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SECTION 02760 (32 13 13.12)
PORTLAND CEMENT PERVIOUS

CONCRETE PAVEMENT
GENERAL

SECTION INCLUDES
A. Furnishing all labor, materials and equipment necessary for construction of Portland Cement Pervious Concrete Pavement for streets, parking, pedestrian areas, sidewalks & walkways in conformance with the plans and specifications.

RELATED SECTIONS

Section 01572-Construction Waste Management.

Section 02200-Earthwork

Section 03300-Cast-in-Place Concrete

REFERENCES

American Association of State Highway and Transportation Officials (AASHTO):
1. AASHTO T-180-74 (82):  Moisture-Density Relations of Soils Using a 10 pound hammer an 18 inch Drop and 1983 interim revision.
B. American Society for Testing Materials (ASTM):

1. ASTM A615-86, Specification for Deformed and Plain Billet-Steel Bars for Concrete Reinforcement.
C. Florida Department of Transportation (FDOT), Standard Specifications for Road and Bridge Construction.

1. Section 345-10 Plant and Equipment

2. Section 350-18 Thickness Determinations

3. Section 923-1-Chemical and Physical Requirements of Water for Concrete

1.2 SUBMITTALS

A. Concrete Mix Design: Contractor shall furnish a proposed mix design with proportions of materials to Owner or Agent prior to commencement of work. The data shall include unit weights determined in accordance with ASTM C 29 paragraph 11, jigging procedure.
B. Product Data:  Submit product data for all concrete materials and admixtures proposed for use including the following information:

1. Recycled Content: 

(a) Indicate recycled content; indicate percentage of pre-consumer and post-consumer recycled content per unit of product. 

(b) Indicate relative dollar value of recycled content product to total dollar value of product included in project.
(c) If recycled content product is part of an assembly, indicate the percentage of recycled content product in the assembly by weight.
2. If recycled content product is part of an assembly, indicate relative dollar value of recycled content product to total dollar value of assembly.
2 Regional Materials:
(a) Sourcing location(s): Indicate location of extraction, harvesting, and recovery; indicate distance between extraction, harvesting, and recovery and the project site. 

(b) Manufacturing location(s): Indicate location of manufacturing facility; indicate distance between manufacturing facility and the project site.
(c) Product Value: Indicate dollar value of product containing local/regional materials; include materials cost only.
C. Product Component(s) Value: Where product components are sourced or manufactured in separate locations, provide location information for each component. Indicate the percentage by weight of each component per unit of product.
D. Related Materials: Submit product data for all proposed release agents, curing compounds and evaporation reducer, and polypropylene fibers that demonstrate conformance to specification. 

E. Records:  Retain records of all concrete poured, including; exact mix proportions, slump, air content test, strength, date, time, location of the placement, weather conditions at the time of placement, and the source of concrete.  Submit copy to Engineer.

QUALITY ASSURANCE
F. Manufacturer Qualifications:  Manufacturer of ready-mixed concrete products complies with ASTM C 94/C 94M requirements for production facilities and equipment. Manufacturer is certified according to NRMCA's "Certification of Ready Mixed Concrete Production Facilities."

1. The concrete supplier has successfully completed the completed National Ready Mix Concrete Association (NRMCA) pervious concrete certification and has work experience to demonstrate expertise with supplying of pervious concrete.
G. Installer Qualifications: 

1. Installer has successfully completed NRMCA's Pervious Concrete Contractor Certification program.
2. A minimum of two completed Pervious Concrete projects. The contractor shall submit evidence of two successful Pervious Concrete Pavement projects including but not limited to the Project name and address, owner name, contact information, and test results including density (unit weight), void content and thickness.
3. If the installer has insufficient experience with pervious concrete pavement, the installer shall retain an experienced consultant (as qualified above) to monitor production, handling, and placement operations at the contractor’s expense.

4. At least one member or 30% of the crew should be certified by the ACI Certified Concrete Flatwork Finisher program. 

H. Testing Agency Qualifications:  An independent agency qualified according to ASTM C 1077 and ASTM E 329 for testing indicated, as documented according to ASTM E 548.

I. Prospective contractors shall attend a pre-bid meeting where the pervious concrete pavement process will be described by industry representatives.
J. ACI Publications:  Comply with the following ACI reference standards:
1. ACI 305 “Hot Weather Concreting”

2. ACI 522 “Report on Pervious Concrete”
3. ACI Flatwork Finisher Certification Program 

4. ACI Field Technician Certification Program
K. Concrete Testing Service:  Engage a qualified independent testing agency to perform material evaluation tests and to design concrete mixtures.

L. Mockups:  Cast mockups of full-size sections of concrete pavement to demonstrate typical joints, surface finish, texture, color, and standard of workmanship.

1. Build mockups in the location and of the size indicated or, if not indicated, as directed by Owner.

2. Notify Owner seven days in advance of dates and times when mockups will be constructed.

3. Obtain Owner's approval of mockups before starting construction.

4. Maintain approved mockups during construction in an undisturbed condition as a standard for judging the completed pavement.

5. Approved mockups may become part of the completed Work if undisturbed at time of Substantial Completion. If test panels placed at the site are found to be deficient in thickness, density (unit weight) or percentage of voids, or of an unacceptable appearance, they shall be removed at the contractor’s expense and taken to an approved landfill or recycling facility

6. Quality:  Test panels shall have acceptable surface finish, joint details, thickness, porosity and curing procedures and shall comply with the testing and acceptance standards listed. 
M. Preinstallation Conference:  Conduct conference at Project site to comply with requirements in Division 1 Section "Project Management and Coordination."

1. Before submitting design mixtures, review decorative cement concrete pavement mixture design and examine procedures for ensuring quality of concrete materials and pervious concrete pavement construction practices.  Require representatives of each entity directly concerned with pervious concrete pavement construction to attend, including the following:
(a) Contractor's superintendent.

(b) Independent testing agency responsible for concrete design mixes.

(c) Ready-mix concrete producer.

(d) Pervious concrete pavement construction installer.
N. Special Equipment:  Pervious concrete requires specific equipment for compaction and jointing. The pavement shall be jointed and compacted using the methods listed.
1. Rolling compaction shall be achieved using a minimum 10-inch diameter steel pipe that spans the width of the section placed (and exerts a vertical pressure of at least 10 psi on the concrete. 
2. Plate compaction shall be achieved using a standard soil plate compactor that has a base area of at least two square feet and exerts a minimum of 10 psi vertical pressure on the pavement surface.  
3. When joints are placed in pervious pavements, they may be constructed by rolling, forming or sawing.  Rolled joints shall be formed using a “salt roller” to which a beveled fin with a minimum depth of ¼ the thickness of the slab has been welded around the circumference of a steel roller.  Sawed joints shall be constructed using an early entry or wet saw.
1.3 PROJECT CONDITIONS

A. Traffic Control:  Maintain access for vehicular and pedestrian traffic as required for other construction activities.

PRODUCTS

1.4 MANUFACTURERS

A. In other Part-2 articles where titles below introduce lists, the following requirements apply to product selection:

1. Available Products:  Subject to compliance with requirements, products that may be incorporated into the Work include, but are not limited to, products specified.

2. Products:  Subject to compliance with requirements, provide one of the products specified.

3. Available Manufacturers:  Subject to compliance with requirements, manufacturers offering products that may be incorporated into the Work include, but are not limited to, manufacturers specified.

4. Manufacturers:  Subject to compliance with requirements, provide products by one of the manufacturers specified.
1.5 FORMS

A. Form Materials:  Plywood, metal, metal-framed plywood, or other approved panel-type materials to provide full-depth, continuous, straight, smooth exposed surfaces.

1. Use flexible or curved forms for curves with a radius 100 feet or less.
B. 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.
1.6 STEEL REINFORCEMENT

1. Epoxy-Coated Joint Dowel Bars:  ASTM A 775/A 775M; with ASTM A 615/A 615M, Grade 60 (, plain steel bars.
1.7 CONCRETE MATERIALS

A. Cementitious Material:  Use one of] the following cementitious materials, of the same type, brand, and source throughout the Project:

1. Portland Cement:  ASTM C 150, Type I/II, gray.
B. Aggregate: Use Florida Department of Transportation (FDOT) No 8 coarse aggregate (3/8 to No. 16) per ASTM C 33 or No. 89 coarse aggregate (3/8 to No. 50) per ASTM D 448. If other gradation of aggregate is to be used, submit data on proposed material to Owner or Agent for approval. 

C. Water:  ASTM C 94/C 94M.
D. Air-Entraining Admixture:  ASTM C 260.
E. Chemical Admixtures:
2. Air entraining agents shall comply with ASTM C260.

3. Chemical Admixtures shall comply with ASTM C494.

4. Hydration stabilizers are permitted to be used when it is necessary to increase concrete placement time to 90 minutes and improve finishing operations.
1.8 CURING MATERIALS

A. Moisture-Retaining Cover:  ASTM C 171, polyethylene film or white burlap-polyethylene sheet.
B. Clear Waterborne Membrane-Forming Curing Compound:  ASTM C 309, Type 1, Class B.
1.9 CONCRETE MIXTURES

A. Prepare design mixtures, proportioned according to ACI 301, for each type and strength of normal-weight concrete determined by either laboratory trial mixes or field experience.

1. Use a qualified independent testing agency for preparing and reporting proposed concrete mixture designs for the trial batch method.
B. Proportion mixtures to provide normal-weight concrete with the following properties:

1. Compressive Strength (28 Days):  4000 psi.
2. Maximum Water-Cementitious Materials Ratio at Point of Placement:  0.30 

3. Slump Limit:  zero to one-inch 
C. 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:

1. Air Content:  5-1/2 percent plus or minus 1.5 percent for 1-1/2-inch nominal maximum aggregate size.

2. Air Content:  6 percent plus or minus 1.5 percent for 1-inch nominal maximum aggregate size.

3. Air Content:  6 percent plus or minus 1.5 percent for 3/4-inch nominal maximum aggregate size.

D. Limit water-soluble, chloride-ion content in hardened concrete to 0.30 percent by weight of cement.

E. Chemical Admixtures:  Use admixtures according to manufacturer's written instructions.

1. Use hydration-stabilizing admixtures in concrete, as required, for placement and workability.

2. Use water-reducing and retarding admixture when required by high temperatures, low humidity, or other adverse placement conditions.
F. Color Pigment:  Add color pigment to concrete mixture according to manufacturer's written instructions and to result in hardened concrete color consistent with approved mockup.
1.10 CONCRETE MIXING

A. Ready-Mixed Concrete:  Measure, batch, and mix concrete materials and concrete according to ASTM C 94/C 94M and ASTM C 1116.  Furnish batch certificates for each batch discharged and used in the Work.

1. When air temperature is between 85 deg F and 90 deg F, reduce mixing and delivery time from 1-1/2 hours to 75 minutes; when air temperature is above 90 deg F, reduce mixing and delivery time to 60 minutes.
B. Project-Site Mixing:  Measure, batch, and mix concrete materials and concrete according to ASTM C 94/C 94M.  Mix concrete materials in appropriate drum-type batch machine mixer.

1. For concrete mixes of 1 cu. yd. or smaller, continue mixing at least 1-1/2 minutes, but not more than 5 minutes after ingredients are in mixer, before any part of batch is released.

2. For concrete mixes larger than 1 cu. yd., increase mixing time by 15 seconds for each additional 1 cu. yd.
3. 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

1.11 EXAMINATION

A. Material:  The top 6 inches shall be composed of granular or gravelly soil that is predominantly sandy with no more than a moderate amount of silt or clay.   Granular sub-base may be placed over the subgrade.

B. Permeability:  Subgrade shall have a minimum permeability of 0.5 inch per hour determined in accordance with ASTM D3385.

C. Compaction: Compact sub-grade to a minimum 90% and a maximum 95%.  Over-compaction can inhibit subgrade percolation.  Compaction shall be in accordance with ASTM D1557.

D. Fill: If fill material is required to bring the subgrade to final elevation, it shall be clean and free of deleterious materials.  It shall be placed in 6-inch maximum layers, and compacted by a mechanical vibratory compactor to a minimum density of 90% in accordance with ASTM D1557. 

E. Moisture: The subgrade moisture content shall be 1% - 3% above optimum as determined by ASTM D1557.
F. Verify subgrade preparation, grade, and conduct permeability & density tests for conformance to project requirements.

G. Examine exposed subgrades and subbase surfaces for compliance with requirements for dimensional, grading, and elevation tolerances.

H. Proceed with concrete pavement operations only after nonconforming conditions have been corrected and subgrade is ready to receive pavement.

1.12 PREPARATION

A. Remove loose material from compacted subbase surface immediately before placing concrete.

B. Subgrade Material: The top 6 inches shall be composed of granular or gravely soil that is predominantly sandy with no more than a moderate amount of silt or clay.

C. Subgrade Permeability: Prior to placement of Portland Cement Pervious Pavement, the subgrade shall be tested for rate of permeability by double ring infiltrometer, or other suitable test of subgrade soil permeability. The tested permeability must reasonably compare to the design permeability. The compacted soil permeability shall be no less than 1 in. per hour.

D. Subgrade Support:  The subgrade shall be compacted by a mechanical vibratory compactor to a maximum density of 92% of a maximum dry density as established by ASTM D 1557 or AASHTO T 180. 

E. If fill material (embankment) is required to bring the subgrade to final elevation, it shall be clean and free of deleterious materials. It shall be placed in 8 inch maximum layers, and compacted by a mechanical vibratory compactor to a maximum density of 92 percent of a maximum dry density as established by ASTM D 1557 or AASHTO T 180.  Fill materials shall comply with Section 4.2 above.

F. The subgrade shall be in a moist condition (within +3% of the optimum moisture content as determined by the compaction test method of ASTM D 1557 or AASHTO T 180).
1.13 EDGE FORMS AND SCREED CONSTRUCTION

A. Set, brace, and secure edge forms, bulkheads, and intermediate screed guides for pavement 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.

B. Clean forms after each use and coat with form-release agent to ensure separation from concrete without damage.

1.14 JOINTS

A. 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.

1. When joining existing pavement, place transverse joints to align with previously placed joints, unless otherwise indicated.
B. 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.

1. Continue steel reinforcement across construction joints, unless otherwise indicated.  Do not continue reinforcement through sides of pavement strips, unless otherwise indicated.

2. Provide tie bars at sides of pavement strips where indicated.

3. Butt Joints:  Use epoxy bonding adhesive at joint locations where fresh concrete is placed against hardened or partially hardened concrete surfaces.
C. Isolation Joints:  Form isolation joints of preformed joint-filler strips abutting concrete curbs, catch basins, manholes, inlets, structures, walks, other fixed objects, and where indicated.

1. Locate expansion joints at intervals of 20 feet, unless otherwise indicated.

2. Extend joint fillers full width and depth of joint.

3. Terminate joint filler not less than 1/2 inch or more than 1 inch below finished surface if joint sealant is indicated.

4. Place top of joint filler flush with finished concrete surface if joint sealant is not indicated.

5. Furnish joint fillers in one-piece lengths.  Where more than one length is required, lace or clip joint-filler sections together.

6. 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.
D. 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:

1. Grooved Joints:  Form contraction joints after initial floating by grooving and finishing each edge of joint with grooving tool to a 1/4-inch radius.  Repeat grooving of contraction joints after applying surface finishes.  Eliminate groover marks on concrete surfaces.

2. 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.
E. Edging:  Tool edges of pavement, gutters, curbs, and joints in concrete after initial floating with an edging tool to a 1/4-inch radius.  Repeat tooling of edges after applying surface finishes.  Eliminate tool marks on concrete surfaces.
1.15 CONCRETE MIXING AND HAULING

A. Production: Pervious concrete shall be manufactured and delivered in accordance with ASTM C 94.

B. Mixing:  Mixtures shall be produced in central mixers or in truck mixers. When concrete is delivered in agitating or non-agitating units, the concrete shall be mixed in the central mixer for a minimum of 1.5 minutes or until a homogenous mix is achieved. Concrete mixed in truck mixers shall be mixed at the speed designated as mixing speed by the manufacturer for 75–100 revolutions.

C. Transportation:  The pervious concrete mixture may be transported or mixed on site and discharge of individual loads shall be completed within one (1) hour of the introduction of mix water to the cement.  Delivery times may be extended to 90 minutes when a hydration stabilizer is used.

D. Discharge:  Each truckload will be visually inspected for consistency of concrete mixture.  Water addition is permitted at the point of discharge to obtain the required mix consistency provided a measurable quantity is used before more than 0.5 cubic yard of concrete is discharged. A minimum of 30 revolutions at the manufacturer’s designated mixing speed shall be required following the addition of any water to the mix.  Discharge shall be a continuous operation and shall be completed as quickly as possible.  Concrete shall be deposited as close to its final position as practical and such that discharged concrete is incorporated into previously placed plastic concrete.
1.16 CONCRETE PLACEMENT

A. The Contractor shall provide either slip form or vibratory form riding equipment to place the concrete unless otherwise approved by the Owner or Engineer in writing.   Internal vibration shall not be permitted.  Unless otherwise permitted placement procedures shall utilize a mechanical vibratory screed to strike off the concrete ½” to 3/4” above final height, utilizing the form spacers described in Formwork. 

B. Placed concrete shall not be disturbed while in the plastic state. Low spots after the screeding operation shall be filled up and tamped with hand tampers.

C. Following strike-off, remove spacers and compact the concrete to the form level, utilizing a steel roller, a plate compactor or other method approved by the Owner.  Care shall be taken during compaction that sufficient compactive force is achieved without excessively working the concrete surface that might result in sealing off the surface porosity.  

D. Hand tampers shall be used to compact the concrete along the slab edges immediately adjacent to the forms.  After compaction, inspection and repair, no further finishing shall be performed on the concrete.  Surface curing shall begin immediately.

E. The pervious concrete pavement shall be compacted to the required cross-section and shall not deviate more than +/- 3/8 inch in 10 feet from profile grade.
1.17 JOINTING

A. Joints in pervious pavements can be precluded at the option of the owner.
B. Control (contraction) joints shall be installed at regular intervals not to exceed 40 feet, or two times the width of the placement.  The control joints shall be installed at 1/4 the depth (to a maximum depth of 1-1/2 inch) of the thickness of the pavement.  These joints can be installed in the plastic concrete or saw cut after the concrete has hardened.
C. Jointing plastic concrete:  Joints installed in the plastic concrete shall be constructed utilizing a small roller as described in the Special Equipment section of this specification.  When this option is used it shall be performed immediately after roller compaction and prior to curing.
D. Jointing hardened concrete:  Saw-cuts shall be made as soon as the pavement has hardened sufficiently to prevent raveling and uncontrolled cracking.  Early entry sawing occurs later with pervious concrete than with conventional concrete.  For either method, the curing cover shall be removed and the surface kept misted to prevent moisture loss.  After sawing the curing cover shall be securely replaced for the remainder of the curing cycle.

E. Transverse construction joints:  Transverse construction joints shall be installed whenever placing is suspended for 30 minutes or whenever concrete is no longer workable.
F. Isolation joints:  Isolation joints shall used when abutting fixed vertical structures such i.e. light pole bases, building foundations, etc. Isolation material shall be positioned before concrete is placed and shall be the depth of the pavement section.
1.18 CONCRETE PROTECTION AND CURING

A. Curing procedures shall begin no later than 20 minutes after final placement operations have been completed.   The pavement surface shall be covered with a minimum of six (6) mil thick polyethylene sheet or other approved covering material.   The cover shall overlap all exposed edges and shall be secured to prevent dislocation due to winds or adjacent traffic conditions. For additional guidance on hot weather concreting, see ACI 305.  

B. The low water/cement ratio and high amount of exposed surface of pervious concrete makes it especially susceptible to drying out.  Immediately after screeding, the surface shall be kept moist and evaporation prevented using a spray applied curing compound and/or evaporation retarder immediately after screeding. 

C. The curing cover shall remain securely in place for a minimum of 7 days. No vehicular traffic shall be permitted on the pavement until curing is complete and no truck traffic shall be permitted for at least 14 days. The owner has the option of permitting earlier traffic opening times.
1.19 PAVEMENT TOLERANCES

A. Comply with tolerances of ACI 117 and as follows:

1. Elevation:  1/4 inch.

2. Thickness:  Plus 3/8 inch, minus 1/4 inch.

3. Surface:  Gap below 10-foot- long, unleveled straightedge not to exceed 1/4 inch.

4. Lateral Alignment and Spacing of Tie Bars and Dowels:  1 inch.

5. Vertical Alignment of Tie Bars and Dowels:  1/4 inch.

6. Alignment of Tie-Bar End Relative to Line Perpendicular to Pavement Edge:  1/2 inch.

7. Alignment of Dowel-Bar End Relative to Line Perpendicular to Pavement Edge:  Length of dowel 1/4 inch per 12 inches.

8. Joint Spacing:  3 inches.

9. Contraction Joint Depth:  Plus 1/4 inch, no minus.

10. Joint Width:  Plus 1/8 inch, no minus.
1.20 FIELD QUALITY CONTROL

1. The owner shall employ a testing laboratory that conforms to the requirements of ASTM E329 and ASTM C1077.  All personnel engaged in testing shall be certified by the American Concrete Institute as ACI Concrete Field Technicians or equivalent.

2. Traditional Portland Cement pavement testing procedures based on strength and slump control are not applicable to this type of pavement material.
3. Concrete tests shall be performed for each 150 cubic yards or fraction thereof with a minimum of one test for each day’s placement.
4. Plastic concrete shall be sampled in accordance with ASTM C 172 and density (unit weight) measured in accordance with ASTM C 138.  The density (unit weight) of the delivered concrete shall be +/- 5 pcf of the design density (unit weight).
5. Plastic void content shall be calculated as per ASTM C138, Gravimetric Air Determination and compared to the void percentage required by the Hydraulic design.  Unless otherwise specified, void content shall be between 15 percent and 25 percent.
6. Hardened concrete shall be tested at a rate of one set of three cores per 150 cu.yd. of concrete placed on one day or fraction thereof.  The cores shall be drilled in accordance with ASTM C 42. The cores when measured for length shall not be more than 1/2 inch less than the specified design thickness.  

7. The cores shall be tested for density (unit weight) and void content using ASTM 140.  Density (unit weight) shall be +/- 5 pcf of the design unit weight.  Void content shall be not be greater than 2 percent below the specified design void content.  Void content shall calculated as follows: 
% Voids = 1 – (Dd/Di) * 100

where:  Dd = oven dried density of core

Di = immersed density of core
1.21 REPAIRS AND PROTECTION

A. Remove and replace concrete pavement that is broken, damaged, or defective or that does not comply with requirements in this Section.

B. Drill test cores, where directed by Architect, 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.

C. 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.

D. 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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