Belgard Commercial - PICP Guide Specification 10/20/17

Instructions are in red text and should be deleted when the specification is complete.
[Bracketed text indicates where project specific decisions are required and should be reviewed and edited to meet the project requirements, and all brackets should be removed from finished document.]

This guide specification must be edited for project-specific requirements. It should be reviewed by a qualified civil or geotechnical engineer, architect, or landscape architect familiar with the site conditions. Supplemental quality control testing for large projects and quality assurance requirements for mechanical installation is not addressed in this guide. However, additional ongoing testing requirements for pavers and aggregates is recommended for large commercial roadway projects. In addition, the need for freeze-thaw durability testing is not required in warm-weather climates and should be edited or removed based on project location (Article 2.1.B.4). Consult a Belgard Commercial Sales Representative for project-specific specification recommendations. 
SECTION 32 14 13.19 – PERMEABLE INTERLOCKING CONCRETE PAVEMENT
PART 1 -  GENERAL

1.1 SUMMARY

A. Section Includes:

1. Work consists of furnishing and installing a Permeable Interlocking Concrete Pavement (PICP) System in accordance with these specifications and in general conformance with the lines, grades, design, and dimensions shown on the plans.
2. Installation work includes: 

a. Verifying subgrade elevations and slope generally conform to the lines, grades, infiltration rate, density, and site conditions depicted in the construction documents; 

b. Furnishing and installing geotextile and/or geomembrane liner (where required), horizontal drainage piping (where required), subbase course, base course, bedding course, edge restraint, concrete pavers and permeable joint material in general conformance to the lines and grades shown on the construction documents. 
B. Related Requirements:

1. Section 31 20 00 

Earth Moving

2. [Section 31 05 19.13 
Geotextiles for Earthwork]
3. [Section 31 05 19.16 
Geomembranes for Earthwork]
4. Section 32 11 23 
 
Aggregate Base Courses

5. Section 32 16 13

Curbs and Gutters

6. [Section 32 17 00

Paving Specialties (Parking Bumpers, Pavement Markings, 






Snow Melt Systems, Tactile Warnings)]
7. Section 33 46 14.19

Pipe Underdrains

1.2 REFERENCES
A. American Society for Testing and Materials (ASTM):

1. ASTM C33

Standard Specification for Concrete Aggregates

2. ASTM C94 
Standard Specification for Ready-Mixed Concrete
3. ASTM C131
Standard Test Method for Resistance to Degradation of Small-Sized Coarse Aggregate by Abrasion and Impact in the Los Angeles Machine

4. ASTM C136
Standard Test Method for Sieve Analysis of Fine and Coarse-Grained Aggregates

5. ASTM C140
Standard Test Methods for Sampling and Testing Concrete Masonry Units and Related Units

6. ASTM C936
Standard Specification for Solid Concrete Interlocking Paving Units

7. ASTM C979
Standard Specification for Pigments for Integrally Colored Concrete

8. ASTM C1645
Standard Test Method for Freeze-thaw and De-icing Salt Durability of Solid Interlocking Paving Units

9. ASTM C1781 Standard Test Method for Surface Infiltration Rate of Permeable Unit Pavement Systems

10. ASTM D698
Standard Test Methods for Laboratory Compaction Characteristics of Soil Using Standard Effort

11. ASTM D1557
Standard Test Methods for Laboratory Compaction Characteristics of Soil Using Modified Effort

12. ASTM D3034
Standard Specification for Type PSM Poly Vinyl Chloride (PVC) Sewer Pipe and Fittings

13. ASTM D3350
Standard Specification for Polyethylene Plastic Pipe and Fittings Materials
14. ASTM D4873
Standard Guide for Identification, Storage, and Handling of Geosynthetic Rolls and Samples

15. ASTM E2835
Standard Test Method for Measuring Deflections using a Portable Impulse Plate Load Test Device

B. Interlocking Concrete Pavement Institute (ICPI)

1. Permeable Interlocking Concrete Pavement manual (latest edition)

2. Permeable Design Pro software for hydrologic and structural design

3. Tech Specs and Technical Bulletins
1.3 SUBMITTALS

A. Contractor shall submit to the owner for approval a minimum of four full-size samples of each concrete paver type/size/thickness/color/finish specified. The samples shall represent the range of shape, texture, and color permitted for the respective type. Color(s) will be selected by Architect/Engineer/Landscape Architect/Owner from Manufacturer’s standard colors.
B. Prior to delivery of the associated material to the site, the Contractor shall submit the following product-specific documentation for approval:

1. Aggregates

a. Sieve analysis per ASTM C136 for subbase, base, bedding and joint aggregate materials

b. Minimum 3 lb. sample of each material for independent testing.

2. Concrete Pavers: 
a. Test results from an independent testing laboratory for compliance to ASTM C936.

b. [For machine installation projects, stitching details to be used during product placement.]
c. Safety Data Sheets (SDS).

3. [Geosynthetics

a. One 18-inch x 18-inch panel of each type of geosynthetic (geotextile or geomembrane Liner) to be used for inspection and testing. The sample panels shall be uniformly rolled and shall be wrapped in plastic to protect the material from moisture and damage during shipment. Samples shall be externally tagged for easy identification. External identification shall include the name of the manufacturer; product type; product grade; lot number; and physical dimensions.

b. Current National Transportation Product Evaluation Program (NTPEP) evaluation report.

c. Safety Data Sheets (SDS).]
1.4 QUALITY ASSURANCE

A. Contractor Qualifications:

1. Contractor shall submit a list of five (5) previously constructed projects of similar size and magnitude prior to the bid date to be qualified. Contact names, telephone numbers, and date of completion shall be listed for each project.
2. The Contractor’s site foreman shall hold a PICP Specialist Designation from the Interlocking Concrete Pavement Institute (ICPI). The site foreman shall be onsite for the entire installation.

3. Contractor shall conform to all local, state/provincial licensing and bonding requirements.
B. Mockups: Build mockups to verify selections made under submittals, to demonstrate aesthetic effects, and to set quality standards for materials and execution.
1. Install a 10 ft x 10 ft paver area following the installation practices described in Article 3.2 to 3.4. This area shall be used to verify joint sizes; lines; laying pattern(s); stitching details (for mechanical installation); color(s); and, texture of the job.

2. To provide a proper representation of color blend, blending during installation of sample mock-up will be pulled from a minimum of 3 cubes.
3. This area shall be the standard from which the work will be judged.
4. Subject to approval by the Owner, the mock-up may be retained as part of the finished work. If mock-up is not retained, remove and dispose of mock-up at the completion of the project.
1.5 DELIVERY, STORAGE, AND HANDLING

A. Contractor shall coordinate delivery and paving schedule to minimize interference with normal use of buildings adjacent to paving.

B. Contractor shall check all materials upon delivery to assure that the proper materials have been received and are in good condition before signing off on the manufacturer’s packing slip.

C. Contractor shall protect all materials from damage or contamination due to job site conditions and in accordance with manufacturer's recommendations. Damaged or contaminated materials shall not be incorporated into the work.

D. Concrete pavers shall be delivered to the site in steel banded, plastic banded, or plastic wrapped cubes capable of transfer by forklift or clamp lift. Unload and store concrete pavers at the job site in such a manner that no damage occurs to the product. 

E. Contractor shall handle and transport aggregates to avoid segregation, contamination, and degradation and keep different materials sufficiently separated as to prevent mixing. The material shall not be dumped or stored one material on top of another unless it is part of the installation process. Materials shall be covered to prevent removal by wind. 
F. [Geosynthetics shall be delivered, stored and handled in accordance with ASTM D4873.]
1.6 ENVIRONMENTAL CONDITIONS

A. Pavers shall not be installed during heavy rain, freezing conditions or snowfall.

B. Pavers shall not be installed on frozen soil subgrade or aggregates.

1.7 MAINTENANCE MATERIALS

A. Provide [specify quantity] square feet additional paver material for use by Owner for maintenance and repair.

B. Store extra paver materials in Owner-designated location. 

PART 2 -  PRODUCTS

2.1 PERMEABLE INTERLOCKING CONCRETE PAVERS

A. Permeable Interlocking Concrete Pavers Basis-of-Design:

1. Paver Name: [Aqualine 9L][Aqualine 4.5” x 9”][Aqua Roc II][Aqua Roc][Eco Dublin]
a. Thickness: [3-1/8 inches (80 mm)]

b. Color: [Graphite] [Foundry] [Linen] [Insert Local Color]
c. Finish: [Standard (Smooth)] [Shot Blast] [Antiqued]
d. Supplier:

[Local Oldcastle Supplier] an Oldcastle Company

[City, State] [Zip]

e. Contact Person: [Local Belgard Sales Rep] [Phone Number]

f. Substitutions: No substitutions permitted.

B. Pavers shall meet the minimum material and physical properties set forth in ASTM C 936, Standard Specification for Interlocking Concrete Paving Units.
1. Measured length or width of test specimens shall not differ by more than +/- 0.063 in, while measured thickness shall not differ by more than +/- 0.125 in.

2. Average compressive strength of 8,000 psi (55 MPa) with no individual unit under 7,200 psi (50 MPa) when tested in accordance with ASTM C140.

3. Average absorption of 5% or less with no unit greater than 7% when tested in accordance with ASTM C140.

4. [Freeze-thaw durable as tested in accordance with ASTM C1645. The average mass loss of all specimens tested shall not be greater than (A) 225 g/m2 when subject to 28 freeze-thaw cycles, or (b) 500 g/m2 when subject to 49 freeze-thaw cycles. Testing shall be conducted using a 3% saline solution.]
5. Efflorescence shall not be a cause for rejection.

6. Pigment in Concrete Pavers shall conform to ASTM C979.
2.2 AGGREGATE MATERIALS
A. General Requirements:

1. Clean, non-plastic aggregate, free from deleterious or foreign matter, manufactured from crushed rock. Recycled aggregates shall not be used.

2. Percent of angular and sub-angular particles greater than 90%. Rounded river gravel shall not be used. 
3. LA Abrasion of the aggregate used shall be less than 40 as per ASTM C131.

4. All aggregates shall be washed and have less than 2% passing the No. 200 (0.075 mm) sieve.

5. All aggregate material gradations shall be tested in accordance with ASTM C136.

B. Bedding Course/Joint Fill Material – open-graded aggregate conforming to the following gradation:
Note: No. 89 or No. 9 stone may be used as joint fill material. If No. 8 stone material is not available locally, No. 89 can be used as a bedding course if choke criteria is met with underlying base aggregate.
ASTM C33 size No. 8

Sieve Size 
Percent Passing 

1/2 in. (12.5 mm)
100


3/8 in. (9.5 mm) 
85 to 100 


No. 4 (4.75 mm) 
10 to 30 


No. 8 (2.36 mm) 
0 to 10 


No. 16 (1.18 mm) 
0 to 5


No. 200 (0.075 mm)
0 – 2
C. Base Course Material - open graded aggregate conforming to the following gradation:

ASTM C33 size No. 57

Sieve Size 
Percent Passing 


1-½ in. (37.5 mm)
100


1 in. (25 mm)
95 to 100


1/2 in. (12.5 mm)
25 to 60


3/8 in. (9.5 mm) 
0 to 10 


No. 4 (4.75 mm) 
0 to 5 


No. 200 (0.075 mm)
0 - 2

D. Subbase Course Material – open-graded aggregate conforming to the following gradation:

Note: ASTM No. 3 or No. 4 may be used as subbase material if No. 2 stone in unavailable locally.
ASTM C33 size No. 2

Sieve Size 
Percent Passing 


3 in. (75 mm)
100


2- ½ in. (63 mm)
90 to 100


2 in. (50 mm)
35 to 70


1-½ in. (37.5 mm)
0 to 15


¾ in. (19 mm)
0 to 5


No. 200 (0.075 mm)
0 – 2
2.3 EDGE RESTRAINTS

A. Edge restraints shall be cast in place concrete curbs in general conformance with the specifications and dimensions in the construction documents
2.4 [GEOSYNTHETICS
A. Geotextile and/or geomembrane liner materials shall be selected by the Design Engineer based on the intended use.
B. Only geosynthetics with a current NTPEP evaluation will be accepted.]
2.5 PIPE UNDERDRAINS

A. Where shown on the plans, pipe underdrains shall be perforated or slotted PVC pipe manufactured in accordance with ASTM D3034 or corrugated HDPE pipe manufactured in accordance with ASTM D3350 and comply with the requirements of Section 33 46 14.19 - Pipe Underdrains.

PART 3 -  EXECUTION

3.1 PREPARATION

Construction drawings and design calculations for the Permeable Interlocking Concrete Pavement System are typically prepared and stamped by a Professional Engineer registered in the state of the project. The engineering designs, techniques, and material evaluations should be completed in accordance with the ICPI Permeable Interlocking Concrete Pavements Design Manual (most current edition), and State/County/City Stormwater Regulations.
The minimum slope of the soil subgrade is typically 0.5%. However, actual slope of soil subgrade will depend on the drainage design. 


Compaction of the soil subgrade may be necessary to achieve stability under vehicle load. Compaction, however, will reduce the permeability of soils. In such cases, laboratory and on-site testing for density and soil permeability should be conducted. These can help establish a relationship between compacted density and anticipated design permeability after compaction. An experienced civil or geotechnical engineer familiar with local soil conditions should be consulted for determining project standards for the percentage of soil Proctor density and test methods for permeability. When soil compaction is required, the appropriate Proctor standard (either Standard Proctor (ASTM D698) or Modified Proctor (ASTM D1557) should be specified by the design consultant. Lower density standards are typically required for pedestrian areas while higher density standards are required for areas subject to vehicular traffic. Density and moisture should be checked in the field with a nuclear density gauge or other test methods for compliance with the specifications.

A. Prior to commencement of any work, the Contractor shall conduct a pre-construction meeting with the Owner, Designer, and affected sub-trades. The pre-construction meeting should establish contractor responsibilities and at a minimum verify:

1. The location of the mock-up, and whether it will be part of the final construction or need to be removed.

2. The site layout is in general conformance to the construction documents. In particular, the location and elevation of discharge points (if any) of the pipe underdrains.

3. The subgrade lines and elevations are in general conformance with the construction documents. The subgrade elevations shall be within +/- 0.1 ft of the specified grades.
4. The minimum slope of subgrade shall be at least 0.5% or as specified in the design.
5. Subgrade soil conditions and grades meet the requirements in the construction documents.

6. The details of the site’s erosion and sediment control plan.

7. [Panel Installation drawings for the geomembrane, including the location of any protrusions through a membrane liner where boots are required.]
B. Proof-roll prepared subgrade according to requirements in Section 31 20 00 Earth Moving to identify soft pockets and areas of excess yielding. Proceed with subbase installation only after deficient subgrades have been corrected.  Scarify subgrade surface following any stabilization efforts before installing subbase course.

C. If compaction is required in the construction documents, Contractor shall verify compaction of the subgrade is in general conformance with the construction documents prior to placing subbase materials.

D. Once the Contractor has confirmed the subgrade conditions are in general conformance with the requirements in the construction documents, the Contractor shall begin installing the subbase material. By initiating installation of the subbase material, the Contractor acknowledges acceptance of the subgrade.
3.2 INSTALLATION OF SUBBASE AND BASE COURSES

A. Keep the area where the pavement is to be constructed free from sediment during the entire job. Any materials contaminated with sediment shall be removed and replaced with clean material.
B. [Install membrane liner and any associated cushion geotextile in accordance with the manufacturer’s recommendations. The membrane liner is applied to the bottom and sides of the excavation for non-infiltration purposes and must include a drainage pipe. Allow for enough membrane liner to exceed the final elevation of the surface. After completion of the surface, the excess liner should be cut flush with the finished grade. Membrane lines shall be welded together and boots installed around all protrusions.]
C. [Install geotextiles as required in accordance with the specifications and drawings. The geotextile is applied to the bottom and sides of the excavation with overlapping joints a minimum of [12 inches] [24 inches]. Overlaps to be constructed to “shingle” moisture from upstream panel to downstream panel.  Allow for enough geotextile to exceed the final elevation of the surface. After completion of the surface, the excess geotextile should be cut flush with the finished grade.]
D. Install the subbase course and base course at the thicknesses, compaction rates, surface tolerances, and elevations outlined below.

1. Place and spread the first layer of subbase without displacing or damaging the geosynthetics (if used). To prevent damage, tracked vehicles shall not be allowed directly on the geotextiles or geomembranes during the initial spreading process of the subbase layer. 
2. The aggregate should be spread and compacted in uniform layers not exceeding 6-inch loose thickness. Compaction is performed using either a 10 T (10 ton) vibratory roller or a minimum 13,500 lb-f centrifugal force reversible vibratory plate compactor. For each lift, make at least two passes in the vibratory mode and at least two passes in the static mode and continue compaction until there is no visible movement in the materials.

3. At the specified elevation(s), install the pipe underdrains in accordance with the manufacturer’s recommendations. Ensure the pipes are sloped to provide proper drainage to the outlets. Pipes shall be surrounded by a minimum of 4 inches of base course material to prevent damage during compaction. Care must be taken not to damage pipe underdrains during subsequent aggregate installation.

4. Final subbase surface tolerance shall be plus or minus 0.1 ft over a 10-foot straight edge laid in any direction.

5. Final base surface tolerance shall be plus or minus 3/4 inch over a 10-foot straight edge laid in any direction.

6. Provide proper compaction near curbs, grade beams, concrete collars around utility structures, lights standards, tree wells, building edges and other protrusions as applicable to the project.
At the option of the designer, this supplemental test method bracketed in item E and F describing the use of a lightweight deflectometer (LWD) can be used for in-situ deflection testing of the compacted base layer (typically ASTM No. 57 stone). This test method can assist contractors in reaching adequate job site compaction and offer an additional level of confidence for the project owner and designer. This test method is appropriate for pavement subject to consistent vehicular traffic such as parking lots and roads. This test protocol is not needed for pedestrian areas and residential driveways. The LWD test method should comply with ASTM E2835. Adjust the frequency of tests based on daily tonnage. If not desired, delete E and F and G below.
E. [Before starting to place the bedding course, the base shall be inspected and approved by the Owner or the Designer.]
F. [Light Weight Deflectometer (LWD) for Compacted Base Aggregate Deflection Testing:]

1. After three preloading drops, the maximum average deflection from three additional drops shall be no greater than 0.5 mm.

2. Conduct LWD tests on every (800 tons) of remaining area of compacted base aggregates.]
G. [LWD Test Report shall include the following:

1. Project description.

2. Sketch of the test area and numbered test locations.

3. Aggregate type and layer thicknesses.

4. Aggregate characteristic properties: gradation, porosity, bulk density.

5. Compaction equipment type and weight.

6. Static and/or vibratory compaction.

7. Number of passes of the compaction equipment.

8. Average of three deflections for each location.]

3.3 INSTALLATION OF EDGE RESTRAINTS

A. All concrete edge restraints shall be constructed to dimensions and grades in general conformance with the construction documents and shall be supported on a compacted base not less than 6-inch thick and meet local requirements or the requirements of Section 32 16 13 Curbs and Gutters whichever are more restrictive. All concrete shall be in accordance with ASTM C94 requirements.
3.4 INSTALLATION OF BEDDING COURSE, PAVERS, AND JOINT MATERIAL
A. Spread the bedding course evenly over the base course and screed to a nominal 2 in. thickness utilizing an approved mechanical spreader or by screed rails and boards. Do not use the bedding material to fill depressions in the base course surface. Surface tolerances shall be +/- 3/8 inch over a 10-foot straight edge.
B. Ensure that concrete pavers are free of foreign material before installation. Concrete pavers shall be inspected for color distribution and all chipped, damaged, or discolored concrete pavers shall be replaced. Initiation of concrete paver placement shall be deemed to represent acceptance of the pavers. 

C. Lay the concrete pavers in the pattern(s) shown on the drawings. Maintain straight pattern lines. For mechanical installations, follow the stitching details as submitted and verified during the mock-up. 
D. Paving units shall be installed simultaneously from a minimum of 3 bundles for hand installations, and 6 bundles for mechanical installations to provide proper color blending.
E. Joints between the individual concrete pavers shall be uniformly maintained and installed in accordance with the in-place dimensions 
F. Fill gaps at the edges of the paved area with cut pavers or edge units. Do not install cut pavers smaller than one-third of a whole paver along edges subject to vehicular traffic – trim two pavers to fit. 

G. Cut pavers using a masonry saw or splitting device. Upon completion of cutting, the area must be swept clean of all debris. 

H. Using a low amplitude plate compactor capable of at least 5,000 lbs. (22 kN) compaction at a frequency of 75 Hz –100 Hz, compact and seat the concrete pavers into the bedding course.

I. The pavers shall be compacted to achieve consolidation of the bedding course and brought to level and profile by not less than three passes. Initial compaction should proceed as closely as possible following the installation of the paving units and prior to the acceptance of any traffic.
J. Any units that are structurally damaged during compaction shall be immediately removed and replaced.
K. Apply the joint material to the surface and sweep into the joints and voids. Fill joints and voids then sweep off excess material before vibrating the material down into the joints using a plate compactor. This will typically require two to three passes with the plate compactor. 

L. Do not compact within 6 feet of unrestrained edges of the paving units.

M. All work to within 6 feet (1 m) of the laying face must be left fully compacted at the end of each day.
N. Sweep off excess aggregate when the job is complete.

3.5 AS-BUILT CONSTRUCTION TOLERANCES
A. Final inspection shall be conducted to verify conformance to the drawings after removal of excess aggregate. All pavements shall be finished to lines and levels to ensure positive drainage at all drainage outlets and channels.

B. The final surface elevations shall not deviate more than +/- 3/8 inch under a 10 ft long straight edge.

C. Lippage shall be no greater than 1/8-inch difference in height between adjacent pavers.

D. Bond lines for the pavers shall be +/- 1/2-inch over a 50-foot string ling.

E. Verify the in-situ surface infiltration rate of the permeable pavement is a minimum of 100 in/hour using ASTM C1781.

3.6 MAINTENANCE AND PROTECTION

A. At the completion of the work, the Contractor shall provide the Owner with the manufacturer’s PICP System Operation and Maintenance Guidelines.
B. Once the work is complete, the Owner shall be responsible for protecting the work from sediment deposition and damage due to subsequent construction activity on the site.

C. [The Contractor shall return to the site after 6 months from the completion of the work and conduct an inspection of the PICP System with the Owner, Designer, and Contractor in accordance with the PICP System Operation and Maintenance Guidelines.] 

END OF SECTION 32 14 13.19
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