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A sign at a park in Massachusetts.
Image source: MAAPA 

Porous pavements developed as early as the 1930s



Full Depth Permeable Pavement

ÅWater infiltrates 
through permeable 
pavement surface 
and other layers

ÅStored in gravel layer 
(~40% voids)

ÅWater infiltrates into 
soil or is collected by 
drain tile



Benefits Permeable
Pavement

ÅVolume reduction

ÅImproved water quality

ÅHydroplaning resistance

ÅSpray reduction

ïIncreased visibility

ÅSmoother ride

ÅNoise reduction

ÅLess salt required

Impermeable pavement

Permeable Pavement

Images source: Barrett 2008



Types of Permeable Pavement
ÅPorous Asphalt

ÅPervious Concrete

ÅPermeable Pavers

ÅPermeable Articulated 
Concrete Blocks

NAPA

ICPI SDRMCA



ÅNo uniform or standard design across industries

ÅSee Weiss et al. (2015) for design recommendations

ÅExamples of design variations:

ïNAPA: AASHTO design w/ SN. Use non-woven geotextile.

ïACPA: PerviousPave, uses model developed for StreetPave. 
Use geotextile liner.

ïICPI: AASHTO w/ SN. Geotextile fabric is optional

Permeable Pavement Design



Keys for Success

ÅProper 
Construction

ïMix design

ïCompaction

ïVoid ratio

ïCuring

ÅProper and 
regular 
maintenance

Photo courtesy of M. Maloney, Shoreview, MN



Summary of Hydraulic Performance

ÅSurface infiltration rates decrease but are not 
rate limiting

ÅMethod needed to determine permeability of 
sub-base before design

ÅGeotextile fabrics can reduce/eliminate 
infiltration

ÅInfiltration rates are maintained through 
winter

Photo http://ih.constantcontact.com/



Summary of Water Quality Impact

ÅRemoves solids & solid-bound contaminants

ÅMass load reduction often through infiltration

Photo http://switchboard.nrdc.org/

ÅNitrification may 
occur (ammonium to 
nitrate), but total N 
removal is low

ÅDissolved 
phosphorus removal 
is minimal



Summary of Maintenance
ÅSurface cleaning is effective but variable

ÅParticle removal (top ¼ inch) is major issue

ÅPressure washing (45o ) and/or vacuuming with 
regenerative air sweepers is most effective

ÅBrushes can push material farther into voids

ÅClean multiple times per year

Vacuum Regenerative Air

Images: Elginsweeper.com



Impact of Vacuuming

Permeable articulated concrete blocks/mats before (A) and 
after (B) cleaning with a VacHead.

A B

(Photo courtesy of University of Louisville and D. Buch, PaveDrain, LLC).



Summary of Maintenance

ÅMajor cause of clogging is reduction of surface 
pavement void space:

ïHeavy loads

ïParticles

ïLack of maintenance

ÅNo standard to measure or evaluate clogging
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Porous Asphalt Paired 
Intersections ςRobbinsdale, MN 

Constructed 2009-2010

Construction in September 2010 (Wenck2014)

ÅObjective was to evaluate potential salt load 
reduction on porous asphalt pavements

ÅAlso durability, maintenance, and water quality



ÅTMDL study for Shingle Creek, 
MN: Reduce Cl by 81%

ÅTwo porous asphalt pavement 
intersection constructed: 1) Sand 
sub-base, 2) Clay sub-base

ÅDesigned for 2-yr storm

ÅThe porous asphalt sections were 
not salted during the winter

ÅConventional asphalt sections 
were salted

Paired Intersection Study

(thenewsherald.com)



сέ ŘǊŀƛƴ ǘƛƭŜ

Geotextile

пέ !ǎǇƘŀƭǘ

aŀȄ нέ ŎƘƻƪŜǊ ŎƻǳǊǎŜ όлΦрέ 
crushed stone)

Paired Intersection Study

мнέ wŜǎŜǊǾƻƛǊ [ŀȅŜǊ 
όмΦрέ-нΦрέ ǎǘƻƴŜύ

K

Porous Asphalt Cross-Section (Wenck2014)



ÅPorous asphalt sections: ~150 feet 
long by ~28 feet wide (4200 square 
feet) 

ÅCost: Site 1 was $42,670 

Site 2 it was $32,200.

ÅSite 1 construction was negotiated 
as part of a change order. Site 2 
the contract was awarded to the 
low bidder.

Paired Intersection Study



ÅWinter reservoir temperatures 
warmer than the pavement 
temperature

ÅReservoir air voids provided insulation

ÅInsulation minimizes winter freezing 
and keeps reservoir temperatures 
cooler in spring

Paired Intersection Study
Results



ÅSuggests winter infiltration into 
subgrade is possible

ÅConventional pavement sites were 
slushier than the porous asphalt 
sites due to infiltration into PP

ÅBare pavement on the porous test 
sections comparable to 
conventional sections but had a lag 
of 2 to several hours

Paired Intersection Study
Results



Slush gathering and refreezing on 
the traditional asphalt at Site 1 
on January 17, 2010

Paired Intersection Study

Slush free porous asphalt on 
January 17, 2010

Wenck2014



Site 1 Test Section looking south

Paired Intersection Study

Wenck2014



ÅThe unsalted, porous asphalt sections had a 
similar amount of bare pavement compared to 
salted, conventional asphalt sections 

ÅThe porous pavement over sand subgrade was 
more effective for ice control compared to the 
porous pavement on clay subgrade,

ïporous asphalt on sand can infiltrate all or 
most of the runoff

ïOn clay, frequent overflows were observed

ÅPorous asphalt sections have been durable 
without any special snow plow equipment or 
adjustments

Paired Intersection Study
Lessons Learned



ÅEffective maintenance on the porous 
asphalt sections appears to be 
vacuuming twice per year and 
patching with traditional asphalt, as 
necessary

ÅPorous asphalt intersections have 
potential as an ice-control 
management practice in certain 
situations

Paired Intersection Study
Lessons Learned



UNH Porous Asphalt Parking Lot

Winters of 2006-2007, 2007-2008

Photo from Roseenet al. 2014



UNH Porous Asphalt Study
ÅEach lot = 5000 ft2

Åпέ ƻŦ ǇƻǊƻǳǎ ŀǎǇƘŀƭǘ

Å18% voids, 5.8% asph.

ÅFilter Course: K=10-60 
ft /day at 95% comp.

ÅFilter blanket prevents 
migration of fines

Å21 inch stone reservoir

ÅUnderdrain 12 inches 
above bottom

Image from Roseenet al. 2014



UNH Porous Asphalt Study

ÅPA lot received 25% of 
typical salt load of 3 
lb/1000 sf
ÅDMA received 100% of 

typical salt load
ÅFrost penetration 
ŘŜŜǇŜǊ ƻƴ t! όнтέ ǾǎΦ 
муέύ
ÅPA lot thawed ~30 

days before DMA
Å25% of runoff 

infiltrated in PA (Type 
C soils)

a) PA at 11:20 AM; b) PA at 1 PM; 
c)  DMA at 11:20 AM; d) DMA at 1 Pm     (Roseenet al. 2014)



UNH Porous Asphalt Study

Lots one hour after plowing (-4o C)
(Photo: UNHSC)

UNHSC



UNH Porous Asphalt Study
ÅPA exported nitrate;
ÅPA: no impact on TP;
ÅPA reduced TPH 

(1970 mg/L to 166 
mg/L

Pavement after freezing rain: a) PA, b) DMA
(Roseenet al. 2014)

ÅPA reduced TSS (54 
mg/L to 6 mg/L)
ÅPA mean infiltration 

rate = 1700 in/hr after 3 
yrs& no maintenance



UNH PA Parking Lot Study-Conclusions

ÅPA with 25% of salt load had same snow/ice cover as 
DMA lot

ÅSalt loads could be reduced by 64% with no 
compromise in safety

ÅPA froze but maintained high infiltration capacity

ÅPA had higher skid resistance (for wet, snow, & 
compacted snow)

ÅMore salt applications may be necessary

ÅPA particles were found in voids after winter

Roseenet al. 2014.                             Photo: Heather Lynn Peters



Woodbridge Neighborhood-Shoreview, 
MN

Pervious Concrete, constructed in 2009. 
Photo courtesy of M. Maloney



Woodbridge Neighborhood

Photo courtesy of M. Maloney

Initially:

Å38 ac, fully developed

Å9000 yd2 of asphalt

ÅStorm drainage 
concerns

Needed to:

ÅReplace road, 
upgrade utility, 
improve stormwater 
management

ÅTotal cost = $15M



Woodbridge Neighborhood

Project construction. Photo courtesy of M. Maloney  

Why PC?
ÅFree draining soils
ÅAdvances in mix designs and placement techniques
ÅSame cost as conventional asphalt with storm drains



Woodbridge Neighborhood -
Construction

Curing of Pervious Concrete.
Photo courtesy of M. Maloney

Åмуέ ŎǊǳǎƘŜŘ ǊƻŎƪ ǊŜǎŜǊǾƻƛǊ
ÅTri-roller screed for consolidation
ÅCuring fabric used instead of poly sheeting placed 

within 1 minute (7 day duration)
ÅMix Design: 125 PCF, 21% air voids (+/- 3%)
Åтέ ƻŦ ǇŜǊǾƛƻǳǎ ŎƻƴŎǊŜǘŜ
ÅмΦрέ wŀƛƭǊƻŀŘ ōŀƭƭŀǎǘΣ му-олέ ǘƘƛŎƪ
Å$86.30 per SY
ÅSaw cut joints 24-48 hours after pour



Woodbridge Neighborhood -
Maintenance

Project Construction.
Photo courtesy of M. Maloney

ÅRegenerative air sweeper (no brushes); ~ every 6 
weeks
ÅNo salt or sand application
ÅPlowed by one-ton pickup w/ regular plow
Å/ƭƻƎƎƛƴƎ ƻŎŎǳǊǎ Ƴƻǎǘƭȅ ƛƴ ǘƻǇ ѻέ ƻŦ ǇŀǾŜƳŜƴǘ
ÅMaintenance has maintained infiltration rates of 

300-500 in/hr in most areas 


