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Academia
Research/Instruction
Structural design
Materials & systems 
Construction methods
Maintenance methods

Industry

Government (owner)
Federal, state/provincial, local
Design methods
Material & construction specs
Certified/trained contractors
Management & maintenance methods/specs

PC PICP PA

The Pavement
Institutionalization Troika

DOLLARS

DOLLARS

Prioritized Strategic Plan 
Objectives/Tasks

Designers

DOLLARS



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 



Road Agency Ownership
Dd                                               

PICP in many state & local 
stormwater guides

Only a few DOT specs so far

DOTs
• Safety is priority, drainage is not
Stormwater Agencies
• NPDES permit is priority
• Safety & resilience



Technical Barriers

De-silo…
Design methods for saturated soils
Load testing & design for hybrid structures –

exceed 1 million ESALs design life
Lightweight deflectometers for OGB QC/QA compaction
Surface cleaning & maintenance costs for LCCA models

& GI/stormwater/road asset management 
Life cycle assessment…including use phase



The Past: What We’ve Done
Manuals & Technical Bulletins
Guide specs & detail drawings 



www.PermeableDesignPro.com
• Free trial
• Hydrologic & 

structural  design
• Retail:

• $190/license

• ICPI members & 
Design 
Professionals:

• $95/license
• $75/license for 3 

or more licenses



Permeable 
Interlocking Concrete
Pavements 

Standard Guide 
for Design, 
Construction 
and Maintenance 

ASCE/ANSI Standard

2015
Early 2018



The Present: What We Know
Hydrologic design via water balance
Volume & pollutant reductions                      Source: ICPI  PICP manual



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 



Number of Days in a 
Year 
Water Stands in 
Subbase

0 ≤10 11 - 30 31 - 50

Subgrade 
Resilient 
Modulus, ksi
(CBR)

Dry 5.8 8.7 11.6 14.5 5.8 8.7 11.6 14.5 5.8 8.7 11.6 14.5 5.8 8.7 11.6 14.5

Wet 3.5
(1.6)

5.2
(3)

6.7
(4.8)

8.7
(6.8)

3.5
(1.6)

5.2
(3)

6.7
(4.8)

8.7
(6.8)

3.5
(1.6)

5.2
(3)

6.7
(4.8)

8.7
(6.8)

3.5
(1.6)

5.2
(3)

6.7
(4.8)

8.7
(6.8

Lifetime ESALs (Traffic 
Index)

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 

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

100,000 (6.8) 6.0 6.0 6.0 6.0 8.5 6.0 6.0 6.0 10.5 6.0 6.0 6.0 11.5 7.0 6.0 6.0

200,000 (7.4) 9.0 6.0 6.0 6.0 12.5 8.5 6.0 6.0 14.5 10.0 6.5 6.0 16.0 11.5 7.5 6.0

300,000 (7.8) 11.5 7.0 6.0 6.0 15.0 10.5 7.0 6.0 17.0 12.5 8.5 6.0 18.0 13.5 9.5 6.5

400,000 (8.1) 13.0 9.0 6.0 6.0 17.0 12.0 8.5 6.0 19.0 14.0 10.0 7.0 20.0 15.0 11.0 8.0

500,000 (8.3) 14.5 10.0 6.5 6.0 18.0 13.5 9.5 6.5 20.0 15.0 11.0 8.0 21.0 16.5 12.0 9.0

600,000 (8.5) 15.5 11.0 7.5 6.0 19.0 14.5 10.5 7.0 21.0 16.0 12.0 9.0 22.0 17.5 13.0 10.0

700,000 (8.6) 16.5 12.0 8.0 6.0 20.0 15.0 11.0 8.0 22.0 17.0 13.0 10.0 23.0 18.0 14.0 11.0

800,000 (8.8) 17.0 12.5 9.0 6.0 20.5 16.0 12.0 8.5 22.5 17.5 13.5 10.5 24.0 19.0 14.5 11.5

900,000 (8.9) 17.5 13.0 9.5 6.0 21.0 16.5 12.5 9.0 23.5 18.0 14.0 11.0 24.5 19.5 15.0 12.0

1,000,000 (9.0) 18.0 13.5 10.0 6.5 22.0 17.0 13.0 9.5 24.0 19.0 14.5 11.5 25.0 20.0 15.5 12.5

PICP Structural Design
Design Tables



Number of Days in a 
Year 
Water Stands in 
Subbase

51 - 70 71 - 90 91 - 110 111 - 130

Subgrade 
Resilient 
Modulus, ksi
(CBR)

Dry
5.8 8.7 11.6 14.5 5.8 8.7 11.6 14.5 5.8 8.7 11.6 14.5 5.8 8.7 11.6 14.5

Wet 3.5
(1.6)

5.2
(3) 

6.7
(4.8)

8.7
(6.8)

3.5
(1.6)

5.2
(3) 

6.7
(4.8)

8.7
(6.8)

3.5
(1.6)

5.2
(3) 

6.7
(4.8)

8.7
(6.8)

3.5
(1.6)

5.2
(3) 

6.7
(4.8)

8.7
(6.8)

Lifetime ESALs 
(Traffic Index)

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 

under 3 1/8 in. thick concrete pavers.)
50,000 (6.3) 8.0 6.0 6.0 6.0 8.5 6.0 6.0 6.0 9.0 6.0 6.0 6.0 9.5 6.0 6.0 6.0

100,000 (6.8) 12.0 8.0 6.0 6.0 13.0 8.5 6.0 6.0 13.0 9.0 6.0 6.0 14.0 9.5 6.0 6.0

200,000 (7.4) 16.5 12.0 8.0 6.0 17.0 13.0 8.5 6.0 17.5 13.0 9.0 6.0 18.0 13.5 9.5 6.5

300,000 (7.8) 18.5 14.0 10.0 7.0 20.0 15.0 11.0 8.0 20.0 15.5 11.0 8.5 20.5 15.5 11.5 8.5

400,000 (8.1) 20.5 15.5 11.5 8.5 21.5 16.5 12.5 9.5 21.5 17.0 13.0 9.5 22.0 17.5 13.0 10.0

500,000 (8.3) 21.5 17.0 13.0 9.5 23.0 18.0 13.5 10.5 23.0 18.0 14.0 10.5 23.5 18.5 14.0 11.0

600,000 (8.5) 23.0 18.0 14.0 10.5 24.0 19.0 14.5 11.0 24.0 19.0 15.0 11.5 24.5 19.5 15.0 12.0

700,000 (8.6) 23.5 18.5 14.5 11.0 25.0 19.5 15.0 12.0 25.0 20.0 15.5 12.0 25.5 20.5 16.0 12.5

800,000 (8.8) 24.5 19.5 15.0 12.0 25.5 20.0 16.0 12.5 26.0 20.5 16.0 13.0 26.0 21.0 16.5 13.5

900,000 (8.9) 25.0 20.0 15.5 12.5 26.0 21.0 16.5 13.0 26.5 21.0 16.5 13.5 27.0 21.5 17.0 14.0

1,000,000 (9.0) 25.5 20.5 16.0 13.0 27.0 21.5 17.0 13.5 27.0 21.5 17.0 14.0 27.5 22.0 17.5 14.5

PICP Structural Design
Design Tables  (continued)



Hybrid: PICP over PC in Chicago, IL



Hybrid designs can triple ESAL capacity



dsmith@icpi.org
rbowers@icpi.org

Beyond parking lots & alleys to streets
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