


SECTION 321443 - POROUS UNIT PAVING
Revise this Section by deleting and inserting text to meet Project-specific requirements.
GENERAL
SUMMARY
Section Includes:
Concrete Unit Pavers:
Concrete grid pavers.
Solid concrete pavers for porous paving.
Edge restraints.
Related Requirements:
Retain Subparagraphs below to cross-reference requirements Contractor might expect to find in this Section but are specified in other Sections.
Section 310000 "Earthwork" for excavation and compacted subgrade.
Section 321313 "Concrete Paving" for cast-in-place concrete curbs that serve as edge restraints for porous paving.
Retain first Subparagraph below if both porous and nonporous unit paving are used.
Section 321400 "Unit Paving" for nonporous unit paving [and edge restraints].
321613.23 “Precast Concrete and Granite Curbing” for [precast concrete curbs][and][granite curbs].
Section 329200 “Turf and Grasses” for grasses in porous paving. 
Section 329300 "Plants" for planting ground cover in porous paving.
REFERENCES
ASTM International
ASTM C33 - Standard Specification for Concrete Aggregates
ASTM C67 - Standard Test Methods for Sampling and Testing Brick and Structural Clay Tile
ASTM C136 - Standard Test Method for Sieve Analysis of Fine and Coarse Aggregates
ASTM C936 - Standard Specification for Solid Concrete Interlocking Paving Units
ASTM C1319 - Standard Specification for Concrete Grid Paving Units
ASTM D448 - Standard Classification for Sizes of Aggregate for Road and Bridge Construction
ASTM D698 - Standard Test Methods for Laboratory Compaction Characteristics of Soil Using Standard Effort (12 400 ft-lbf/ft3)
ASTM D1557 - Standard Test Methods for Laboratory Compaction Characteristics of Soil Using Modified Effort (56,000 ft-lbf/ft3)
ASTM D2940 - Standard Specification for Graded Aggregate Material for Bases or Subbases for Highways or Airports
ASTM D4355 - Standard Test Method for Deterioration of Geotextiles by Exposure to Light, Moisture and Heat in a Xenon Arc-Type Apparatus ASTM
D4491 - Standard Test Methods for Water Permeability of Geotextiles by Permittivity
ASTM D4751 - Standard Test Methods for Determining Apparent Opening Size of a Geotextile
PREINSTALLATION MEETINGS
Retain "Preinstallation Conference" Paragraph below if Work of this Section is extensive or complex enough to justify a conference.
Preinstallation Conference: Conduct conference at [Project site] <Insert location>.
<Insert requirements>.
SUBMITTALS
Submittals for this section are subject to the re-evaluation fee identified in Article 4 of the General Conditions.
Manufacturer’s installation instructions shall be provided along with product data.
Submittals shall be provided in the order in which they are specified and tabbed (for combined submittals).
Product Data:
For the following:
Pavers.
Edge restraints.
Geotextiles.
[bookmark: _Hlk171592409][bookmark: _Hlk171674133]USE PARAGRAPH BELOW WITH EPD REQUIREMENT WHEN PROJECT ESTIMATE IS $1M OR MORE.
Submit an Environmental Product Declaration (EPD) from the manufacturer for concrete pavers within this specification section, if available. A statement of the contractor’s good faith effort to obtain the EPD shall be provided if not available.
Manufacturer-provided EPDs must be Product Specific Type III (Third-Party Reviewed), in adherence with ISO 14025 Environmental labels and declarations, ISO 14044 Environmental management – Life cycle assessment, and ISO 21930 Core rules for environmental product declarations of construction products and services.
Sustainable Design Submittals:
[bookmark: userSustainabilityTopic_8_1]Retain "Environmental Product Declaration (EPD)" Subparagraph below for LEED v4 "MRc Building Product Disclosure and Optimization - Environmental Product Declarations." See the Evaluations. Verify, with manufacturer, that EPDs are available for each product.
Environmental Product Declaration (EPD): For each product.
Qualification Data: For Installer.
Instead of "Material Certificates" Paragraph below, retain "Product Test Reports" Paragraph below if the added assurance of quality that test reports provide is required.
Material Certificates: For unit pavers. Include statements of material properties indicating compliance with requirements, including compliance with standards. Provide for each type and size of unit.
Product Test Reports: Based on evaluation of comprehensive tests performed by a qualified testing agency, for unit pavers, indicating compliance with requirements.
Retain first Subparagraph below for grid paving units if verification of durability is required.
For grid paving units, include durability test data based on testing according to proven field performance requirements of ASTM C1319 performed on units subjected to three years' exposure to same general type of environment, temperature range, and traffic volume as Project.
Retain Subparagraph below for solid interlocking paving units if compliance with freezing and thawing test is specified and testing is required.
For solid interlocking paving units, include test data for freezing and thawing according to ASTM C67.
QUALITY ASSURANCE
Installer Qualifications: Installation shall be by a contractor and crew with at least one year of experience in placing unit pavers on projects of similar nature. 
DELIVERY, STORAGE, AND HANDLING
Store pavers on elevated platforms in a dry location. If units are not stored in an enclosed location, cover tops and sides of stacks with waterproof sheeting, securely tied.
PRODUCTS
CONCRETE UNIT PAVERS
[bookmark: userSustainabilityTopic_254_1]"Regional Materials" Paragraph below applies to LEED v4; delete if LEED requirements do not apply to Project.
Regional Materials: Manufacture concrete pavers within 100 miles of Project site from aggregates[ and cementitious materials] that have been extracted, harvested, or recovered, as well as manufactured, within 100 miles of Project site.
Source Limitations: Obtain each type of paver from single source that has resources to provide materials and products of consistent quality in appearance and physical properties.
"Concrete Grid Pavers" Paragraph below applies to most standard grid paving units. ASTM C1319 requires compressive strength of 5000 psi and minimum thickness of 3-1/8 inches. ASTM C1319 contains no requirement for freeze-thaw resistance, only a requirement for durability based on three years' "proven field performance" in "the same general type of environment, temperature range, and traffic volume."
Concrete Grid Pavers: Grid paving units complying with ASTM C1319, made from normal-weight aggregates.
Retain one thickness from options in "Thickness" Subparagraph below. Minimum thickness for pavers complying with ASTM C1319 is 3-1/8 inches. If grass or ground covers are used with pavers, units should be thick enough to provide adequate depth of soil fill.
Thickness: [3-1/8 inches] [3-1/2 inches] [4 inches].
Face Size and Shape: [As indicated].
Opening Percentage: <Insert number> percent.
Color:  As selected by Director’s Representative from manufacturer's full range.
"Solid Concrete Pavers for Porous Paving" Paragraph below applies to standard solid concrete pavers that are shaped to provide drainage holes in the assembled pavement. Units complying with Paragraph below will not provide as much open area as grid paving units complying with Paragraph above and do not comply with requirements for porous paving for LEED-NC, LEED-CS, or LEED for Schools Credit SS 7.1, but they may help comply with LEED-NC, LEED-CS, or LEED for Schools Credit SS 6.1 and Credit SS 6.2. ASTM C936 limits length-to-thickness ratio to no more than 4:1 (to provide interlocking effect); it limits face area to no more than 101 sq. in. and requires compressive strength of 8000 psi. ASTM C936 requires units to be freeze-thaw resistant but gives manufacturer the option of either "proven field performance," which it does not define, or laboratory tests according to ASTM C67. Revise Paragraph below if units made from lightweight aggregates are required.
Solid Concrete Pavers for Porous Paving: Solid interlocking paving units of shapes that provide openings between units, complying with ASTM C936 [, resistant to freezing and thawing when tested according to ASTM C67], and made from normal-weight aggregates.
Retain one thickness from options in "Thickness" Subparagraph below. If grass or ground covers are used with pavers, units should be thick enough to provide adequate depth of soil fill.
Thickness: [2-3/8 inches] [3-1/8 inches] [3-1/2 inches] [4 inches].
Face Size and Shape: [As indicated].
Opening Percentage: <Insert number> percent.
Color:  As selected by Director’s Representative from manufacturer's full range.
EDGE RESTRAINTS
Delete this article if no edge restraints or if these items are specified in other Sections. Other sizes and configurations are available besides those indicated below. See manufacturers' catalogs.
Second option in "Plastic Edge Restraints" Paragraph below describes Pave Tech's "Industrial" edging. Plastic edge restraints are installed below grade, so color is not a concern.
Plastic Edge Restraints: Triangular PVC extrusions, [1-3/4 inches high by 3-1/2 inches wide] [3-1/8 inches high by 9-1/2 inches wide], designed to serve as edge restraints for unit pavers; rigid type for straight edges and flexible type for curved edges, with pipe connectors and 3/8-inch- diameter by 12-inch- long steel spikes.
Manufacturers: Subject to compliance with requirements, provide products by one of the following:
Cambridge Pavers, Inc., PO Box 157 - Lyndhurst, NJ 07071, (201) 933-5000.
Dimex Corporation, 28305 State Route 7, Marietta, OH 45750, (740) 374-3100.
Oly-Ola Edgings, Inc, 124 E. Saint Charles Road, Villa Park, IL 60181, (800) 334 – 4647.
Pave Tech Inc, PO Box 576, Prior Lake, MN 55372, (952) 226-6400.
[bookmark: ptBookmark5245]Sure-loc Edging Corporation, 310 E 64th St, Holland, MI 49423, (800) 787-3562
Approved equivalent.
Steel Edge Restraints: Painted steel edging, [3/16 inch thick by 4 inches high] [1/4 inch] thick by 5 inches high], with loops pressed from or welded to face to receive stakes at 36 inches O.C., and with steel stakes 15 inches long for each loop.
Manufacturers: Subject to compliance with requirements, provide products by one of the following:
Border Concepts, Inc., 7621 Little Avenue, Suite 426, Charlotte, NC 28226, (800) 845 - 3343
Collier Metal Specialties, Inc., 3333 Miller Park S, Garland, TX 75042, (972) 494-3900
J. D. Russell Company (The), P.O. Box 36795, Tucson, AZ 85740, (800) 888 - 7425
Sure-loc Edging Corporation, 310 E 64th St, Holland, MI 49423, (800) 787-3562
Approved equivalent.
Retain "Color" Subparagraph below if edge restraints are installed above grade and color is a concern.
Color:  As selected by Director’s Representative from manufacturer's full range.
Aluminum edge restraints are generally installed below grade, so color is usually not a concern. Aluminum edging normally has a mill finish.
Aluminum Edge Restraints: [Straight, 1/8 inch thick by 4 inches high] [Straight, 3/16 inch thick by 4 inches high] [L-shaped, 1/8 inch thick by 1-3/8 inches high] [L-shaped, 3/16 inch thick by 2-1/4 inches high] extruded-aluminum edging, with loops pressed from face to receive stakes at 12 inches O.C., and with aluminum stakes 12 inches long for each loop.
Manufacturers: Subject to compliance with requirements, provide products by one of the following:
Curv-Rite, Inc., 3603 10th St C, Wayland, MI 49348, (269) 792 - 0044
Permaloc Corporation, 13505 Barry St, Holland, MI 49424, (616) 399 - 9600
Sure-loc Edging Corporation, 310 E 64th St, Holland, MI 49423, (800) 787-3562
Approved equivalent.
Insert other materials (pressure-treated wood, stone, etc.) used for edge restraints if not included in other Sections.
<Insert requirements>.
AGGREGATE SETTING-BED MATERIALS
[bookmark: userSustainabilityTopic_230_1]"Regional Materials" Paragraph below applies to LEED V4. Delete if LEED requirements do not apply to Project.
Regional Materials: Manufacture, extract, harvest, or recover aggregate[ and soil] within 100 miles of Project site.
[bookmark: OLE_LINK21]Review the subbase and base course requirements in Section 310001 carefully before utilizing either Subparagraph below. For heavy-duty applications, consult highway-department requirements and revise to suit Project. See the Evaluations.
Delete Paragraph if subbase is not required.
Graded Aggregate for Subbase: Sound crushed stone or gravel complying with requirements in Section 310001 "Earthwork Materials" for subbase material.
Graded Aggregate for Base Course: Sound crushed stone or gravel complying with requirements in Section 310001 "Earthwork Materials" for base-course material.
Generally, retain "Sand for Leveling Course" or "Soil Mix for Leveling Course" Paragraph below for grid paving units planted with grass or ground cover. Soil mix will not drain as well as sand, and may not support heavy loads as well as sand, but it will provide a better environment for plants.
[bookmark: OLE_LINK15][bookmark: OLE_LINK22]Sand for Leveling Course: Sound, sharp, washed, natural sand or crushed stone complying with requirements in Section 310001 “Earthwork Materials” for Sand Leveling Course material. 
[bookmark: OLE_LINK17]Soil Mix for Leveling Course: Sound, sharp, washed, natural sand or crushed stone blended with planting soil according to Section 310001 “Earthwork Materials”. 
[bookmark: OLE_LINK19]"Graded Aggregate for Leveling Course" Paragraph below is recommended instead of "Sand for Leveling Course" or "Soil Mix for Leveling Course" Paragraph above for pavers used with aggregate fill. No. 8 stone is 1/2 inch and smaller; No. 9 is 3/8 inch and smaller.
[bookmark: OLE_LINK20]Graded Aggregate for Leveling Course: Sound crushed stone or gravel complying with requirements in Section 310001 “Earthwork Materials” for Graded Aggregate.
Generally, delete "Separation Geotextile" Paragraph below and retain "Drainage Geotextile" Paragraph below instead. See the Evaluations. Retain "Separation Geotextile" Paragraph below if a separation geotextile is used between subgrade and aggregate setting bed. Revise requirements to suit Project. Project's geotechnical report may include recommendations. 
Separation Geotextile: Woven geotextile fabric, manufactured for separation applications; made from polyolefins or polyesters, with elongation less than 50 percent; complying with AASHTO M 288 and the following, measured according to test methods referenced:
Survivability classification rates a geotextile's ability to withstand installation stresses and is divided into three classes by AASHTO M 288. Class 2 is default class recommended by AASHTO M 288 for separation geotextile applications.
Survivability: Class 2; AASHTO M 288.
Requirements in "Apparent Opening Size," "Permittivity," and "UV Stability" Subparagraphs below correspond to default values in AASHTO M 288 for Class 2 separation geotextiles.
Apparent Opening Size: No. 60 sieve, maximum; ASTM D4751.
Permittivity: 0.02 per second, minimum; ASTM D4491.
UV Stability: 50 percent after 500 hours' exposure; ASTM D4355.
Retain "Drainage Geotextile" Paragraph below if nonwoven geotextile is used between aggregate base and leveling course. Also retain for use below aggregate base and subbase if porous paving is intended to provide stormwater infiltration into subgrade. Geotechnical report may also include geotextile recommendations.
Drainage Geotextile: Nonwoven needle-punched geotextile, manufactured for subsurface drainage applications, made from polyolefins or polyesters; with elongation greater than 50 percent; complying with AASHTO M 288 and the following, measured according to test methods referenced:
Retain "Survivability" Subparagraph below if AASHTO M 288 survivability classification is required. Survivability classification rates a geotextile's ability to withstand installation stresses and is divided into three classes by AASHTO M 288. Class 2 is default class recommended by AASHTO M 288 for subsurface drainage applications. Revise to Class 1 if higher strength is required or to Class 3 if lower strength is permitted.
Survivability: Class 2; AASHTO M 288.
Requirements in "Apparent Opening Size," "Permittivity," and "UV Stability" Subparagraphs below correspond to default values in AASHTO M 288 for Class 2 drainage geotextiles.
Apparent Opening Size: No. 40 sieve, maximum; ASTM D4751.
Permittivity: 0.5 per second, minimum; ASTM D4491.
UV Stability: 50 percent after 500 hours' exposure; ASTM D4355.
FILL MATERIALS
Retain "Soil Fill for Porous Paving" Paragraph below for pavers planted with grass or ground cover.
Soil Fill for Porous Paving: Planting soil according to Section 310001 “Earthwork Materials”. 
Retain "Aggregate Fill for Porous Paving" Paragraph below for solid concrete pavers and for grid paving units used without planting. No. 8 stone is 1/2 inch and smaller; No. 9 is 3/8 inch and smaller.
Aggregate Fill for Porous Paving: Graded, sound, crushed stone or gravel complying with the requirements of Section 310001 “Earthwork Materials” for Graded Aggregate.
Retain "Grass Seed" Paragraph below for grid paving units used with grass.
Grass Seed: Comply with requirements in Section 329200 "Turf and Grasses."
EXECUTION
PREPARATION
Proceed with porous paver installation only after subgrades have been compacted and deficient subgrades have been corrected and are ready to receive [subbase and ]base course for porous paving. 
Comply with the applicable requirements for preparation of subgrades specified in Section 310000 “Earthwork”. 
INSTALLATION, GENERAL
Do not use unit pavers with chips, cracks, voids, discolorations, and other defects that might be structurally unsound or visible in finished work.
Mix pavers from several pallets or cubes, as they are placed, to produce uniform blend of colors and textures.
Cut unit pavers with motor-driven masonry saw equipment to provide clean, sharp, unchipped edges. Cut units to provide pattern indicated and to fit adjoining work neatly. Use full units without cutting where possible. Hammer cutting is not acceptable.
Tolerances:
Variation in Plane between Adjacent Units (Lipping): Do not exceed 1/16-inch unit-to-unit offset from flush.
Variation from Level or Indicated Slope: Do not exceed 1/8 inch in 24 inches and 1/4 inch in 10 feet or a maximum of 1/2 inch.
Provide edge restraints as indicated. Install edge restraints before placing unit pavers.
Retain first Subparagraph below if plastic or metal edge restraints are retained in Part 2. If job-built edge restraints are required, indicate details on Drawings.
Install edge restraints to comply with manufacturer's written instructions. Install stakes at intervals required to hold edge restraints in place during and after porous paver installation.
For metal edge restraints with top edge exposed, drive stakes at least 1 inch below top edge.
If curbs are indicated, install curbs before placing unit pavers.
First Subparagraph below is for sloping curbs set below finished grade and covered with soil and grass or ground cover.
Set curbs with top edge 1 inch below top of pavers. 
Subparagraph below is for curbs that are essentially flush with pavers or set above pavers.
Set curbs with top surface [1/2 inch] [2 inches] [4 inches] above top of pavers. 
INSTALLATION OF SETTING-BED
Review compaction requirements specified in Section 310000 “Earthwork” and coordinate with that Section to ensure that compaction for subgrade under concrete pavers is correctly specified. Paragraph below is an example only; revise to suit Project.
Compact subgrade as specified in Section 310000 “Earthwork”. 
Revise overlap in first Paragraph below to 24 or 36 inches for weak subgrade. Delete if geotextile is not required. Retain second option if porous paving is designed to provide stormwater infiltration into subgrade.
Place [separation] [drainage] geotextile over prepared subgrade, overlapping ends and edges at least 12 inches.
Place aggregate [subbase] [and] [base] as specified in Section 310000 “Earthwork”.
Retain first Paragraph below if needed for open-graded subbase material to prevent base course from washing into subbase.
Place drainage geotextile over compacted subbase, overlapping ends and edges at least 12 inches.
Retain first Paragraph below for open-graded base-course material to prevent leveling course from washing into base course.
Place drainage geotextile over compacted base course, overlapping ends and edges at least 12 inches.
Place leveling course, and screed to a thickness of [1 to 1-1/2 inches] [2 to 2-1/2 inches] [3 inches], taking care that moisture content remains constant and density is loose and constant until pavers are set and compacted.
INSTALLATION OF PAVERS
Set unit pavers on leveling course, being careful not to disturb leveling base. If pavers have lugs or spacer bars to control spacing, place pavers hand tight against lugs or spacer bars. If pavers do not have lugs or spacer bars, place pavers with a 1/16-inch-minimum and 1/8-inch-maximum joint width. Use string lines to keep straight lines. Fill gaps between units that exceed [3/8 inch] with pieces cut to fit from full-size pavers.
When installation is performed with mechanical equipment, use only unit pavers with lugs or spacer bars on sides of each unit.
Compact pavers into leveling course with a low-amplitude plate vibrator capable of a 3500- to 5000-lbf compaction force at 80 to 90 Hz. Use vibrator with neoprene mat on face of plate or other means as needed to prevent cracking and chipping of pavers. Perform at least three passes across paving with vibrator.
Compact pavers when there is sufficient surface to accommodate operation of vibrator, leaving at least 36 inches of uncompacted pavers adjacent to temporary edges.
Before ending each day's work, compact installed concrete pavers except for 36-inch width of uncompacted pavers adjacent to temporary edges (laying faces).
As work progresses to perimeter of installation, compact installed pavers that are adjacent to permanent edges unless they are within 36 inches of laying face.
Before ending each day's work and when rain interrupts work, cover pavers that have not been compacted and leveling course on which pavers have not been placed with nonstaining plastic sheets to protect them from rain.
Retain first two Paragraphs below if porous paving is planted with grass. Retain first Paragraph below if ground cover is used (ground covers are specified in Section 329300 "Plants").
Place planting soil as follows, immediately after vibrating pavers into leveling course. Spread and screed planting soil level with tops of pavers. Vibrate pavers and add planting soil until porous paving is filled to about 3/4 inch from top surface; remove excess planting soil if any.
Before ending each day's work, place planting soil in installed porous paving except for 42-inch width of unfilled paving adjacent to temporary edges (laying faces).
As work progresses to perimeter of installation, place planting soil in installed paving that is adjacent to permanent edges unless it is of laying face.
Before ending each day's work and when rain interrupts work, cover paving that has not been filled with nonstaining plastic sheets to protect it from rain.
After filling pavers with planting soil, sow seed according to Section 329200 "Turf and Grasses," except sow seed at half the rate specified for seeding lawns. Sweep seed from surfaces of pavers into voids and water with fine spray.
Within 24 hours after sowing seed, spread an additional 3/16 inch of uncompacted planting soil over seed and soak with water.
Retain first Paragraph below if aggregate fill is used.
Place graded aggregate fill immediately after vibrating pavers into leveling course. Spread and screed aggregate fill level with tops of pavers.
Before ending each day's work, place aggregate fill in installed porous paving except for 42-inch width of unfilled paving adjacent to temporary edges (laying faces).
As work progresses to perimeter of installation, place aggregate fill in installed paving that is adjacent to permanent edges unless it is within 42 inches of laying face.
Before ending each day's work and when rain interrupts work, cover paving that has not been filled with nonstaining plastic sheets to protect it from rain.
As work progresses, remove and replace pavers that are loose, chipped, broken, stained, or otherwise damaged or that do not match adjoining units. Provide new units to match adjoining units and install in same manner as original units, with same joint treatment and with no evidence of replacement.
MAINTENANCE AND PROTECTION
Retain this article if porous paving is planted with grass or ground cover. Retain first Paragraph below only if pavers are planted with grass. Maintenance of ground covers after planting is specified in Section 329300 "Plants."
Water newly planted grass and keep moist until grass is established. Maintain grass that is planted in paving to comply with requirements in Section 329200 "Turf and Grasses."
Erect barricades and warning signs as required to protect newly planted areas from traffic. Maintain barricades for [60] days after planting.
END OF SECTION 321443
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