admixture:  ASTM C1017, Type II.
CURING MATERIALS
Select curing aids and materials from this Article.
0. Absorptive Cover:  AASHTO M182, Class 2, burlap cloth made from jute or kenaf, weighing approximately 9 ounces per square yard.
Moisture-Retaining Cover:  ASTM C171, polyethylene film or white burlap-polyethylene sheet.
Water:  Potable.
ACCESSORY MATERIALS
0. Expansion- and Isolation-Joint-Filler Strips:  ASTM D1752, cork or self-expanding cork.
Retain first paragraph below for integrally colored concrete pavement.
Integral Color Pigment:  ASTM C979, synthetic mineral-oxide pigments or colored water-reducing admixtures; color stable, free of carbon black, nonfading, and resistant to lime and other alkalis.
Manufacturers:  Subject to compliance with specified requirements, provide products of one of the following:
Davis Colors.
Scofield, L. M. Company.
QC Construction Products, Inc.
Or equal.
Color: As selected by University’s Representative from manufacturer's full range of colors.
Slip-Resistive Aggregate Finish:  Factory-graded, packaged, rustproof, nonglazing, abrasive aggregate of fused aluminum-oxide granules or crushed emery with emery aggregate containing greater than 50 percent aluminum oxide and greater than 20 percent ferric oxide; unaffected by freezing, moisture, and cleaning materials.
Bonding agents may be used directly from container or as an admixture in cement or sand cement slurry.
Acrylic Bonding Agent:  ASTM C1059, Type II, non-redispersible, acrylic emulsion, or styrene butadiene.
Epoxy Bonding Adhesive:  ASTM C881, two-component epoxy resin, capable of humid curing and bonding to damp surfaces, of class suitable for application temperature and of grade to requirements, and as follows:
Select types from options in subparagraph below based on service loadings.
Types I and II, non-load bearing, IV and V, load bearing, for bonding hardened or freshly mixed concrete to hardened concrete.
Retain paragraph below for exposed-aggregate finish requiring surface retarder.  This retarder is not an evaporative retarder.
Chemical Surface Retarder:  Water-soluble, liquid-set retarder with color dye, for horizontal concrete surface application, capable of temporarily delaying final hardening of concrete to a depth of ⅛ to ¼ inch.
Products:  Subject to compliance with specified requirements, provide one of the following:
Burke by Edeco; True Etch Surface Retarder.
ChemMasters; Exposee.
Conspec Marketing & Manufacturing Co., Inc.; Delay S.
Euclid Chemical Company (The); Surface Retarder S.
Kaufman Products, Inc.; Expose.
Metalcrete Industries; Surftard.
Nox-Crete Products Group, Kinsman Corporation; Crete-Nox TA.
Scofield, L. M. Company; Lithotex.
Sika Corporation, Inc.; Rugasol-S.
Vexcon Chemicals, Inc.; Certi-Vex Envioset.
Or equal.
Pigmented Mineral Dry-Shake Hardener:  Factory-packaged dry combination of Portland cement, graded quartz aggregate, color pigments, and plasticizing admixture.  Use color pigments that are finely ground, nonfading mineral oxides interground with cement.
Products:  Subject to compliance with specified requirements, provide one of the following:
Pigmented mineral dry-shake hardeners below vary in their resistance to freeze-thaw cycles and deicing salts.  Verify suitability for application with manufacturers because many dry-shake hardeners are intended for floor application and are not recommended for use on concrete in which air content exceeds 3 percent.  Verify color range with manufacturers before selection.
Conspec Marketing & Manufacturing Co., Inc.; Conshake 600 Colortone.
Dayton Superior Corporation; Quartz Tuff.
Euclid Chemical Company (The); Surflex.
Lambert Corporation; Colorhard.
L&M Construction Chemicals, Inc.; Quartz Plate FF.
MBT Protection and Repair, ChemRex Inc.; Mastercron.
Metalcrete Industries; Floor Quartz.
Scofield, L. M. Company; Lithochrome Color Hardener.
Symons Corporation; Hard Top.
Or equal.
Color: As selected by University’s Representative from manufacturer's full range of colors.
CONCRETE MIXTURES
0. Prepare design mixtures, proportioned in accordance with ACI 301, for each type and strength of normal-weight concrete determined by either laboratory trial mixes or field experience.
Use a qualified independent testing agency for preparing and reporting proposed concrete mixture designs for the trial batch method.
Proportion mixtures to provide normal-weight concrete with the following properties:
Compressive Strength (28 Days):  As indicated on the drawings and not less than 3000 psi.
Maximum Water-Cementitious Materials Ratio at Point of Placement:  0.50.
Slump Limit:  4 inches, plus or minus 1 inch.
Add air-entraining admixture at manufacturer's prescribed rate to result in normal-weight concrete at point of placement having an air content as follows:
Air Content:  3½ percent plus or minus 1½ percent for 1-inch nominal maximum aggregate size.
Limit water-soluble, chloride-ion content in hardened concrete to 0.15 percent by weight of cement.
Chemical Admixtures:  Use admixtures in accordance with manufacturer's written instructions.
Color Pigment:  Add color pigment to concrete mixture in accordance with manufacturer's written instructions and to result in hardened concrete color consistent with approved mockup.
ALTERNATIVE CONCRETE MIXING
0. Ready-Mixed Concrete:  Measure, batch, and mix concrete materials and concrete in accordance with ASTM C94.  Furnish batch certificates for each batch discharged and used in the Work.
When air temperature is between 85°F and 90°F, reduce mixing and delivery time from 1½ hours to 75 minutes; when air temperature is above 90°F, reduce mixing and delivery time to 60 minutes.
Delete Project-site mixing below if not permitted.  ACI 301 applies requirements in ASTM C 94/C 94M to site-produced concrete.
Project-Site Mixing:  Measure, batch, and mix concrete materials and concrete in accordance with ASTM C94.  Mix concrete materials in appropriate drum-type batch machine mixer.
For concrete mixes one cubic yard or smaller, continue mixing at least 1½ minutes, and not more than 5 minutes after ingredients are in mixer, before any part of batch is released.
For concrete mixes larger than one cubic yard, increase mixing time by 15 seconds for each additional cubic yard.
Provide batch ticket for each batch discharged and used in the Work, indicating Project identification name and number, date, mixture type, mixing time, quantity, and amount of water added.
EXECUTION
FORMS AND SCREED CONSTRUCTION
0. Set, brace, and secure edge forms, bulkheads, and intermediate screed guides for concrete to required lines, grades, and elevations.  Install forms to allow continuous progress of work and so forms can remain in place at least 24 hours after concrete placement.
Clean forms after each use and coat with form-release agent to ensure separation from concrete without damage.
STEEL REINFORCEMENT
0. General:  Comply with the CRSI "Manual of Standard Practice" for fabricating, placing, and supporting reinforcement.
Clean reinforcement of loose rust and mill scale, earth, or other bond-reducing materials.
Arrange, space, and securely tie bars and bar supports to hold reinforcement in position during concrete placement.  Maintain minimum cover to reinforcement.
Install welded wire reinforcement in lengths as long as practicable.  Lap adjoining pieces at least one full mesh, and lace splices with wire.  Offset laps of adjoining widths to prevent continuous laps in either direction.
Install fabricated bar mats in lengths as long as practicable.  Handle units to keep them flat and free of distortions.  Straighten bends, kinks, and other irregularities, or replace units as required before placement.  Set mats for a minimum 2-inch overlap of adjacent mats.
JOINTS
Coordinate joint types, descriptions, and locations with Drawings.  Three types of joints and tool edgings have been consolidated in this Article for consistency rather than for strict sequence of installation.
0. General:  Form construction, isolation, and contraction joints and tool edgings true to line with faces perpendicular to surface plane of concrete.  Construct transverse joints at right angles to centerline, unless otherwise indicated.
When joining existing pavement, place transverse joints to align with previously placed joints, unless otherwise indicated.
Construction Joints:  Set construction joints at side and end terminations of pavement and at locations where pavement operations are stopped for more than one-half hour unless pavement terminates at isolation joints.
Continue steel reinforcement across construction joints, unless otherwise indicated.  Do not continue reinforcement through sides of pavement strips, unless otherwise indicated.
Provide tie bars at sides of pavement strips where indicated.
Retain subparagraph below for load-transfer doweled joints.  Revise if precoated dowels are required.
Doweled Joints:  Install dowel bars and support assemblies at joints where indicated.  Lubricate or asphalt-coat one-half of dowel length to prevent concrete bonding to one side of joint.
Isolation and expansion Joints:  Form isolation joints of preformed joint-filler strips abutting concrete curbs, catch basins, manholes, inlets, structures, walks, other fixed objects, and where indicated.  Form doweled expansion joints of preformed joint-filler strips at maximum spacing of 24 feet.
Extend joint fillers full width and depth of joint.
Terminate joint filler not less than ½ inch or more than 1 inch below finished surface if joint sealant is indicated.
Place top of joint filler flush with finished concrete surface if joint sealant is not indicated.
Furnish joint fillers in one-piece lengths.  Where more than one length is required, lace or clip joint-filler sections together.
Protect top edge of joint filler during concrete placement with metal, plastic, or other temporary preformed cap.  Remove protective cap after concrete has been placed on both sides of joint.
Terms "contraction joint" and "control joint" have been used interchangeably in the past.  Recent ACI documents use the term "contraction joint."  Revise description in paragraph below if the term "control joint" is preferred.
Contraction Joints:  Form weakened-plane contraction joints, sectioning concrete into areas as indicated.  Construct contraction joints for a depth equal to at least one-fourth of the concrete thickness, as follows to match jointing of existing adjacent concrete pavement:
Select type of joint-forming method required from first two subparagraphs below, or retain both at Contractor's option.  Add spacing of joints if not indicated on Drawings.  Delete joint locations below if retaining option to match existing joint locations above.
Grooved Joints:  Form contraction joints after initial floating by grooving and finishing each edge of joint with grooving tool to a ¼-inch or ⅜-inch radius.  Repeat grooving of contraction joints after applying surface finishes.  Eliminate groove marks on concrete surfaces.  Locate joints at maximum of 30 inches on center each way.
Sawed Joints:  Form contraction joints with power saws equipped with shatterproof abrasive or diamond-rimmed blades.  Cut ⅛-inch-wide joints into concrete when cutting action will not tear, abrade, or otherwise damage surface and before developing random contraction cracks.  Locate joints at maximum of 30 inches on center each way.
Delete subparagraph below if no doweled contraction or expansion joints; revise if precoated dowels are required.
Doweled Contraction Joints:  Install dowel bars and support assemblies at joints where indicated.  Lubricate or asphalt coat one-half of dowel length to prevent concrete bonding to one side of joint. Locate joints at 20 feet minimum to 24 feet maximum on center each way unless otherwise indicated.
Edging is included in this Article for its similarity to jointing.  Timing of edging after initial floating is critical.
Edging:  Tool edges of pavement, gutters, curbs, and joints in concrete after initial floating with an edging tool to a ¼-inch or ⅜-inch radius.  Repeat tooling of edges after applying surface finishes.  Eliminate tool marks on concrete surfaces.
CONCRETE PLACEMENT
0. Inspection: Before placing concrete, inspect and complete formwork installation, steel reinforcement, and items to be embedded or cast in.  Notify other trades to permit installation of their work.
Moisten subbase to provide a uniform dampened condition at time concrete is placed.  Do not place concrete around manholes or other structures until they are at required finish elevation and alignment.
Comply with ACI 301 requirements for measuring, mixing, transporting, and placing concrete.
Delete first paragraph below if adding water after batch mixing is permitted.  ACI 301 and ASTM C 94/C 94M permit water to be added to concrete mix on-site to adjust slump, up to amount allowed in design mix, with some limitations.
Do not add water to concrete during delivery or at Project site.
Do not add water to fresh concrete after testing.
Deposit and spread concrete in a continuous operation between transverse joints.  Do not push or drag concrete into place or use vibrators to move concrete into place.
Consolidate concrete in accordance with ACI 301 by mechanical vibrating equipment supplemented by hand spading, rodding, or tamping.
Consolidate concrete along face of forms and adjacent to transverse joints with an internal vibrator.  Keep vibrator away from joint assemblies, reinforcement, or side forms.  Use only square-faced shovels for hand spreading and consolidation.  Consolidate with care to prevent dislocating reinforcement, dowels, and joint devices.
Delete first paragraph and subparagraph below if reinforcement is set before concrete is placed.
Place concrete in two operations; strike off initial pour for entire width of placement and to the required depth below finish surface.  Lay welded wire fabric or fabricated bar mats immediately in final position.  Place top layer of concrete, strike off, and screed.
Remove and replace concrete that has been placed for more than 15 minutes without being covered by top layer, or use bonding agent if approved by University’s Representative.
Screed pavement surfaces with a straightedge and strike off.
Initial floating stage between screeding and final floating finish is included here rather than in "Concrete Protection and Curing" Article.
Commence initial floating using bull floats or darbies to impart an open textured and uniform surface plane before excess moisture or bleed water appears on the surface.  Do not further disturb concrete surfaces before beginning finishing operations or spreading surface treatments.
Delete paragraph below if machine-placed curbs and gutters are not permitted.
Curbs and Gutters:  When automatic machine placement is used for curb and gutter placement, submit revised mix design and laboratory test results that meet or exceed requirements.  Produce curbs and gutters to required cross section, lines, grades, finish, and jointing as specified for formed concrete.  If results are not approved, remove and replace with formed concrete.
Hot-Weather Placement:  Comply with ACI 301 and as follows when hot-weather conditions exist:
Cool ingredients before mixing to maintain concrete temperature below 90°F at time of placement.  Chilled mixing water or chopped ice may be used to control temperature, provided water equivalent of ice is calculated to total amount of mixing water.  Using liquid nitrogen to cool concrete is Contractor's option.
Cover steel reinforcement with water-soaked burlap so steel temperature will not exceed ambient air temperature immediately before embedding in concrete.
Fog-spray forms, steel reinforcement, and subgrade just before placing concrete.  Keep subgrade moisture uniform without standing water, soft spots, or dry areas.
FLOAT FINISHING
Retain first paragraph below.  Some floating and troweling machines have watering attachments.  Adding water weakens the concrete surface and can cause dusting and scaling.
0. General:  Do not add water to concrete surfaces during finishing operations.
Initial floating operation is included in "Concrete Placement" Article.
Float Finish:  Begin the second floating operation when bleed-water sheen has disappeared and concrete surface has stiffened sufficiently to permit operations.  Float surface with power-driven floats, or by hand floating if area is small or inaccessible to power units.  Finish surfaces to true planes.  Cut down high spots and fill low spots.  Refloat surface immediately to uniform granular texture.
Select finishes from three subparagraphs below or revise to suit Project.
Burlap Finish:  Drag a seamless strip of damp burlap across float-finished concrete, perpendicular to line of traffic, to provide a uniform, gritty texture.
Medium-to-Fine-Textured Broom Finish:  Draw a soft bristle broom across float-finished concrete surface perpendicular to line of traffic to provide a uniform, fine-line texture.
Medium-to-Coarse-Textured Broom Finish:  Provide a coarse finish by striating float-finished concrete surface 1/16 to ⅛-inch deep with a stiff-bristled broom, perpendicular to line of traffic.
DECORATIVE FINISHES
Select finishes from this Article.  Retain paragraph and subparagraphs below if surface coarse aggregate in concrete mix will be exposed.
0. Monolithic Exposed-Aggregate Finish:  Expose coarse aggregate in pavement surfaces as follows:
Immediately after float finishing, spray-apply chemical surface retarder to pavement in accordance with manufacturer's written instructions.
Cover pavement surface with plastic sheeting, sealing laps with tape, and remove when ready to continue finishing operations.
Without dislodging aggregate, remove excess mortar by lightly brushing surface with a stiff, nylon-bristle broom.
Fine-spray surface with water and brush.  Repeat water flushing and brushing cycle until cement film is removed from aggregate surfaces to depth required.
Retain first paragraph and subparagraphs below and delete "Monolithic Exposed-Aggregate Finish" Paragraph above if exposed aggregate will be spread onto surface of plastic concrete.
Seeded Exposed-Aggregate Finish:  Immediately after initial floating, spread a single layer of aggregate uniformly on pavement surface.  Tamp aggregate into plastic concrete, and float finish to entirely embed aggregate with mortar cover of 1/16 inch.
Spray-apply chemical surface retarder to pavement in accordance with manufacturer's written instructions.
Cover pavement surface with plastic sheeting, sealing laps with tape, and remove sheeting when ready to continue finishing operations.
Without dislodging aggregate, remove excess mortar by lightly brushing surface with a stiff, nylon-bristle broom.
Fine-spray surface with water and brush.  Repeat water flushing and brushing cycle until cement film is removed from aggregate surfaces to depth required.
Sand Blast Finish: Perform no earlier than 21 days after placement. 
Perform in as continuous operation as possible, using the same work crew to maintain continuity of finish.
Depth of Cut:  Use an abrasive grit required to expose the aggregate and surrounding matrix surfaces to match the mockup and as follows:
Light Cut: Maximum 1/16-inch deep.
Medium Cut: Maximum 3/32-inch deep.
Heavy Cut: Maximum ⅛-inch deep.
Use backup boards to maintain a uniform corner or edge line.
Use same nozzle, nozzle pressure, and technique used for mockup.
Maintain control of abrasive grit and concrete dust. Remove expended grit, concrete dust, and debris at the end of each day of sand blasting operations.
Retain paragraph and subparagraphs below if pigmented mineral dry-shake hardener finish is required.  Use compatible curing compounds in lieu of moisture curing to prevent discoloration and staining.
Pigmented Mineral Dry-Shake Hardener Finish:  After initial floating, apply dry-shake materials to pavement surface in accordance with manufacturer's written instructions and as follows:
Consult manufacturers and revise rate of application in first subparagraph below if required.  Rate below is usually recommended for light traffic.
Uniformly spread dry-shake hardener at a rate of 100 lb/100 ft² unless greater amount is recommended by manufacturer to match pavement color required.
Uniformly distribute approximately two-thirds of dry-shake hardener over pavement surface with mechanical spreader, allow to absorb moisture, and embed by power floating.  Follow power floating with a second dry-shake hardener application, uniformly distributing remainder of material at right angles to first application to ensure uniform color, and embed by power floating.
After final floating, apply a hand-trowel finish followed by a broom finish to concrete.
Coordinate selection of curing compounds with pigmented mineral dry-shake hardener for compatibility and, if required, revise list of manufacturers in Part 2 accordingly.  Special curing compounds may be required.
Cure concrete with curing compound recommended by dry-shake hardener manufacturer.  Apply curing compound immediately after final finishing.
CONCRETE PROTECTION AND CURING
Select curing method from paragraph and subparagraphs below.
0. Curing Methods:  Cure concrete by moisture curing, moisture-retaining-cover curing, curing compound, or a combination of these as follows:
Moist Curing:  Keep surfaces continuously moist for not less than seven days with the following materials:
Retain first three subparagraphs below as Contractor's options unless not suited for Project.
Water.
Continuous water-fog spray.
Absorptive cover, water saturated and kept continuously wet.  Cover concrete surfaces and edges with 12-inch lap over adjacent absorptive covers.
Moisture-Retaining-Cover Curing:  Cover concrete surfaces with moisture-retaining cover for curing concrete, placed in widest practicable width, with sides and ends lapped at least 12 inches, and sealed by waterproof tape or adhesive.  Immediately repair any holes or tears during curing period using cover material and waterproof tape.
Curing Compound:  Apply uniformly in continuous operation by power spray or roller in accordance with manufacturer's written instructions.  Recoat areas subjected to heavy rainfall within three hours after initial application.  Maintain continuity of coating and repair damage during curing period.
PAVEMENT TOLERANCES
0. Comply with tolerances of ACI 117 and as follows:
ACI 117 establishes few pavement tolerances; those in subparagraphs below are based on ACI 330.1.
Elevation:  ¼ inch.
Thickness:  Plus ⅜ inch, minus ¼ inch.
Surface:  Gap below 10-foot- long, unleveled straightedge not to exceed ¼ inch.
Lateral Alignment and Spacing of Tie Bars and Dowels:  1 inch.
Vertical Alignment of Tie Bars and Dowels:  ¼ inch.
Alignment of Tie-Bar End Relative to Line Perpendicular to Pavement Edge:  ½ inch.
Alignment of Dowel-Bar End Relative to Line Perpendicular to Pavement Edge:  Length of dowel ¼ inch per 12 inches.
Joint Spacing:  3 inches.
Contraction Joint Depth:  Plus ¼ inch, no minus.
Joint Width:  Plus ⅛ inch, no minus.
FIELD QUALITY CONTROL
0. Testing Agency:  University will engage a qualified independent testing and inspecting agency to perform field tests and inspections and prepare test reports.
Revise field quality-control testing in first paragraph and subparagraphs below to suit Project, or delete if not required for smaller work.
Testing Services:  Testing of composite samples of fresh concrete obtained in accordance with ASTM C172 shall be performed in accordance with the following requirements:
Revise frequency of testing in subparagraph below to suit Project.  First option is based on ACI 301, second on ACI 318 (ACI 318M) for slabs.
Testing Frequency:  University will obtain at least one composite sample for each 100 cubic yards, or fraction thereof, of each concrete mix placed each day.
When frequency of testing will provide fewer than five compressive-strength tests for each concrete mixture, testing shall be conducted from at least five randomly selected batches or from each batch if fewer than five are used.
Slump:  ASTM C143; University will one test at point of placement for each composite sample, and not less than one test for each day's pour of each concrete mix.  University will perform additional tests when concrete consistency appears to change.
Air Content:  ASTM C231, University will pressure method; one test for each composite sample, and not less than one test for each day's pour of each concrete mix.
Concrete Temperature:  ASTM C1064; University will one test hourly when air temperature is 40°F and below and when 80°F and above, and one test for each composite sample.
Compression Test Specimens:  ASTM C31; University will cast and laboratory cure one set of three standard cylinder specimens for each composite sample.
Compressive-Strength Tests:  ASTM C39; University will test 1 specimen at 7 days and 2 specimens at 28 days.
A compressive-strength test shall be the average compressive strength from 2 specimens obtained from same composite sample and tested at 28 days.
Strength of each concrete mix will be satisfactory if average of any three consecutive compressive-strength tests equals or exceeds specified compressive strength and no compressive-strength test value falls below specified compressive strength by more than 500 psi.
Test results shall be reported in writing to University’s Representative, concrete manufacturer, and Contractor within 48 hours of testing.  Reports of compressive-strength tests shall contain Project identification name and number, date of concrete placement, name of concrete testing and inspecting agency, location of concrete batch in Work, design compressive strength at 28 days, concrete mixture proportions and materials, compressive breaking strength, and type of break for both 7- and 28-day tests.
Nondestructive Testing:  Impact hammer, sonoscope, or other nondestructive device may be permitted by University’s Representative and will not be used as sole basis for approval or rejection of concrete.
Additional Tests:  Testing and inspecting agency shall make additional tests of concrete when test results indicate that slump, air entrainment, compressive strengths, or other requirements have not been met.
Remove and replace concrete pavement where test results indicate that it does not comply with specified requirements.
Additional testing and inspecting, at Contractor's expense, will be performed to determine compliance of replaced or additional work to meet specified requirements.
REPAIRS AND PROTECTION
0. Remove and replace concrete pavement that is broken, damaged, or defective or that does not comply with requirements in this Section.
Drill test core(s), where directed by University’s Representative, when necessary to determine magnitude of cracks or defective areas.  Fill drilled core holes in satisfactory pavement areas with Portland cement concrete bonded to pavement with epoxy adhesive.
Protect concrete from damage.  Exclude traffic from pavement for at least 14 days after placement.  When construction traffic is permitted, maintain pavement as clean as possible by removing surface stains and spillage of materials as they occur.
Maintain concrete pavement free of stains, discoloration, dirt, and other foreign material.  Sweep concrete pavement not more than two days before date scheduled for Substantial Completion inspections.
END OF SECTION
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