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Summary

Due to national environmental regulations, permeable interlocking concrete pavement (PXZP) is e
periencing rapid growth in North AmericaDesign and regulatory frameworks fawareness of
sustainable design such as low impact development (LID) have embraced permeable paement s
lutions. In 2006, PICP industry guidelines were updated and published by the Interlocking Co
crete Pavement Institute (ICPI)These comprehensivelyddress design, specificatiorsnstric-

tion, and maintenance As a fairly new stormwater management technology in North America,
PICP designers and users have requested an industry education program to help ensurergualified i
stallation contractors In response, ICPI is developing a PICP certification course for contractors
and to support this need as well as increase PICP exposure and technical credibiitpaper
provides an overview of the program in development.

1. INTRODUCTION

The Interlocking Conete Pavement Institute is developing and education program for theamnstall
tion of permeable interlocking concrete pavements (PIQmg is in response to the rapid growth
in the United States and Canada, especially as national, state/provincial dnmédatations are
mandating reduction of stormwater runoff and water pollutibime purpose of this paper is to hig
light aspects of the course objectives and content that relate to PICP performance.

The course follows from the successful ICPI Level Itified Concrete Paver Installer course.
Since its inception in 1995, over 080 persons have taken the td@y course and exanA ratio-
nale and summary of this course can be four{&mith, 1998. The course curriculum is found in
ICPI Level | Concret Paver Installer Certification Figram[ICPI, 200§.

A PICP course certificate of completion is earned by individuals and is not ascribed to the company
or employer. The course is expected to help meet demand for industry verification of contractor
knowledge and exgsience. This is understood as an important marketing component in advancing
PICPs rtionally as well as in local markets.
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2. COURSE PARTICIPANTS, OBJECTIVES AND USES

2.1 Communicate industry establishedquidelines for PICP installers

The course cdents represent the industry consensus on best practices for PiRatam. This
certificate is intended for experienced contractors and is aimed at contractors who are presently
doing commercial segmental paving projects, or to those who wish to imovthat market via

PICP work. This two-day course is aimed at foreman and higher company persannadidition,

the course may be of interest to design professionals and municipal stormwater managemmgnt age
personnel

2.2 Broaden, evaluate and recogneknowledge

Participants whauccessfully complete the course and pass a written exam receive a technician ce
tificate of completion.This catificate affirms their commitment to gaining career recognitibhe
certificate is valid for five years and thes renewable annually with a fedll those taking the

PICP course must be certified as having taken the ICPI Level | Certified Concrete Paver Installer
course and passed the exaifhis perquisite course provides fundamental information on project
plaming, estimating and job costing, soils, compactimseand paer materials and installation.

2.3 Provide credible promotion by the individual contractor and by the ICPI

ICPI will be promoting PICP installer teciwnan certificate of completion through teschnical and
marketing literature, guidspecificationsand web site, as well as by ICPI producer members and
installation companies with certified installerShe PICP installer technician certificate stays with

the participating individual and is nlke st owed on the company or t
Therefore, it is a portable credential that can move with the participating individuhlitional
credillity can come from the number of years in the contracting business installing PICP.

2.4 Creating/contributing to a perception of value to PICP

A PICP installer technicianectificate of completion can identify individuals who dego excel in

PICP construction.This is important to homeowners, architects, landscape architects, engineers,
generalcontractors,and stormwater managers as they influence the selection of PICP contractors.
By issuing a certificate of completion, the ICPI acknowledges that the person has taken the course
and sucessfully passed the exarmhe ICPI does not certify or guartee the quality of the work by

the person or the contracting compaie certificate demonstrates that the person has a besic le

el of knowledge in PICP constructiorAll participants agree to indemnify and hold harmless the
ICPI, its officers, membsrand staff from any claims due to negligence, omission, faulty paving
materials,or workmanship on the part of the applicafhe certificate of completion does not gua

ify an installer for membership in ICPI

3. COURSE CONTENT

The following provides an oline of the courseHighlights from each section follow

3.1 Section 1i Introduction

The Course: ObjectivePrerequisitesand Benefits

Registration and Course Procedures

A Brief Overview of Permeable Intecking Concrete Pavement
Overview: Component®f the System/Comparison to Other Pavements
Types of Designs/Installations

> I I D I
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A primary purpose of this section is to deberPICP omponents as shown in Figure 1.

Concrete Pavers

Permeable Joint Material
Open-graded
Bedding Course

Open-graded
Base Reservoir

Open-graded
Subbase

(as required)

Optional Geotextile
Under Subbase

Uncompacted Subgrade Soil

Figure 1. Typical PICP components.

Establishing uniform and consistent terms thatrradevarious PICP components is defined at the
start of the courseln addition, the PICP cross section is compared to conventionatssante-
locking concrete pavement cross section so participants clearlystamgkthe differences between
these twdypes of paving The three types of PICRu®e/subbase exfiltration design options are also
presented These include no exfiltration with no perforated drain pipes, partial exfiltration using
perforated drain pipes to remove water that cannot be ibdidtiato the soil subgrade, and no exfi
tration that uses an impermeable liner (typically polyvinyl chloride, high density polyethylene or
ethylene propylene diene monomer) under the base penetrated by drairPaigesd or no exfilta-

tion designs combied with water harvesting systems for irrigation or building gray water use are
briefly covered.

A key construction item for all PICP projects includes managing water that exceeds the
base/subbase storage and soll infiltration capacity of the sy&iroess water can exit throughmpe

forated pipes in the base, overflow from the surface in selected areas and drain into a grass
swale/bioswale, or directly into a storm sewer inlet via surface runaffanpipesin the base.
Figures 2, 3 and 4 illustrate & approachesDrains are typically placed prior to subbase stone
placement and compactiorthe PICP contractor can be responsible for building or connecting to
these overflow drainage methods.

Figures 2, 3 and.4PICP construction typically includes theds to drain water from that cannot be
stored in the base or infiltrated into the sdihese includelrainpipeswithin the base, or managing
surface overflow by directing water tdoaswales or storm sewer inlet.

3.2 Section 2i Job Planning and Document&on

Critical Factors for Successful Installations.

Site Plans, Bid Documents, and Cost Recovery.
Submittals.

Method Statement.

> > > >
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Figure 2. Figure 3. Figure 4.

The purpose of this section is to present a checklist of site factors that affect gcopdule and
costs This assists the contractor in planning job executkeactors can incde:

Scope of work

Bonds and insurances

Wage requirements for publicly funded projects

Equipment accessibility

Erosion and sediment control.

Site/material acess and flow

Staging/lay dowrareas

Labor estimates by job function

Material packaging, paver layout and laying face delivery for manual or mechanicahinstall
tion.

Material delivery/timing

Grades/elevation benchmarks

Installation schedule and weathe

Installationschedule.

Mobilization costs

Test requirements for soils, subbase/base and bedding materials, concrete pavers, etc.

I I I T D D
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The section on submittals prepares the contractor for the types of matpraififies,and test e-

sults that may be reqgqed in commercial project specificatiorssnce many PICP projects arento

mercial in nature The method statement is encouraged within project specifications and it provides
an opportunity for the contractor to document how the project will be execliteimethod stat

ment can be supported by project plans showing materials locations and construction timing of
each It also includes expected productivity rates using manual or mechanical installEtieme-

thod statement is pvided to the general conr act or and project ownero
construction meetingThis meeting is considered essential establishing acceptance methods for e
cavation, geotextile (if used), subbase and base, bedding, pavers and jpatgngls.and instak-

tion, as well aslrainage and edge restraints.

3.3 Section 3i Estimating Quantities, Job Layout and Flow

-

Job layout for Excavation

Excavating Soil and Storm Water Prevention Plans
EstimatingGeotextile SubbaseBase,and Bedding Materials
Estimating Jointingind Paver Materials

Flow of Materials, Equipmenand Site Cleanliness

> > > > >
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Most of this section focuses on material quantity estimating for the subbase/base and Ipedding i
cluding the conversion of tons delivered to area/depth fill€dble 1 illustrates aexample from

the course of jointing materials required and indicates differences based on the percentage of open
suface area within the paving units.

Table 1 Jointing material estimates for typical PICP joint widths for a 1860 nf project.

MATERIAL JOINT WIDTH % OPENING (T YPICAL) QUANTITY
ASTM Nos. 8, 89 or 9 stone Up to 6 mm < 9% 18.6t
6 mmto 12 mm > 9% 37.2t

A major difference in conventional interlocking concrete pavement and PICP is the need-to mai
tain clean stone materials during PICP ¢aridion. Stone materials contaminated with dirt aed s
diment from handling, storage or vehicles can render such materials unusable and in eeed of r
placement during constructiorfhis can impose unwanted costs and schedule delays.section
covers low to manage the flow of materials, equipment and execute best practices for keeping
equipment clean and handling aggregates to prevent contamink&borarger projects, this might
include temporarily covering the installed base with geotextile anthdayer stone to provide a
riding surface for construction vehicleAnother approach may be to construct temporary roads for
material delivery and subcontractor udeor large projects, the truck tire washing equipment may
be beneficiaht the projecentrance.

3.4 Section 4i Soil Characteristics
A Site Characteristics Beneficial to PICP

A Soil Types and Infiltration Rates
A Why the Soil Is Not Compacted
A Geotextiles: Purpose and Uses

The course reviews site characteristics beneficial to PI@&ny of thesecan be found in the ICPI
manual,Permeable Interlocking Concrete Pavemd®nith, 2006. While soils evaluation anah+
filtration testing are conducted by the design engineer, the course provides the contractor with i
formation on this subjectAs PICP poject areas, loads and costs increase, and as soil infiltration
rates decrease, the need for soil infiltration tests increaBas.course reviews the importance of
soll infiltration testing procedures and their results using a deuiganfiltrometer.

PICP is usually built over native, undisturbed solM&ative soils have some natural compaction and
their natural, irplace density increases as the excavation depth incréadele some projects may
require a compacted soil subgrade, the course vegaiast compacting soils under PICP other than
grading and trimming for drainageCompaction greatly reduces soil infiltrationlhere will be
equipment passing over the soil subgrade surface and this will bring some compkHcteever,
compaction incidntal to construction equipment is not near the same density or depth brought
about by compacting soil uniformly with compaction equipment typical to parking lot or road co
struction.

A decrease in soil infiltration can be acceptable if the infiltratida oh the soiwhen compacted

was initially considered during design and in drainage calculatibizsvever, this should be ver

fied at the preconstruction meeting with the design engine@ompaction (or supplementary stab
lization) of low CBR soils (<4%) may be necessary to attain sufficient structural support and to
minimize rutting from vehicular traffic. These soils should be compacted to at least 95% mf sta

dard Proctor density Subsurface drains in the opgraded subbase will likely be requiréeal re-

move water since compaction wil/ greatly redu
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Specifications and minimum physical requirements for geotextiles for separation and drainage can
be found in American Association of State Highway and Transportation Offici#A&8HTO M-

288, NRGeotextile Specifi (AASHTO, R09D4. Fav vehiddlargppiwa y A
cations, highguality woven geotextile fabric should be specified that resists puncture from coarse,
angular aggregate during compaction and from tepeaheel loads during its service lifé.used,

bases should have their sides and bottoms wrapped in geotékfHerecommends a minimum of

0.3 m overlap in weltrained soils and 0.6 m overlap on pdoaining weaker soils (CBR< 4%)).

PICP capturesgllutants such as oils, total suspended solastals,and nutrients from the ini

trated runoff. Contractors may encounter PICP that incorporates a thermally bonded nonwoven
geotextile to assist with filtering water that enters the systEnese geoteies are placed between

the base and bedding layer of the system.

3.5 Section 5i Subbase and Base Materials

A Gradation, Void Space and Other Aggregate Characteristics
A Factors in Determining Subbase and Base Thicknesses
A Subbase and Base Delivery, Installatand Compactian

A Subbase and Base Density/Stiffness Testing and Verification

Aggregate characteristics are presented as provided in the ICPI mi@mitd, 2006 and grad-

tions are provided in ASTM D44&tandard Classification for Sizes of Aggregate Raad and

Bridge ConstructiofASTM, 200§. Visual identification and comparison of aggregate size®s i
portant to contractors operating in the fieigures 5, 6 and 7 illustrate ASTM stone sizes typica

ly used in PICP constructionk-or constructiorexpediency, the ASTM No. 57 layer is no greater
than 100 mm thick and provides a transition between the ASTM No. 8 stone bedding layer and the
ASTM No. 2 stone. ASTM No. 2 stone is not as found in all parts of North America and it i®som
times substituteavith smaller sized ASTM No. 3 or 4 stopeovided that each has a confirmed
minimum void ratio of 32%.

L o

Figure 6. ASTM No. 57 stone Figure 7. ASTM No. 2 stone for

¢ RA A i
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Figure 5. ASTM No. 8 stone for
bedding and joints. for the base. the subbase.

The course includes a brief overview of factors influencing base and subbase thicknesses such as
the amount water storage required and anticipated traffic losdsrmation is provided on cross
sections on various soils in ndmst and frost climates fopads up to 60000, 80 kN equivalent

single axle loads (ESALs)While the contractor typically does not get involved in structural base
design, a general understanding of these relationships can put the contractor on alert for designs that
might be insuficient from a structural perspective and possibly raise this concerrthgitproject

owner or designer.
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A key requirement for water storage and infiltration is that egraxled base and subbase aggr

gates have minimum void space of 32% for water stor#geother is that the bedding, base and
subbase layers choke or mesh into each other thereby enhancing the stability of the entire pavement
section. Choking criteria for each layer is covered in the couideese can be verified by therco

tractor with si@e analysis reports from the aggregate supplier.

Concerning base and subbase compaction, the course recommeindgaw@m of four passes with a
minimum single or dual smooth 10 T steel drum roller or a 60 kN reversible vibratory ptate co
pactor. The ASTM Nb. 2 stone layer is typically compacted in 150 mm thick liftee ASTM No.

57 base layer can be compacted as one 100 mm thick lift using the same types of campactors

While many PICP projects have performed well without measuring-graeted base densjtgn
increasing number of projects will likely require base density testing for quality assur@hee.
course reviews a nevest methodleveloped by ICPthat determiresa "targetdensity” using no-
leardensity gauge on a contrdtip. The test methodsifor the ASTM No. 5Tayer (or equivalent)
only. No method yet has been established to evaluate the ASTM No.2 subbase dEmsitgst
method uses ASTM D 2922tandard Test Methods for Density of Soil and-8giregate IAPlace

by Nuclear Methods (shaw Depth)[ASTM, 2004 with the gauge in backscatter mode rather than
extending the probe into the base materihe testing company works with the contractor who
constructs a control strip for determining of a target den3ikys consists of a singluniform lift as
specified in the contract documents, but not more than 100 mm in depth and covering apgroximat
ly 500 nf. No testing is performed within 3 m from any outside edge of the work Ate&control
strip may be incorporated into the projegon acceptance of density measurementhéyesting
company.

During construction of the control strip, the aggregate is maintained in a moist condition during
compaction. The aggregate surface should be visibly moist and maintained as such throwghout c
struction and compactionAfter initial placement of the aggregate material, the compactiomp-equi
ment makes two passes over the entire surface of the control 9gipg the backscatter/indirect

test method, densities and moisture contents are detxtnat five randomly selected locations at
least 5 m apartThe dry density and moisture contents are calculated for each of thaismkand

the averges are used as initial values.

If the new average dry density exceeds the previous value by mor@@hig/nt then two add

tional passes of the equipment are carried out as described dbde.new average dry density
does not exceed the previous value by more than 20°ktilem compaction of the control strip will

be considered acceptabl8evenadditional field density and moisture tests are taken at ranolom |
cations and the dry density and moisture content values determirtesl.final dry density and
moisture content of the control strip should be equal to the average of these seven valhes plus
three most recent values obtained upon complefidns procedure should assist in providing more
consistent densities across the ojggaded base.

3.6 Section 6i Edge Restraints

A Concrete Curbs and Placement

Concrete curbs around PICP typically resttom of the subbase layeilhe curbs are usually cast
in-place concretelf the curb separates PICP from conventional paving (see Figures 8 and 9), the
depth of the curb should extend to the depth of the dgresked base to protect it from becoming
satuated. Figure 10 illustrates cast-place concrete curbs with indentations for overflow drainage
into the parking lot islandWater flowing from extreme storms can drain into a bioswale providing
further storage and pollutant reduction.
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Plastic edge ré&ints are extensively used in residential and commercial interlocking concrete
pavements throughout North Americ@hese restraints typically are not used in vehicular RA&GP
plications,as the stakes do not anchor securely into the-gpmited base Plastic edge restraints

that utilize spikes are not recommended for commercial and municipal applicaltoresidential
applications, some contractors have successfully installed a 1 m wide band of compacted, dense
graded aggregate at the perimeterh& pavement.The interior is filled with opemgraded aggr-

gate. Plastic edge restraints are then spiked to the perimeter band containing the bedding material
and favers.

Figures 8 and 9. The depth of the concrete curb separating PICF Figure 10. Castin-place ca-
from conventional pavement should extend the depth of the e crete curbs with indentations for
ventional pavement. Note the PICP in travel lanes in Figure 6 an PICP overflow drainage.
PICP in parking spaces in Figure 7.

3.7 Section 7i Bedding and Jointing Materials

A Gradation and Base Compatibility
A Placing Bedding Material

Bedding layer gradation and base compatibility concerns the ability of each layer to choke or mesh
into each otherAcceptance criteria are provided in the courGeeater emphasis is placed onivar

ous methods of manually and mechanically screeding the bedding layer for larger privjeets
chanical screeds can rely on curbs or guide bars placed on the base and with adjustments to the
screed for small changes in slope,ane guided with a laserFigures 11 and 12 illustrate these

types of mechanical screeds.

Figure 11. A mechanical screed relies on curbs ¢  Figure 12. Laser guided screeding edpment
metal guide bars for creating a consistently thick adapted from the asphalt pavement industry can
PICP bedding layer. accelerate screeding of large PICP areas.



