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Recommended Specifications for

Portland Cement Pervious Concrete Pavements
FORWARD
This sample specification for Portland Cement Pervious Concrete Pavement is provided as a guideline only.   Specific projects will have conditions that may require modifications to this document. 
Pervious concrete pavement does not look or behave like typical concrete pavements. The finished surface is not tight and uniform, but is open and varied. Surface irregularities and minor amounts of surface raveling are normal. Traditional concrete testing procedures for strength and slump are not applicable.  Test methods for consistency, void content control and thickness are outlined in this document to help assure a long life, drainable pavement.
Owners, architects and engineers are strongly encouraged to visit locations where pervious concrete pavement has been installed before making the decision to use the material. 

Technical assistance and installation training is available from your local cement and concrete associations. Planning, design, materials and construction information can be provided. The concrete industries of California and Nevada offer you these choices: 
· California Nevada Cement Promotion Council 
· Southern California and Southern Nevada:

David Akers (858) 437-1445 david.akers@cncpc.org
· Northern California and Northern Nevada:

Andy Youngs (916) 437-1445 andy.youngs@cncpc.org
· Concrete Promotion Council of Northern California 
· Rob Wallace (888) 633-0393 www.cpcnc.org
· Southern California Ready Mixed Concrete Association 
· Larry Maes (626) 441-3107 lmaes@scrpa.com
· Southern Nevada Concrete and Aggregates Association 

· Rich Warren (702) 283-2662 rwarren@lasvegasconcrete.com 

· Sierra Nevada Concrete Association
· Contact Andy Youngs (916) 437-1445 andy.youngs@cncpc.org
SECTION 3178 (VERIFY)

PORTLAND CEMENT PERVIOUS CONCRETE PAVEMENT

PART 1

GENERAL
1.01 Scope of Work:
A. The Work to be completed under this contract includes the furnishing of all labor, materials and equipment necessary for construction of Pervious Concrete Pavement for streets, parking & pedestrian areas in conformance with the plans and specifications.
1.02 References:

A. American Concrete Institute 
1. ACI 305 “Hot Weather Concreting”
2. ACI 522 “Pervious Concrete Committee Recommendations”  (when available)

B. American Society for Testing and Materials
1. ASTM C29  “Test for Unit Weight and Voids in Aggregate” 
2. ASTM C33  “Specification for Concrete Aggregates”

3. ASTM C42  “Test Method for Obtaining and Testing Drilled Cores and Sawed Beams of Concrete.”

4. ASTM C117  “Test Method for Material Finer than 75 microns (No. 200) Sieve in Mineral Aggregates by Washing.”

5. ASTM C138 “Test Method for Unit Weight, Yield and Air Content (Gravimetric) of Concrete.”
6. ASTM C140 “Test Method for Concrete Masonry Units
7. ASTM C150 “Specifications for Portland Cement” 
8. ASTM C172  “Practice for Sampling Fresh Concrete”

9. ASTM C260  “Specification for Air-Entraining Admixtures for Concrete”

10. ASTM C494  “Specification for Chemical Admixtures for Concrete”

11. ASTM C595  “Specification for Blended Hydraulic Cements” (Types IP or IS only)
12. ASTM C618  “Specification for Coal Fly Ash and Raw or Calcined Natural Pozzolan for Use as a Mineral Admixture in Portland Cement Concrete.”

13. ASTM C989  “Specification for Ground Granulated Blast-Furnace Slag for Use in Concrete and Mortars.”

14. ASTM C1077  “Practice for Laboratories Testing Concrete and Concrete Aggregates for Use in Construction and criteria for Laboratory Evaluation.”

15. ASTM D1557  “Tests for Moisture-Density Relations of Soils and Soil Aggregate Mixtures Using 10 Pound Rammer and 18-inch Drop.”

16. ASTM E329 “Standard Recommended Practice for Inspection and testing Agencies for Concrete, Steel and Bituminous Materials as Used in Construction.”
1.03 Quality Assurance:  

A. Prospective contractors shall attend a mandatory pre-bid meeting where the Pervious Concrete Pavement project scope and process will be defined by industry representatives deemed qualified by the owner.   
B. Prior to award the contractor shall submit evidence of two successful Pervious Concrete Pavement projects including but not limited to the following:
1. Project name and address, owner name and contact information
2. Test results including unit weight, void content and thickness
This requirement may be waived by the owner provided the contractor can demonstrate successful experience in the concrete industry and provides a test panel for inspection and testing.
C. ACI Certified Concrete Flatwork Finishers are recommended.
1.04 Special Equipment:  Pervious concrete requires specific equipment for compaction and jointing. The pavement shall be compacted using one of two methods.
A. 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. 
B. 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.  
C. If joints are specified, they may either constructed by rolling or sawing.  Rolled joints shall be formed using a “salt roller” to which a beveled fin has been welded around the circumference.  Sawed joints shall be constructed as soon as the pervious pavement can be sawed without raveling the sawed edge and before initial cracking occurs using either a dry-cut or wet saw.  At no time during the sawing process shall more pavement surface be exposed than that needed for sawing.
1.05 Submittals:  Prior to commencement of the work the contractor shall submit the following: 
A. Concrete materials:
1. Proposed concrete mixture proportions including all material weights, volumes, unit weight, water cement ratio, aggregate cement ratio and void content. 
2. Aggregate type, source and gradation data.
3. Cement, fly ash and admixture manufacturer certifications
B. Qualifications:  Evidence of qualifications listed under Quality Assurance.
C. Project details:  Specific plans, details, schedule, construction procedures and quality control plan.
D. Subcontractors:  List all materials suppliers and subcontractors to be used on the project.
1.06 Test Panels: Prior to construction, a test panel shall be placed to the satisfaction of the owner unless this requirement is waived based on contractor qualifications. 
A. Each test panel shall be a minimum of 225 sq. ft and shall be placed, jointed and cured using materials, equipment, and personnel proposed for the project.  
B. Test panel cost and removal, if necessary, shall be included as a line item in the contract proposal and contract.  
C. Quality:  Test panels shall have acceptable surface finish, joint details and porosity and shall comply with the testing and acceptance standards listed in the Quality Control section of this specification.   
D. If test panels placed at the site are found to be deficient in thickness, 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.  If test panels are found to be satisfactory, they may be left in-place and included in the completed work. 

PART 2   MATERIALS

2.01 Cement:  Portland cement Type II or V conforming to ASTM C150 or Portland cement Type IP or IS conforming to ASTM C595.
2.02 Supplementary Cementitious Materials: 

A. Fly ash conforming to ASTM C618 may be used in amounts not to exceed 25% of total cementitious material. 
B. Ground Iron Blast-Furnace Slag conforming to ASTM C989 may be used in amounts not to exceed 50% by weight of total cementitious material.
2.03 Chemical Admixtures: 

A. Air entraining agents shall comply with ASTM C260.
B. Water Reducing Admixtures shall comply with ASTM C494
C. Hydration stabilizer shall meet the requirements of ASTM C494.  Hydration stabilizers are recommended to increase concrete placement time to 90 minutes and improve placement and finishing operations. 
2.04 Aggregates:  
A. Use a maximum 3/8” coarse aggregate that meets ASTM C33 Size 8 (3/8” to No. 16).   Fine aggregate meeting ASTM C33, if used, shall not exceed 3 cu. ft.  If other aggregate sizes are proposed, testing to assure unit weight, void content and workability must be submitted for approval. 

B. Larger aggregate sizes may increase porosity but can decrease workability.  Avoid well graded aggregates as they may reduce porosity, and may not meet void specifications.

C. Where available, natural rounded aggregates are recommended.
2.05 Water: Potable water shall comply with local water standards.
2.06 Mixture Proportions:

A. Cementitious Content:  For vehicle pavements, total cementitious content not less than 630 lbs/cy. For pedestrian pavements, total Cementious not less than 600 lbs/cy.
B. Supplementary cementitious content:  Fly ash:  25% maximum.  Slag:  50% maximum
C. Water / Cementitious Ratio:  For vehicle pavements: 0.30   For pedestrian pavements:  0.35
D. Aggregate Content: The volume of aggregate per cubic yard shall be equal to 27 cubic foot when calculated as a function of the unit weight determined in accordance with ASTM C29 jigging procedure.  

E. Admixtures: Admixture shall be used in accordance with the manufacturer’s instructions and recommendations.

F. Mix Water: Mix water quantity shall be such that the cement paste displays a wet metallic sheen without causing the paste to flow from the aggregate.  Mix water yielding a cement paste with a dull-dry appearance has insufficient water for hydration.  Insufficient water results in inconsistency in the mix and poor bond strength between aggregate particles.  High water content results in the paste reducing or eliminating the void system required for porosity.

PART 3 EXECUTION
3.01 Subgrade:
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 should have a minimum permeability of 0.5 inch per hour.  One suggested test for subgrade permeability is the double ring infiltrometer as per ASTM D………………..

C. Compaction: Compact sub-grade to at least 90% Standard Proctor Density per ASTM D 698. Compaction to 95% as per ASTM D 1557 may be necessary for areas subject to vehicular traffic.  
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 95%
 as established by ASTM D1557. 
E. Moisture: The subgrade moisture content shall be 1% - 3% above optimum as determined by ASTM D1557.
F. Inspect subgrade preparation, elevations, and conduct density tests for conformance to specifications.

3.02 Formwork:

A. Forms may be of wood or steel and shall be the depth of the pavement.   Forms shall be of sufficient strength and stability to support mechanical equipment without deformation of plan profiles following spreading, strike-off and compaction operations.  Forms may have a removable spacer of ½” to ¾” thickness placed above the depth of pavement.  The spacers are removed following placement and vibratory strike-off to allow roller compaction.
3.03 Mixing and Hauling:

A. Mixing:  Truck mixers shall be operated at the speed designated as mixing speed by the manufacturer for 75 – 100 revolutions.
B. Transportation:  The Pervious concrete mixture may be transported or mixed on site and shall be used within one (1) hour of the introduction of mix water to the cement unless a hydration stabilizer is utilized in the concrete mixture.  Times may be extended to 90 minutes using a hydration stabilizer.
C. 
Discharge:  Each truckload will be inspected for consistency of concrete mixture as per the description listed under Water Content in the Materials section of this specification.  Water may be added to obtain the required mix consistency. 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 fresh concrete enters the mass of previously placed concrete.
3.04 Placing and Finishing: 
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.   
No internal vibration shall be allowed.  Normal placement procedures involve utilizing a mechanical vibratory screed to strike off the concrete ½” to 3/4” above final height, utilizing the form spacers described in Formwork. 
B. Workers shall avoid stepping on the plastic concrete immediately after its placement.
  Foot pressure can compress and force cement paste into the voids at the bottom of the slab, forming resistance to the percolation through the slab.  
Apparent defects in the surface shall be carefully remedied by placing fresh concrete into any depressions and compacting with a hand tamper.   

C. Following strike-off, remove spacers and compact the concrete to the form level, utilizing either a steel roller or a plate compactor or other method approved by the Owner. 
 This compaction secures the surface materials assuring pavement durability.  Care shall be taken during compaction that sufficient compactive force is achieved without working the concrete surface enough to seal off the surface porosity.  

D. Hand tampers shall be used to compact the concrete along the slab edges immediately adjacent to the forms.
  After compacting and defect inspection and repair, no further finishing shall be performed on the concrete.
  Surface shall be immediately cured
. 
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. 
3.05 Curing:

A. Curing procedures shall begin no longer than 20 minutes after final placement operations.   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.  Keep the surface moist using a spray applied curing compound and/or evaporation retarder immediately after screeding. 
C. The curing cover shall remain securely in place for 7 days minimum. 
No auto traffic shall be allowed on the pavement until curing is complete and no truck traffic shall be allowed for 14 days.
3.06 Jointing 
A. Pervious pavement will generate cracking similar to conventional concrete pavements.  Due to the porous surface of pervious concrete, cracking is not as readily noticeable as with an impervious concrete.  For this reason jointing is considered optional. 
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 ¼ the depth (to a maximum depth of 1½”) of the thickness of the pavement.  These joints can be installed in the plastic concrete or saw cut.  
C. Jointing plastic concrete:  Joints installed in the plastic concrete are generally rolled in utilizing a small roller with a beveled flange welded to the circumference.  This type of jointing is done immediately after roller compaction and prior to curing. 

D. Jointing hardened concrete:  Joints may be saw-cut using an early entry saw.  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.  Isolation joints:  Isolation joints shall used when abutting fixed vertical structures such i.e. light pole bases, building foundations, etc. 
3.07 Quality Control: 
A. The testing laboratory shall conform to the requirements of ASTM E329 and ASTM C1077.  All personnel engage in testing shall be certified by the American Concrete Institute as ACI Concrete Field Technicians and be able to present their wallet cards upon request.
B. Traditional portland cement pavement testing procedures based on strength and slump control are not applicable to this type of pavement material.  Concrete tests shall be performed for each 150 cubic yards or fraction thereof with a minimum of one test for each day’s placement.   
C. Plastic concrete shall be sampled in accordance with ASTM C 172 and tested for unit weight in accordance with ASTM C 29 using the jigging procedure for compaction.  The unit weight of the delivered concrete shall be +/- 5 pcf of the design unit weight. 
D. Plastic void content shall be calculated as per ASTM C138, Gravimetric Air Determination and compared to the void percentage used in Hydraulic design.  Void content shall normally be between 15% and 25%. 
E. Hardened concrete shall be tested at a rate of one set of three cores per 150 cy 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 less than the specified design thickness.  
F. The cores shall be tested for saturated unit weight using ASTM C42 and void content using ASTM C140.  Measured unit weight shall be +/- 5 pcf of the design unit weight.  Measured void content shall not be less than the void content used in the hydraulic design.
3.08 Basis of Payment

A. Pervious concrete pavement shall be paid for based on the square yard (foot) of in-place product including materials and labor.  Payment shall be reduced for the following deficiencies:
	Deficiency
	Measurement
	Payment Reduction

	Thickness
	- ½”  to – 1”
	25%

	Thickness
	Greater than – 1”
	remove and replace

	Void Content
	Less than 15%
	25%


END OF SECTION

"This specification is intended solely for use by professional personnel who are competent to evaluate the significance and limitations of the information provided and who will accept responsibility for the application of this information.  The Pacific Southwest Concrete Alliance disclaims any and all responsibility and liability for the accuracy and the application of the information contained in this publication to the full extent permitted by law." 
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�David will rewrite using descriptions of soil types


�David will investigate and verify


�out


� switch to “practical”


�Place concrete above the top of form spacer. Strike off using mechanical vibratory screed or other approved screed. Fill low spots prior to compaction.


�Task Group: Comments on this wording?   


�Avoid stepping in fresh concrete which can negatively affect water percolation through the finished product.  


� Moved to 3.1.6.4.3


�Use hand tampers along all slab edges adjacent to forms to prevent joint raveling in the finished product. 


�Moved to  below


�moved up  3.1.6.4.6


�Task Group: This wording seems clumsy, any suggestions?


�Begin curing immediately following finishing.  Do not overwork the surface which can bring up too much paste and seal off the surface porosity.


�design thickness


�Curing procedures shall begin immediately after and no longer than 20 minutes after final placement operations.   The pavement surface shall be covered with a minimum of six (6) mil thick polyethylene sheet or other approved covering material.   Prior to covering, a fog or light mist shall be sprayed above the surface when required due to ambient conditions (temperature, wind and humidity).  The cover shall overlap all exposed edges and shall be secured to prevent dislocation due to winds or adjacent traffic conditions. Follow procedures listed in  ACI 305 for hot weater.





�The curing cover shall remain securely in place for seven days minimum.  
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