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Background 

• While permeable pavements have been around for 
a long time…..1800s in Europe 

• North American versions began in the 1960s 

• Primary goals: 
• Reduce stormwater runoff 

• Improve water quality 

• Reduce flooding 

• Groundwater recharge 

 



Goal of ASCE Standard 

• Maximize value of permeable pavements 

• Assess suitability for a particular site 

• Structural design 

• Hydrologic design 

• Subgrade evaluation  

• Pavement materials selection 

• Design details and construction specifications 

• Construction quality control/assurance 

• Pavement maintenance 
Design, 
Build and 
Maintain 
To Last! 



Site Design 



Decision range and 
scoring guidelines 

should be “calibrated” 
to local experience 

Scores are entered 
based on project 

information; weighting 
of factors can be 

adjusted 

Template Decision Matrix for Permeable Pavement 



Project Suitability 



Project Suitability 



Decision Support Tools 

A.  Primary Evaluation Criteria Part A Weighting:  60

Consideration Weighting Weighted Value Low = 0.2 Medium = 0.6 High = 1

1 Significant Longitudinal Grades High 20.0 20.0 Grades > 5 percent Grades of 3 to 4 percent Grades < 3 percent

2 Geotechnical Risks High 15.0 15.0 High complexity Medium complexity Low complexity

3 Presence of Utilities Medium 25.0 15.0 Waterline > 50 years old Waterline between 30 and 50 years old Waterline < 30 years old

4 Traffic Volume (ADT) High 20.0 20.0 High Traffic Volume Medium Traffic Volume Low Traffic Volume

5 Presence of Bike Paths High 20.0 20.0 Regular/designated use Occasional use No use

Total 100.0 90.0

Weighted Total: 54.0

B.  Secondary Considerations Part B Weighting:  40

Consideration Rating Weighting Weighted Value Low Medium High

6 Groundwater Contamination Risk High 20.0 20.0 Existing contaminants present Potential for contaminants No contaminants present

7 Soil Infiltration Rates Low 20.0 4.0 Infiltration < 0.5 in/hr Infiltration >0.5 in/hr < 1.5 in/hr Infiltration > 1.5 in/hr

8 Potential for Sediment/Biomass Loading High 20.0 20.0 Significant risk of sediment loading Potential risk of sediment loading No risk

9 Target Design Volumes and Runoff Medium 20.0 12.0 Intense storms Moderate frequency/intensity Frequent/non-intense storm

10 Risk of Flooding High 20.0 20.0 Frequent Occasional None

Total 100.0 56.0

Weighted Total: 22.4

Sub Totals
A.  Primary Considerations 60 54.0 From To Implement Alternative

B.  Secondary Considerations 40 22.4 0 65 No

65 75 Can Consider

Grand Total 100 76.4 75 100 Yes

Decision Yes

Performance Scoring Guidelines

Performance Scoring Guidelines

Decision Range

Performance 

Score

Decision Support Tool.xls


Project Suitability 

Site 
No. 

Location Positive Negative 

1  Center Street  No trees, low traffic  Bike lanes, bus traffic, slope,  

2A  Addison West  No trees, little slope  Buses, utilities, contributing area (park) 

2B  Addison East  No bikes, no trees, no buses  Heavy trucks, steep, possible soft soil? 

3  Hopkins Triangle  Low slope, low traffic  Buses 

4A  Cedar West   
 High speed, buses, steep, many trees,  
BART, many utilities 

4B  Cedar East  Minimal trees, no bikes  Buses, residential area 

5  Hopkins Street  No bikes, good pavement 
 Many trees, buses, downspouts in  
curbs, high traffic, narrow road 

6  Warring Street  Many trees, flat slope  Very high traffic, buses, utilities 

7  Allston Way  Some contributing area  Occasional buses 



Project Suitability 

Site No. Location Primary Secondary Total Evaluation 

1   Center Street 43.2 28.8 72.0 Can Consider 

2A   Addison Street West 44.4 28.8 73.2 Can Consider 

2B   Addison Street East 26.4 25.6 52.0 No 

3   Hopkins Triangle 44.4 25.6 70.0 Can Consider 

4A   Cedar Street West 21.6 25.6 47.2 No 

4B   Cedar Street East 40.8 25.6 66.4 Can Consider 

5   Hopkins Street 40.8 25.6 66.4 Can Consider 

6   Warring Street 26.4 25.6 52.0 No 

7   Allston Way 54.0 25.6 79.6 Yes 



Design Tables for PICP 
Accelerated Pavement Testing 
UC Pavement Research Center 

Need: Validated Base Thickness Charts 





Summary of Rutting Models 

Layer Rut Model1 
Moisture 
Condition 

Model Parameters 

a b c 

Combined bedding 
& base 

RDBB = a × h_SB + b 
Dry 
Wet 

0 
-0.012 

4.0 
13.1 

- 
- 

Subbase RDSB = (a × SSRb) × Nc 
Dry 
Wet 

3.10E-06 
3.10E-06 

2.70 
2.70 

1 
1 

Subgrade (Silty 
clay) 

RDSG = (a × SSR + b) × Nc 
Dry 
Wet 

0.03 
0.03 

-0.01 
-0.01 

0.5 
0.5 

1 RDxx, rut depth of xx layer (BB=surface (paver, bedding and base); SB=subbase; 
SG=subgrade), mm; 

 h_SB, thickness of subbase, mm; 
 SSR, shear stress/strength ratio at the top of the layer;  
   N, load repetition; 
 a, b, c, model constants.  



Summary of Rutting Models 



Summary of Rutting Models 

Number of Days in a Year when the 
Subbase has Standing Water (Wet Days) 

50 to 89  90 to 119 120 or more 

Resilient Modulus of Subgrade, 
MPa (CBR) 

Dry 
40 60 80 100 40 60 80 100 40 60 80 100 

Wet 24 
(1.6) 

36 
(3) 

48 
(4.8) 

60 
(6.8) 

24 
(1.6) 

36 
(3) 

48 
(4.8) 

60 
(6.8) 

24 
(1.6) 

36 
(3) 

48 
(4.8) 

60 
(6.8) 

Lifetime ESALs (Traffic Index) 
Minimum Subbase Thickness in mm for ASTM No. 2 Aggregate  

25 mm Allowable Rut Depth 

50,000 (6.3) 175 150 150 150 210 150 150 150 230 150 150 150 

100,000 (6.8) 285 180 150 150 325 215 150 150 340 235 150 150 

200,000 (7.4) 395 285 185 150 430 320 215 150 450 335 235 155 

300,000 (7.8) 455 340 240 160 495 375 275 195 515 395 290 215 

400,000 (8.1) 500 380 280 200 535 415 310 235 555 435 330 250 

500,000 (8.3) 530 410 305 230 570 445 340 260 590 465 355 275 

600,000 (8.5) 555 435 330 250 595 470 360 280 615 490 380 300 

700,000 (8.6) 580 455 350 270 620 490 380 300 640 510 400 315 

800,000 (8.8) 600 470 365 285 640 505 395 315 660 525 415 335 

900,000 (8.9) 615 485 380 295 655 525 410 330 675 540 430 345 

1,000,000 (9.0) 630 500 390 310 670 535 425 340 690 555 440 360 



Structural Design Example 

• Traffic over design life = 196,550 ESALs (say 200,000) 

• Subgrade modulus = 36 MPa (3,500 psi) 

• For days where subbase has standing water: 

• Establish the design soil infiltration rate, e.g. 25 mm (1 in)/day 

• Correct the infiltration depth by dividing by the contributing 

drainage area (CDA) ratio (assume all CDA as 100% impervious 

for estimating purposes), e.g. for 2:1 CDA, corrected depth = 

25/2 = 12.5 mm (0.5 in) 

• Count the days that exceed the adjusted daily infiltration depth 

and add any remaining depth from the previous day that has 

not drained within 48 hours (or other maximum drawdown 

time) 
 
 
 
 
 
 

 



Structural Design Example 

• For days where subbase has standing water: 
• Find historic rainfall for the year (e.g. statistics Canada) 

 

 

 

 

 

 



Structural Design Example 

• For days where subbase has standing water: 
• From rainfall intensity curve of total average annual 

occurrences versus daily precipitation 

• From curve only 20 percent of rain days exceed 12.5 mm (1 in) 
of rain 

• 139 days of rain x 0.20 = 27.8 days can cause standing water on 
the subgrade surface 

 

 

 

 

 

 

 



Number of Days in a Year when the 
Subbase has Standing Water  (Wet Days) 

0 to 9 10 to 29 30 to 49 

Resilient Modulus of Subgrade, 
MPa (CBR) 

Dry 40 60 80 100 40 60 80 100 40 60 80 100 

Wet 24 
(1.6) 

36 
(3) 

48 
(4.8) 

60 
(6.8) 

24 
(1.6) 

36 
(3) 

48 
(4.8) 

60 
(6.8) 

24 
(1.6) 

36 
(3) 

48 
(4.8) 

60 
(6.8) 

Lifetime ESALs (Traffic Index) 
Minimum Subbase Thickness in mm for ASTM No. 2 Aggregate   

25 mm Allowable Rut Depth 

50,000 (6.3) 150 150 150 150 150 150 150 150 150 150 150 150 

100,000 (6.8) 150 150 150 150 210 150 150 150 260 150 150 150 

200,000 (7.4) 230 150 150 150 315 210 150 150 365 255 160 150 

300,000 (7.8) 290 180 150 150 375 265 170 150 425 315 215 150 

400,000 (8.1) 330 220 150 150 420 305 210 150 470 350 255 175 

500,000 (8.3) 360 250 160 150 450 335 240 160 500 380 280 205 

600,000 (8.5) 385 275 185 150 475 360 260 180 525 405 305 225 

700,000 (8.6) 410 295 205 150 495 380 280 200 550 425 325 245 

800,000 (8.8) 425 310 220 150 515 395 295 215 565 440 340 260 

900,000 (8.9) 440 325 235 155 530 410 310 230 585 455 355 270 

1,000,000 (9.0) 455 340 250 165 545 425 325 240 600 470 365 285 

Structural Design Example 



Hydrologic Design - General 



Hydrologic Design – Flow Control 



Hydrologic Design - Infiltration 



Hydrologic Design - Partial 



Hydrologic Design - Slopes 



General Baffle Construction 







Hydrologic Design - Monitoring 



Hydrologic Design - Buildings 



Design Details 



Design Details 



Line Marking 



Pavement Construction 



Pavement Construction 



Key Construction Features 

• A pre-construction site meeting is critical to the success of  

the permeable pavement installation 

 



Pre-Construction Checklist 

• Review erosion and sediment control plan/stormwater pollution 
prevention plan 

• Determine when the pavement will be built in the construction 
sequence and measures for protection 

• Identify aggregate material stockpile locations 

• Review test (mock-up) location and criteria for acceptance 

• Contractor’s methods for keeping all materials free from 
sediment during storage, placement, and on completed areas 

• Contractor’s methods for checking slopes, surface tolerances, 
and elevations 

 



Pre-Construction Checklist 

• Diagrams of laying/layer pattern, stitching requirements (PICP) 
and joining layers  

• Testing intervals for aggregates, edge restraints and for the 
surface materials 

• Testing lab location, test methods, report delivery, contents and 
timing 

• Contractor’s quality control and assurance methods and 
reporting 

• Engineer inspection intervals and procedures for correcting work 
that does not conform to the project specifications 



Light Weight Deflectometer (in-situ test) 

• ASTM D2583 for surfaces or D2835 for soils 
and bases  

• Weight dropped onto plate from standard 
height 

• Sensor measures impact load 
• Geophones measure pavement deflection 
• Estimates resilient modulus or level of 

compaction via deflection 
 



Underdrain Placement 

• Installed in a trench the lowest point of the 
pavement subgrade 

• Surrounded with open-graded aggregate 
offering protection during construction 

• Pipes should be perforated, polyvinyl 
chloride (PVC), minimum 0.5 percent slope 
to an outlet 

• Pipe spacing and size should be selected to 
ensure that the pavement does not flood 
and become completely saturated during 
storm events 

 



Geosynthetics 

• Generally placed vertically against the 
walls of excavated soil to separate the 
permeable pavement from adjacent soils 

• Polyvinyl chloride or high density 
polyethylene 

• Separates the base/subbase from adjacent  
pavements / buildings 

• May enclose the sides and bottom to 
create a no infiltration design for water 
storage and flow control 



Pavement Maintenance 

• Inspection tasks may include the following: 

• Review maintenance and operations records and incidences 
to determine if there have been any issues 

• Document general site features, take photographs, etc. 

• Note any surface contamination or clogging 

• Note obvious sources of surface contaminants 

• Identify the extent and severity of any damage or 
deficiencies (e.g. settlement, ponding, cracked pavers, etc.) 

• Identify any changes in adjacent land use that may impact 
contributing area runoff 



Pavement Maintenance 

• Inspection tasks may include the following: 

• Inspect vegetation around PICP for cover and soil stability 

• Ensure edge restraints are performing 

• Check underdrains to ensure that they are still draining 
water from the pavement structure 

• Check observation wells for water storage 

• If a significant reduction in permeability from the last 
inspection, complete infiltration testing 
 



Permeability Testing – ASTM C1781-13 



Permeability Improvements 



Permeable Paver Joint Aggregate 

• Top up of joint aggregate within 6 months of construction 



Localized Settlement Repair 

• Remove pavers from affected area 

• Level bedding layer, add new material as necessary 

• Replace pavers and jointing material 



Underdrain Cleanout 



ASCE Standard Schedule 

• Standard is currently out for public comment 

• Pubic comment period closes on April 1, 2018 

• Committee will review and address all comments 
and make modifications if necessary 

• ASCE editors will complete final review and then 
public the standard 

• Several member of the ASCE PICP standards 
committee are here at the conference (many 
thanks for their hard work) 

 



 
Lori Schaus, MASc., P.Eng 
Senior Pavement Engineer 
Applied Research Associates, Inc. 

Thank  you 




