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Permeable Pavement Design, 
Elements and Case Studies

David K. Hein, P.Eng., M.ASCE

Distribution of the webinar materials outside of your site is prohibited. Reproduction of the materials and pictures without a written permission of the 
copyright holder is a violation of the U.S. law.
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 Principal Engineer, Applied Research Associates, Inc.
 Over 35 years of experience in the design, evaluation and 
management of pavements
 Responsible for transportation asset management practice
 Extensively involved with ASCE

 T&DI Board of Governors, Past President, 2018

 Chair of the Interlocking Concrete Pavement Committee

 Chair of the Permeable Pavement Committee

 Chair of the large element paving slab standards committee (new)

 Teaching and training through pavement related webinars

David K. Hein, P.E.
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The Problem ‐ Increased Flood Flows

Urban Area Flooding
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The Problem ‐Massachusetts
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Infrastructure Damage
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The Problem ‐Water Quality
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Permeable Pavements –
A Green Solution

 In percolating soils, increases infiltration

 Reduces stormwater volume/peak flows

 Reduces stormwater pollutant load

 Decreases downstream erosion
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Early Permeable Pavements
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Pavement system designed to permit the infiltration of surface water

Pervious, Porous & Permeable Pavements
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Porous Asphalt
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Porous Asphalt

 Advantages

 Cost

 Materials & construction experience

 Disadvantages

 Materials susceptible to water damage

 Usually used for short‐term storage only

 Lower relative strength
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Pervious Concrete
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Pervious Concrete

 Advantages

 Structural strength

 Availability of materials

 Disadvantages

 Slow construction process

 Potential material issues

 Higher initial cost
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Permeable Interlocking Concrete
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Permeable Interlocking Concrete

 Advantages

 Ease of construction

 High surface infiltration options

 Aesthetics

 Ease of maintenance and repair

 Disadvantages

 Typically higher cost

 Limited to lower‐speed roadways

13

14



8

15
University of North Carolina

Other Permeable Products

16

Permeable Pavement Function

Permeable Surface

Open Graded Base

Open Graded Subbase

Subgrade

Permeable Surface

Open Graded Base

Open Graded Subbase

Subgrade

Outlet Pipe

Permeable Surface

Open Graded Base

Open Graded Subbase

Subgrade

Outlet Pipe
Impermeable Liner
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Design Guides
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Variety of Design Software Applications
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Structural Design ‐ AASHTO
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2- and 3-axle trucks 0.5

4-axle trucks 2.3

5-axle trucks 1.6

6 and + axle trucks 5.5

 

Subgrade Soil

Base/Subbase

Axle
Load

Surface

Heavy Vehicle Loading

22

Subgrade Support – Resilient Modulus

 Dynamic stiffness 
under repeated 
load

 AASHTO T 294‐921
 Permanent 

Deformation

21

22



12

23

Subgrade Infiltration Design Rate
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Infiltration Test Apparatus
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Reliability Serviceability

Standard Error = Typically 0.44 for low-volume roads

Reliability, Serviceability and Standard Error
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Structural Design Example

 Structural design for:
• 172,000 ESALs
• Subgrade modulus = 40 MPa (5,800 psi) 
• Initial serviceability = 4.1
• Terminal serviceability = 2.2
• Reliability = 70 percent
• Standard error = 0.44

 Calculated required structural number from the 
AASHTO design equation = 63 mm (2.5 in)
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Layer Required

Layer

Thickness

Structural Layer 
Coefficient

Structural 

Equivalency

Number

Paving 130 mm x 0.30 = 39 mm

Base 100 mm  x 0.06 = 6 mm

Subbase 300 mm x 0.06 = 18 mm

Total (SN) 63 mm

Paving 5 1/8 in x 0.30 = 1.54 in

Base 4 in x 0.06 = 0.25 in

Subbase 12 in x 0.06 = 0.72 in

Total (SN) 2.5 in

Thickness Required
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Pavement Structure:
Type and thickness of 

pavement layers

Drainage Design:
Drainage features 
and characteristic

Structural  Analysis Hydrological
Analysis

Is the 
drainage 

adequate?

Consider changing
• Drainage characteristics

No
Consider changing
• Thickness of pavement 

granular layers

Yes

Pavement Structure:
Type and thickness of 

pavement layers

Drainage Design:
Drainage features 
and characteristic

Structural  Analysis Hydrological
Analysis

Is the 
drainage 

adequate?

Consider changing
• Drainage characteristics

No
Consider changing
• Thickness of pavement 

granular layers

Yes

Tools for Hydrologic and Structural Design
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Define the Pavement and Surrounding Area
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Site Design
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Site Design
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Sources of Water – Contributing Area
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Define Pavement Material Properties
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Material Properties – Pervious Pave
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Porosity and Permeability
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Traffic Analysis for Structural Design
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Traffic Analysis – Pervious Pave
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AASHTO Structural Design Analysis
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Hydrologic Conditions and Design Storms

40

Calculate Total Water In‐Flow
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Select Drainage Parameters and Conditions
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Layer Information

Paving Layer Concrete Pavers + ASTM No 8 Stone

Structural Coefficient 0.3

Structural Number 1.54 in

Thickness 5.125 in

Base Material ASTM No 57 Stone

Structural Coefficient 0.09

Structural Number 0.2 in

Thickness 4.0 in

Porosity 0.347

Void Ratio 0.53

Permeability 2,720 in/hr

Subbase Material ASTM No 2 Stone

Structural Coefficient 0.06

Structural Number 0.66 in

Thickness 11.0 in

Porosity 0.318

Void Ratio 0.47

Permeability 31,051 in/hr

Subgrade Material

Subgrade Strength 7,200 psi

Porosity 0.353

Void Ratio 0.55

Permeability 0 in/hr

Results
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Structural Design Information

Average Annual Daily Traffic

Design ESALs 75,000

Design Structural Number 2.13

Pavement Structural Number 2.4

Structurally Adequate Yes

Hydrological Design Information

Rainfall Location Midland, TX

Storm Type II

Storm Return 
Period (Years)

24‐hour Rainfall 
Intensity in

Satisfies 
Infiltration 
Capacity

Satisfies Storage 
Goal

Satisfies Storage 
Capacity

2 2.6 Yes Yes Yes

5 3.7 Yes Yes Yes

10 4.5 No Yes Yes

25 5.6 No Yes Yes

50 6.4 No No Yes

100 7.2 No No No

Storage goal represents 85 percent of maximum water storage capacity

Results
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Results
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Results

46

Results
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Results – Pervious Pave
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Repeat Analysis to Fine Tune the Design
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Evaluate Site Suitability
Will It Really Work??
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Evaluate Site Suitability
Will It Really Work??
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Construction
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Porous Asphalt Installation
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Pervious Concrete Installation
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Pervious Concrete Installation
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Pervious Concrete
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Permeability Improvements
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Larger Scale Maintenance
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Joint Filler Replacement

 Replenish jointing material 6 months after 
construction and yearly as needed

60

Utility Restoration Guidelines

 Keep all materials clean and free of sediment and debris 

 Minimize excess debris from construction activities and 
equipment entering the permeable surface

 Store all materials away from the permeable surface, otherwise 
separate materials from the permeable surface with a protective 
barrier
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Utility Restoration Guidelines
 Cuts located parallel and close to the wheel path 
should be extended to include the wheel path 

 Cuts located within 3 ft of a curb or construction joint, 
should include the removal of the adjacent road base 
to the edge of the curb or construction joint
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Winter Maintenance

61

62



32

63

Subsurface Inspection Monitoring Well

Open Graded Base

Open Graded Subbase

Subgrade

Insert 100 to 150 mm (4 to 6 
in) into subgrade

Cap flush with pavement

Perforated 
PVC Pipe

Well Cap
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Zorinsky
Recreation 
Complex

Omaha, NE
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Jenner California
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Permeable Clay Brick Pavement
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Burnaby British Columbia

68
Williamsburg, Virginia
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Things Not to DoManhattan, Kansas
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Peterson Air Force Base ‐Warehousing
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71Pringle Creek Subdivision, Salem Oregon

72Subdivision Roads – Portland, Oregon

71

72



37

73Charles City, Indiana
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San Diego County 
Operations Center
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University of North Carolina
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Vancouver Olympic Village
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Permeable Roadway Shoulders

Subgrade Impermeable Liner
(Optional)

Drainage Pipe

Lane Permeable Shoulder

Dense Graded Subbase

Driving Surface

Dense Graded Base
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Heavy Loads
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Really Heavy Loads
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Conclusions

 Permeable pavements can be an integral component of low 
impact design procedures

 Ability to infiltrate and detain stormwater

 Design features permit reduction in water borne chemicals and 
contaminants

 Contributes substantially to “green” sustainable design

 Not for use everywhere

 Requires careful consideration of vehicular and contaminant 
loading
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Carefully consider the site conditions
Both structural and hydrological design

Proper specifications
Pre‐construction meeting

Inspection during construction
Keep the site clean

Make the details count
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ASCE Resources
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