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Partial Infiltration

Concrete Curb
Concrete Pavers
Permeable Joint Material

Open-graded Bedding Course

Open-graded Base Reservoir

Open-graded Subbase Reservoir

Underdrain (as required)

Geotextile Against Excavated Soil Walls
Soil Subgrade




Other PICP Options

e Full infiltration

Concrete Curb

Concrete Pavers
Permeable Joint Material

Open-graded Bedding Course
Open-graded Base Reservoir

Open-graded Subbase Reservoir

Geosynthetic Per Engineer
Geotextile Against Excavated Soil Walls

Soil Subgrade
Underdrain (as required)

No infiltration
with geomembrane

Geomembrane with Geotextile Protection Layer

Seil Subgrade
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Maintenance
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ICPI Recommendations

e Inspect & vacuum
sweep 2x annually

e Sweeping only
equipment not effective
in removing sediment

e Check infiltration
during or just after a
storm

e Testw/ASTM C1781 as
needed




ASTM C 1781-Surface Infiltration Testing

Designation: C1781/C1781M - 13

TRANATIONAL

Standard Test Method for

Surface Infiltration Rate of Permeable Unit Pavement

Systems’

This standard is issued under the ixed designation CI78LCI TEIM; the mumber immedistely following the designation indicates the

year of eriginal adopbon ar, in Ibe cass of rovision, the year

of last revision. A mamber in purcntheses indicales the year of last

reapproval. A superscript epsilon () indicases an editorial change sinoe the last revision or reapproval.

1. Scope

1.1 This test method covers the determination of the field
surface infiltration rate of in place permeable unit pavement
systems surfaced with solid interlocking concrete paving units,
concrele grid paving units, or clay paving brick

1.2 The values stated in either SI units or inch-pound units
are to be regarded separately as standard. The values stated in
each system may not be exact equivalents; therefore, each
syslem shall be used independeatly of the other. Combining
values from the two systems may result in non-conformance
with the standard

1.3 The text of this test method references notes that provide
explanatory material. These notes shall not be considered as
requirements of the test method.

1.4 This standard does not purport to address all of the
safety concerns, if any, associated with its wse. It is the
responsibility of the user of this standard 1o establish appro-
priate safery and health practices and determine the applica-
bility of regulatory limitations prior 10 use.

2. Referenced Documents
2.1 ASTM Standards:*
€902 Specification for Pedestrian and Light Traffic Paving
Brick

tion for Elastomeric Joint Sealants
tion for Solid Concrete Interlock

ion for Heavy Vehicular Paving

C1319 Specification for Concrete Grid Paving Units

Cl1 Test Method for Infiltration Rate of In Place Pervious
Concrele

" This fest mothod i under the jurisdiction of ASTM Commitice
Musufaciured Masonry Units and is the dircct. responsibilisy of Subco
€15.04 o Rescarch.

Carent edition_ approved Sept. 1
S2VCITE]_CITBIM-13
or rederenced ASTM slandards, visil the ASTM website, wurs.asim.org, or
contact ASTM Castamer Service st service@asim.org. Far Arnual Baak af ASTM
Standands volume information. refer o the sandard’s Document Sumnary page oo
the ASTM website

2013, Published September 2013 DOL
1

2.2 Other Standards:
Federal Specification A-A-3110 (TT-P-1536A) Plumbing
Fixture Setting Compound

3. Terminology

3.1 Definitions—The terms used in this test method are
defined in Terminology C1232.

4. Summary of Test Method

4.1 An infiltration ring is temporarily sealed lo the surface
of a permeable unil pavement system. These pavements
typically consist of solid concrete paving units conforming to
Specification C936, concrele grid paving units conforming to
Specification C1319, o clay paving brick conforming to
Specification €902 or C1272. These pavements allow drainage
through joints between the units o through voids formed by
the intersection of two or more units or intentionally manufac-
tured into the wnits. The results of this test method for unit
pavement systems can be compared to that using Test Method
CI701 for perviows concrete. After pre-wetting the test
location, a given mass of waler is introduced into the ring and
the time for the water to infiltrale the pavement is recorded.
The infiltration rale is calculated in accordance with 9.1

5. Significance and Use

5.1 This test method can be used for acceplance of surface
infiltration of new permeable unit pavement systems.

5.2 Tests performed at the same location across a span of
years may be used to detect a reduction of infiltration rate of
the permesble surface, thereby identifying the need for any
remedial maintenance intended to increase the infiltration rates
to predefined levels.

53 The infiltration rate obtained by this method is valid
only for the localized area of the pavement where the test is
conducted. To determine the surface infiltration rate of the
entire permeable pavement, multiple locations must be tested
and the results averaged

* Availsble from Sundamdization Documents Order Desk, DODSSF, Bldg. 4,
Section D, 700 Robbins Ave., Philadelphio. PA 19111-5098, hup:i
dodssp daps dlamil

‘Copyight ©ASTM Intommatonal, 100 Barr Hasbor Deiva, PO Bax C700, West Consfcbuckan, PA. 10428 2050. Unitod Stalos

Copyright by ASTM Ine] (all ighrs reserved ; Fsi Seg 13 0%:39:16 EDT 2013
Domalosdedipeineed b

1

Fevia Badley (% ]

amchocized.




ASTM C1781 - Preparation







Jointing Materials: Infiltration Comparisons

Using ASTM C17/81

e Testing by Middle Tennessee State University
e 13 PICP paver shapes

* 6.3% to 13.5% open surface area

e (Clean jointing stone

jointing stone’  ASTNVINO. 65 = ASTMING: 9 ASTM No: 10
Size stone stone stone
Average infiltration 973 378 73
rate, in./hr
Standard deviation, 123 78 7

in./hr
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Total suspended solids (TSS) concentrations by
land use (Pitt et al. 2011)

Average
concentration
Land Use :
mg/m
(observations)
Commercial 13(1342) 56-247
Freeways 114 (381) 24-183
Industrial 160 (918) 97-385
Institutional 83 (69) 68-91
Open Space 182 (329) 98-846
Residential 137 (3472) 102-528 g




Florida Gulf Coast University

PICP Infiltration Research

By Jong-Yeop Kim, Ph.D., PE., Christopher Slater & Gilberto Gil

* 9% surface open area - No. 8, 9 & 10 jointing stone
e Simulated 20 years of urban sediment & sand loads
e Evaluated surface infiltration w/ ASTM C1701/1781

 Used New Jersey Corporation for Advanced Technology protocols
(NJCAT = third party technical group w/ methods for evaluating
TSS removal in BMPs)

e Simulated 60-80% TSS removal at surface from jointing stones
over 20 years w/ 100, 200 & 300 mg/m3

 Recorded decrease in surface infiltration rates from jointing stones
over 20 years w/ 100, 200 & 300 mg/m3

14



ICPI Guidelines using ASTM C1781

e New Construction:
min. 100 in./hr

e In-service:
No less than 10 in./hr

e ASTM No0.8,89 or9
stones

#8NJ100 (Before solid loading) #ENJ200 (After 3-year loading) H#ENJ300 (After 20-year loading)
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PICP Surface Infiltration

Restoration Studies

 Manual removal of soiled jointing stones:
e University of Guelph parking lot - James
 NC State University various sites — Bean

e Vacuum machine removal of jointing stones:

» University of Central Florida test area — Chopra
True vacuum machine

» University of New Hampshire parking lot - Roseen
Regenerative air machine

e All studies demonstrated increased infiltration
after cleaning - varied with clogging extent

19



University of Guelph

e Visited 7 mature permeable
pavement parking lots in
2010 and 2011

e Tested small-sized
equipment

= pressure-washing

= shop vacuum

e Tested streetsweepersat3
mature parkinglots in 2011

Statistics Pre-treatment

Range (cm/hr) 0.4-32
Mean (cm/hr) 5.6
o (mm/hr) 6.6
Median (mm/hr) 3.6

20



Sweeper Effectiveness

Least effectlve
i | Regenerative air vacuum

sweeper
e Use 1-2 times/year

True vacuum sweeper
e \ery powerful
e Restores highly clogged

Most effective surfaces

21



Mechanical Sweeper

22



Regenerative Air Sweeper
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Vacuum Sweeper
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True Vacuum Sweeper




True Vacuum Sweeper

e Sediment collects in top
¥ - 1in.

e cleansout clogged stone
& restores surface

infiltration - refill with
clean stone

26



University of Guelph - Maintenance Testing

Full-sized equipment
e Tymco-DST 6 and Elgin Whirlwind
e 3 established parking lots (rehabilitation)

e Kortright PP (prevention)
e ASTM C1701 (singlering)




University of Guelph - Maintenance Operations
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Restoring Surface Infiltration Video
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Stabilizing pavers around pavement

Temporary plastic or
metal edge spiked
around opening perimete

31



Observation Well Options

4 to 6 in. (100—150 mm) 4106 in. (1_00—1_50 mm)
dia. perforated PVC pipe dia. PVC pipe with cover
at top of pavers

N Min. 3 it

(1 meler!

Insert4to 6in.
(100-150 mm)
in soil subgrade

|||z|||; =i}

=EIEIEEIEIEIEILE
410 6 in. (100-150 mm)
dia. perforated PVC pipe
extending 4 ft. (1.2m)
Soil subarade into base

1T 2

Soil subgrade

410 6 in. (100—150 mm)
dia. perforated PVC pipe

T Min.Sft.‘
N i (1 meter)
Insert 4 to 6 in. 5
(100-150 mm) = -~
in soil subgrade | o . * =) =)= | =[S [EIEIE
=NEEEEEEEIED

Soil subgrade
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Winter Maintenance

e Snow melts faster - lower risk of ice
e Surface does not heave when frozen

e Use normal plows - dirty snow piles
clog surface

* Deicing salts okay

e Sand will clog system - use jointing
material for traction

",‘, 4 "wm. o8
| [
,

1
47/
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Managing dirty snow

10 years street — winter sand
accumulation




Managing dirty snow




PICP Inspection Checklist

from ICPI PICP manual

Vacuum surface

Replenish aggregate in joints

Inspectvegetation around PICP
perimeter for cover & soil stability

Repair all deformations exceeding 1/2
in. (13 mm)
Repair pavers offset by more than 1/4

in. (6 mm) above/below adjacent
units

Replace broken units impairing
surface structural integrity

Check drain outfalls for free flow of
water & outflow from observation
well

1 to 2 times annually, adjust per
sedimentloading

As needed

Annually, repair/replantas needed
Annually, repair as needed

Annually, repair as needed

Annually

Annually, after a major storm

37



Maintenance Costs (Rough estimate)

e Vacuuming with a regenerative air machine:
800-$1000/acre

* Top up jointing stones & re-compact:
$3000-4000/acre

e Rehabilitative /restorative true vacuuming & replenish
jointing stone:
$8000-$10,000/acre

 Remove & reinstate pavers, jointing & 2 in. bedding
stone:

$5-$6/sf
e Costs vary with project size, geographic region,
labor rates & aggregates prices

38



lveways

ial dr

Cleaning sidewalks & resident




Permeable Pavements Recommended Design

Guidelines

 ASCE EWRI Committee
Report - online only

* Spring 2014

 Factsheets :

e Checklists | Permeable Pavements

e Design information

e Maintenance

e Standards, guide specs &
modeling methods

 Research needs

e Establishes common
terms for all permeable
pavements

40



ICPI: PICP. Guidance

e 4th Edition PICP Manual

e 100+ pages with 60+ figures
e Industry consensus
 Hydrologic design

e Structural design: Follows

Permeable Design Pro
software

e QGuide specs
e Construction guidelines

* Promotes using contractors [T _—
with ICPI PICP course " Design  Spaifcations » Construction » Maintennce
certificate

e Certificate appearing in specs
Maintenance guidelines

David R. Smith
Fourth Edition

41



WWW.ICpPI.org

I ( :P I MEMEERSHIF LOG IN OHNLINE STORE ABOUT US

INTERLGEKING CONCRETE
PAVEMENT INSTITUTE®

DESIGN TOOLS SUSTAINABILITY EDUCATION IDEA GALLERY NEWS & EVENTS

Search...

Planning a new driveway,
patio or walkway?

Contact a cerified instailar or read more below o halp get you
started.

u -+ Bustainability
‘ : I I ‘ k I I ere -+ Pavernent Systems
-+ Design

-+ Installation

-+ Maintenance

RESIDENTIAL COMMERCIAL MUNICIPAL INDUSTRIAL

Find a Membership U PERMEABLE PAVERS
PrUduct or SErVice » Access to ICPl resources » Environmentally friendly

« Business promotion | » LEED certified

ICPI News ainews - Popular Resources  Aresources -

42



WWW.ICpI.Oorg

Document Library Design Tools

TeC h SD eCS ICPI's technical and educational resources provide design professionals with the latest design insights and

ONLINE STORE ABOUTUS

I ( :P I VMEMBERSHIP LOG IN

DESIGN TOOLS

SUSTAINAEBILITY EDUCATION IDEA GALLERY NEWS & EVENTS

G u | d e SD eC | fl Ca‘“ O n S As an ICPI member, you will receive timely updates on new publications, trends and industry news through

technical developments on interlocking concrete pavement and permeable interlocking concrete pavement.

Detail

subscription to the Interlocking Concrete Pavement Magazine and ICPI Design Professional Update. Visit our
Dran n q S comprehensive Membership area and learn how ICPI can improve your business.

Technical Papers RT—

Case

Stu d | eS Browse our Idea Gallery for design solutions that meet your project's needs.

Articles
Certified Products

FAQs

University Curriculum R A

Industrial . Municipal Residenﬁa-l

LEED®

United States | Canada
Developed by the U.5. Green Building Council (USGBC) in 1988, LEED® is a voluntary system of design for
buildings and sites that provides a rating system which encourages the use of technologies that reduce
energy and conserve non renewable resources.

INDUSTRY PROFESSIONALS SAY

“From day cne, the Board wanted a

ermeable lot, a view heightened by the ) i
’ ) : Y ) Sustainable Design
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Detail Drawings / Guide specs

|SECTION 02795
CONCRETE GRID PAVEMENTS

T Mo § agregate m openings
Note: This guide specification for the U.S. is for concrete grid pavers placed on a sand bedding course over
Curtvados mstaint with a compacted dense-graded aggregaie base. The text allows an option of grass or open-graded aggregaie in
utouts for overfiow drainage the grid openings. This specification is for light-duty vehicular applications such as access roads and
emergency fire lanes, as well as intermittently used overflow parking areas. Additional design guidance Is
provided in Tech Spec 8, Concrete Grid Pavements.
| Concrate pavars min. 3 " n. (B) mm)| thick If the area is exposed to recurring vehicular traffic and additional stormwater contral is desired, the specifier
X B e Besdcng couese 1Yz b2 o (40 i 50 mim) thick should consider using permeable interlocking concrete pavements, as they provide additional structural
A i N0 o Wk b, 5T o (/g M. B aggregans) support to vehicles. In such cases, the specifier should refer to the |GPI manual, Permeable Interlocking
E0n00 apen-fraded base L : Concrete Pavements. This text must be edited to suit specific project requirements for projects. This
e Section includes the term "Architect.” Edit this term as necessary to identify the design professional in the
Mo 2 ore pubbass = - General Conditions of the Coniract.
Ehickress vanes wih cesign §: | - PART1 GENERAL
kpc 101 SUMMARY
5 ~ # A Section includes:
Uiptiona (PR — - 1. Concrete grid units.
bmomandsds |7 T 1 2. Bedding sand.
of opirrgradad base 3. Edge restraints.
4. Geotextiles.
5‘:!\1'5-"(1?&!‘-2'[\'5 shopa 5. [Topsoil and grass for the grid openings.]
fi. [Open-graded aggregate for the grid openings.]
7. [Open-graded aggregate bedding course].
Related Sections:

e Interlocking concrete pavements
 Permeable interlocking concrete pavements
e Concrete grid pavements

e Precast concrete paving slabs

44



WWW.ICpI.Oorg rbowers@icpi.org
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Civil Engineering
UNIVERSITY OF TORONTO INTERL@KING CONCRETE
PAVEMENT INSTITUTE _ ®
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