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The Pavement

Institutionalization Troika Prioritized Strategic Plan
Academia Objectives/Tasks
Research/Instruction PC PICP PA

Structural design >

DOLLARS Materials & systems —— >
Construction methods —
Maintenance methods ——

Industry A
LAt DOLIARS
De5|gners
Government (owner)

Federal, state/provincial, local
Design methods >
Material & construction specs >
Certified/trained contractors >
Management & maintenance methods/specs —»




Institutional:
Unlike impervious pavements....
Not enough ownership to justify research investment
How much ownership is required?
Research plan needed

Webinars, NHI courses on permeable pavements
How to transform existing state DOT specs




DOTs

Stormwater Agencies

Road Agency Ownership

PICP in many state & local
stormwater guides

Only a few DOT specs so far

Safety is priority, drainage is not

NPDES permit is priority
Safety & resilience

California Department of Transportation
Division of Design

Office of Storm Water Management
1120 N Street

Sacramento, California
http:/iwww.dot.ca.gov/hgloppd/stormwtr/

Pervious Pavement

Design Guidance




Technical Barriers

DeS|gn methods for saturated soils
Load testing & design for hybrid structures — ;_
exceed 1 million ESALs design life
Lightweight deflectometers for OGB QC/QA compactlon
Surface cleaning & maintenance costs for LCCA models
& Gl/stormwater/road asset management
Life cycle assessment...including use phase




The Past: What We’ve Done

Manuals & Technical Bulletins
Guide specs & detail drawings

PERMEABLE INTERLOCKING

CONCRETE PAVEMENTS

Design * Specifications ® Construction * Maintenance

David R. Smith
Fifth Edition
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Maintenance Guide for Permeable Interlocking
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Construction of Permeable Interlocking

Concrete Pavement Systems

INTRODUCTION

Permeable interlocking concrete pavement (PICP) is recog-
nized by federal and state stormwater and transportation
agencies as a Best Management Practice (BMP) and Low
Impact Development (LID} tocl to reduce runoff and water
pollution. In addition, PICP offers unigque design opportuni-
ties for addressing combined sewer overflows with green
alleys and streets, as well as use in parking lot and pedestri-
an surfaces. Traditional stormwater management selutions
facus on collecting, concentrating and centralizing the dis-
posal of stormwater. As a key BMP and LID tool, PICP helps
disconnect, decentr and mare widely distribute runoff
through infiltration, detention, filtering and treatment.

The Interlocking Concrete Pavernent Institute (ICPI) pro-
vides a comprehensive, 92-page manual entitled Permeable
Interlocking Concrete Pavements, which covers design, speci-
fications, construction and maintenance. This manual is avail-
able on www. g and provides extensive information
from academic research and practical field experience. This

Tech Spec bulletin provides a summary of PICP construction
technigues outlined in the manual, as well as further guid-
ance on best construction practices. This bulletin is intended
for contractors and for project inspectors.

Figure 1illustrates a typical PICP cross-section with the
individual components defined below.

Concrete pavers—Solid concrete pavers with molded
joints and/or openings that create an open area across the
pavement surface. Concrete pavers should conform to ASTM
€ 936 (ASTM 2012) in the U.S. or C5A A231.2 (CSA 2006} in
Canada, Pavers are typically a minimum of 3 'z in. (80 mm)
thick for vehicular areas and pedestrian areas may u:
in. (60 mm) thick units. Pavers are manufactured in a range of
shapes and colors. Filled with permeable joint material, the
openings allow water from storm events to freely infiltrate
through the pavement surface, Figure 2 shows several paver
configurations.

Permeable Joint Material—The joint material typically
consists of angular ASTM No. 8, 89 or 9 stone. The perme-
able joints allow stormwater to infiltrate through joints in the
pavement surface.

Open-graded bedding course—This permeable layer
is typically 2 in. (50 mm) thick and provides a setting bed for
the pavers. It consists of small-sized, open-graded angular
aggregate, typically ASTM No. 8 stone or similar sized mate-
rial.

Open-graded base reservoir—This is an aggregate
layer that is typically 4 in. {100 mm) thick {for vehicular appli-
cations see exception under sub-base definition). The base

is made of crushed stones primarily 1in. down to '
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www.PermeableDesignPro.com

Free trial

Hydrologic &
structural design

Retail:
e $190/license

ICPI members &
Design
Professionals:

e S95/license

e S75/license for 3
or more licenses
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Permeable Interlocking Concrete Pavement (PICP) Design with
with ICPI's Permeable Design Pro Software
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® Download Now! — FREE 30-day Trial

+ Design solutions with CAD output

+ 30 day FREE trial

+ Instant download

+ Automatic software updates for version 2.0

+ Buy three or more licenses and save

+ Now easier to share with multiple license purchases
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ASCE/ANSI Standard

Permeable
Interlocking Concrete
Pavements

Standard Guide
for Design,
Construction

and Maintenance

2015

Early 2018



The Present: What We Know

Hydrologic design via water balance

Volume & pollutant reductions Source: ICPI PICP manual

e : i ] S i i Bean 2007 Goldsborg, NC 0
Bean 2007 PeP | GodsboroNC | 64 | C |84 | 47 |60 | 42| 42 |63 |3 8 | 8 Bean 2007* PICP. Swansoro, NG 16 0 o No 100
Boving 2008 PA Kingston, Rl 1 |ec 7 7 9 | 90 Boving = Kingston, A i 5 i i o
Bratieho 2003 PGP | Renton, WA g | ¢ | 6 | &
Collns 2010 P Kinston, NG 20 ¢ gl am | 2| 2 1 Brattebo 2003* PICP Renton, WA 15 0 NR No 100
Collns 2010 PGP | KnsonNC | 19 | G | 85 | 331 | 50 | 40 i Booth 1996* PICP Renton, WA 3 0 NR No 100
Colins 2010 PCP | KnsonNC | 19 | C |8 | =210 | 50 | 11 ' Collins 2010 PC Kinstan, N 51 0 sandyclay | Yes 13
Gilbert 2006 PICP Waterford, CT | 1year ‘ G | 72| 50 | 9 34 ;‘ 67 67 | 71 | 65 Collins 2010 PICP Kinston, NG 50 0 loam Yes 48
Dk 2010 LTS | 2 L cll [ o 1) Callins 2010 PICP Kinston, NC 46 0 sandyclay | Yes 3
Fassman 2011 PP | kg iz | 343 | G [ 49 9 | 5
Pagatto 2000 PA Nantes, France 25 C 7 59 1 g1 | 60| 78|66 35 Gilbert 2006 PICP Wﬁiel’fﬂrd, CcT 1 year Varied Sandy clay No 72
Rankin 2004 PiCP mﬁfﬂﬁfe! 9 c 59 | 4 » |4l g Dierks 2010* PICP Ann Arbor, Ml 14 300 . NR Yes 80
Fassman 2010 PICP Auckland, NZ 44 100 silty clay Yes 28
Boseeraes Durhi, B mzfs ¢ S &l A Rankin 2002* PICP Port Adelaide, Australia | 22 45 sandy No 93
Roseen 2011 PA Dutam,Ni | 1316 | © 87 2 |8 75 ® James 1997 PICP Guelph, ON 9 0 NR NR 28
Roseen 2013 PICP Durham, NH 18 | C 95 95 95 | 9% | 9% | %5 | % 95 95 James 1997 PICP GUB'ph, ON 9 0 NR NR 61
Rushton 2001 PC Tampa, FL 12-30 \ ( 0 48 28 | 55 | 56 ] 3 58 | 36 | 58 Legret 1999 PA Reze, France 0 a7 NR Yes a7
Rushlon 2001 P Tampa, L | 1230 ¢ [0 | 3 % | 2|06 69 | 53 | o7
Smolek 2016 PICP Dutam NG | 19-29| ¢ | a7 ) 9% | 98 9 || el I, BN M L8 0 SANCYCEVER B Ll
VanSeters2007 | PP | NorthYork,ON | 2740 | © 8 | 53 53 | 81 73| 1 Roseen 2012 PA Burham, NH 17 0 HSG G No %
Drake 2012 PCP | VaughenON | 3145 | ¢ |90 | 4 |89 & |8 | 8 71 75 Rustion 2001 PC Tampa, FL Q0 0 sandy No 2
Drake 2012 PP | Vaughenon | 45 [ c [ | a8 | &7 82 | 8 |87 2|60 Rushton 2001 PC Tampa, FL 30 0 sandy No 32
Drake 2012 PC Vaughan, ON | 30-45 \ C || 2 |78 3% | 52 1 79 5| 8| 4 Smolek 2016 PICP Durham, NG 29 300 HSG D Yes 2
Fagsman 2011 PICP Auckland, NZ M3 M 85 93 |7 Van Seters 2008 PICP North York, ON 71 0 clay loam Yes 90
Legret 1999 PA Reze, Frence 1| % o R Drake 2012 PICP Vaughan, ON 185 0 silty clay Yes 45
Pagatio 2000 A [hane Farca ) SE251I M (ES 028 S8 R ] Drake 2012 PICP Vaughan, ON 185 0 sityclay | Yes 45
AR 200] PO e e 0] & 0 S S Drake 2012 PC Vaughan, ON 185 0 siycay | Yes 45
Winston 2015 PGP | Wiloughby Hils,OH | 18 | M BT R I T O O 55| 97 | 13 -
Winston 2015 PGP | WikoughiyHils 0K | 12 | m 2 |% 82| 2| o 47| 53| 3 Winston 2015* PIcR Willoughby Hills, OH 1 220 Sgtslgagl Yes 32
Winston 2017 PICP Huron, OH 6 | M 67 | 63 | 56 | 82 [ 100 15 | 40| 14 ; . : T
Iwerage Concentration Removal | [s07] 27 [663] 59| 570 | 564 ] 681 [ 690 [ 431 [70:1 [ 584 953 Winston 2015~ pIcP Willoughby Hills, OH n 720 HSGD Yes 16
Average Mass Removal 95 | 550|461 (-109 | 505|783 | 69.5 | 26.1 | 61.5| 397 | : silt loam
Winston 2015* PICP Orange Village, OH 77 0 HSG D Yes 99



The Present: What We Know
Structural Design to 1 million ESALs

UC Davis full-scale load testing & mechanistic modeling
2014 - Subbase thickness design tables
Tables in ICPI PICP 5th edition manual & ASCE PICP standard




PICP Structural Design
Design Tables

Number of Days in a

Year
Water Stands in =10 11 - 30 31 -50

Subbase
Subgrade
Resilient
Modulus, Ksi 3.5 52 67 87 35 52 67 87 35 52 67 87 35 52 67 87
(CBR) (1.6) 3 (@48 (68 @6 () (48 (68 (16) () (48 (68 (1.6) (3 (48 (6.8
Lifetime ESALs (Traffic Minimum Subbase Thickness in mm ASTM No. 2 for 1 in. Allowable Rut Depth

(All subbases are under 4 in. thick ASTM No. 57 base, under 2 in. ASTM No. 8 bedding layer
Index) under 3 1/8 in. thick concrete pavers.)

50,000 (6.3) 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 7.0 6.0 6.0 6.0

5.8 8.7 11.6 145 5.8 8.7 11.6 145 5.8 8.7 11.6 145 5.8 8.7 11.6 145

100,000 (6.8) 6.0 60 60 60 85 60 60 60 105 60 60 60 115 70 60 6.0
200,000 (7.4) 9.0 60 60 60 125 85 60 60 145 100 65 60 160 115 75 6.0
300,000 (7.8) 115 70 60 60 150 105 70 60 170 125 85 60 180 135 95 65
400,000 (8.1) 130 90 60 60 170 120 85 60 190 140 100 70 200 150 11.0 80
500,000 (8.3) 145 100 65 60 180 135 95 65 200 150 11.0 80 21.0 165 120 9.0
600,000 (8.5) 155 110 75 60 190 145 105 70 210 160 120 9.0 220 175 13.0 100
700,000 (8.6) 165 120 80 60 200 150 110 80 220 170 130 100 230 180 140 11.0
800,000 (8.8) 17.0 125 9.0 60 205 160 120 85 225 175 135 105 240 19.0 145 115
900,000 (8.9) 175 130 95 60 21.0 165 125 9.0 235 180 140 11.0 245 195 150 120

1,000,000 (9.0) 180 135 100 65 220 170 130 95 240 190 145 115 250 200 155 125




PICP Structural Design
Design Tables (continued)

Number. of Days in a

Year

Water Stands in 51-70 71-90 91 - 110 111 - 130
Subbase

Subgrade Dry
Resilient 5.8 8.7 116 145 5.8 87 116 145 5.8 87 116 145 5.8 8.7 11.6 14.5
: 8.7
I\/ICoBdI;Ius, S |\ 35 652 67 87 35 52 67 87 35 52 67 87 35 52 6.7 (6.8)
( ) (1.6) (3) (4.8) (6.8) (1.6) (3) (4.8) (6.8) (1.6) (3) (4.8) (6.8) (1.6) (3) (4.8)
Lifetime ESALS Minimum Subbase Thickness in mm ASTM No. 2 for 1 in. Allowable Rut Depth
Traffic Ind (All subbases are under 4 in. thick ASTM No. 57 base, under 2 in. ASTM No. 8 bedding layer
(Traffic Index) under 3 1/8 in. thick concrete pavers.)
50,000 (6.3) 8.0 6.0 6.0 60 85 60 60 6.0 90 60 60 6.0 9.5 6.0 6.0 6.0
100,000 (6.8) 12.0 8.0 6.0 6.0 130 85 6.0 6.0 130 90 6.0 6.0 14.0 9.5 6.0 6.0
200,000 (7.4) 165 120 8.0 6.0 170 130 85 6.0 175 13.0 90 6.0 18.0 13.5 9.5 6.5
300,000 (7.8) 18.5 140 100 70 200 150 11.0 80 200 155 11.0 85 20.5 15.5 11.5 8.5
400,000 (8.1) 20.5 155 115 85 215 165 125 95 215 170 130 95 22.0 17.5 13.0 10.0
500,000 (8.3) 21.5 170 13.0 95 23.0 18.0 135 105 23.0 18.0 14.0 105 2815 18.5 14.0 11.0
600,000 (8.5) 230 180 140 105 240 19.0 145 11.0 240 190 150 115 245 195 150 120
700,000 (8.6) 235 185 145 110 250 195 150 120 250 200 155 120 255 205 160 125
800,000 (8.8) 24.5 195 150 120 255 20.0 16.0 125 26.0 205 16.0 13.0 26.0 21.0 16.5 13.5
900,000 (8.9) 25.0 20.0 155 125 26.0 210 165 13.0 265 210 16.5 135 27.0 21.5 17.0 14.0

1,000,000 (9.0) 255 205 160 130 27.0 215 17.0 135 270 215 17.0 140 275 220 175 145




PICP over PC in Chicago, IL
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: Foundation for . o e
Interlocking Concrete Education and Research dsmlth@lcp"org

Pavement Institute rbowers@icpi.org

Beyond parking lots & alleys to streets
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