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Executive Summary 

 This report is one of three on the subject of Portland cement pervious pavements 

and reports on the construction practices and maintenance of the pervious concrete system to 

achieve a hydraulic effectiveness.  Field sites for existing pervious concrete parking were located 

in Florida, Georgia, and South Carolina.  It is hoped that by developing more standardized 

installation methods, and documentation of infiltration performance, wider acceptance of 

Portland cement pervious pavement can be achieved.      

Objectives for selecting the sites were to evaluate the clogging potential of existing 

pervious concrete systems, to analyze rehabilitation techniques and develop installation 

specifications for the construction of Portland cement pervious concrete specific to the 

geographic site locations.  Initially, infiltration rate data were collected for a pervious concrete 

system in a field laboratory with test cells containing typical Florida sandy soil conditions and 

groundwater elevations.  Next, these field laboratory data were compared to actual data from 

multiple paving sites of long service life (6-20 years) in the three States.   

Eight existing parking lots were evaluated to determine the infiltration rates of pervious 

concrete systems that received relatively no maintenance.  Infiltration rates were measured using 

an embedded single-ring infiltrometer developed specifically for testing pervious concrete in an 

in-situ state.  The average infiltration rates of the pervious concrete that was properly constructed 

at the investigated sites ranged from 0.4 to 227.2 inches per hour.  A constant head was used for 

comparative purposes.   

A total of 30 pervious concrete cores were extracted and evaluated for infiltration rates 

after various rehabilitation techniques were performed to improve the infiltration capability of 

the concrete.  The techniques were pressure washing, vacuum sweeping and a combination of the 
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two methods.  By evaluating the effectiveness of these rehabilitation techniques, 

recommendations have been developed for a maintenance schedule for pervious concrete 

installations.  For properly installed sites, it was found that the three methods of maintenance 

investigated in this study typically resulted in a 200% or greater increase over the original 

infiltration rates of the pervious concrete cores.  It is therefore recommended that as a general 

rule of thumb one or a combination of these rejuvenation techniques should be performed, 

however, with some sites pressure washing may result in the release of pollution to the receiving 

waters and thus vacuum sweeping is preferred or recommended choice. 

Construction specifications were suggested for Portland cement pervious concrete 

pavement in regional conditions typical to the States of Florida, Georgia, and South Carolina 

based on current construction practices and updated as a result of this research.   It should be 

stressed that contractor qualifications by certification is one of the most important practices 

related to the installation of pervious concrete.  
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CHAPTER ONE: INTRODUCTION  

1.1:  Introduction 

Porous concrete is a unique cement-based product whose porous structure permits free 

passage of water through the concrete and into the soil without compromising the concreteôs 

durability or integrity.  Also referred to as enhanced porosity concrete, pervious concrete, 

Portland cement pervious pavement and pervious pavement, porous concrete is a subset of a 

broader family of pervious pavements including porous asphalt, and various grids and paver 

systems.  Portland cement pervious concrete is the primary interest within this report. 

Portland cement pervious concrete is a discontinuous mixture of coarse aggregate, 

hydraulic cement and other cementitious materials, admixtures and water.  The porosity of the 

pervious pavements is provided by emitting all or most of the fine aggregates.  Typically, 

Portland cement pervious concrete has a void content in the 15 to 25 percent range, which 

imparts the necessary percolation characteristics to the concrete.  In 2001 the American Concrete 

Institute (ACI) formed committee 522, ñPervious Concreteò to develop and maintain standards 

for the design, construction, maintenance, and rehabilitation of pervious concrete such as 

Portland cement pervious concrete.  This recent interest in porous materials as a substitution for 

impervious surfaces can be attributed to desirable benefits of stormwater retention and structural 

features of conventional pavement which Portland cement pervious concrete offers.    

Highly urbanized areas have a drastic impact on the ratio of impervious to pervious 

surface areas within a region and increase the volume of stormwater in surface discharge.  By 

substituting impervious pavement with pervious paving surfaces water is given access to filter 
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through the pavement and parent soil, allowing for potential filtration of pollutants in the 

stormwater.  The U.S. EPA has published a Porous Pavement fact sheet (EPA, 1999) that lists 

the advantages of pervious pavements as follows: 

 Water treatment by pollutant removal 

 Less need for curbing and storm sewers 

 Improved road safety because of better skid resistance 

 Recharge to local aquifers 

  The disadvantages of pervious pavements include restricted use in cold regions, arid 

regions or regions with high wind erosion rates, and areas of sole-source aquifers (Pratt, 1997).  

In addition, the use of porous concrete is highly constrained, requiring deep permeable soils, 

restricted traffic, and adjacent land uses.  Although Portland cement pervious concrete has seen 

increased use in recent years, there is still very limited practical documented experience with the 

material.  Also, porous pavement sites have had a high failure rate, approximately 75 percent 

according to the EPA, which has been attributed to poor design, inadequate construction 

techniques, low permeability soil, heavy vehicular traffic and poor maintenance (EPA, 1999).  

Failure is determined when the pervious pavement can no longer function as a stormwater 

retention material due to clogging or as conventional pavement due to structural failure. 

In response to the high failure rates and limited practical experience with porous concrete 

and with new regulations pending on ñpost equal preò volume budgets for stormwater 

management, a current and updated assessment of the performance of pervious pavements has 

been conducted within this report.  Specifically, an investigation has been undertaken which 

addresses the development of installation practices for the proper construction and maintenance 

of Portland cement pervious concrete.  Addressed in this report is the field and laboratory 
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investigations performed to analyze the effectiveness of current construction methodologies and 

the clogging potential of installed pervious concrete systems to analyze rehabilitation techniques. 

1.2:  Background  

Extreme urban growth has been a problem in the United States for decades and 

environmental problems associated with urban land development have grown significantly 

serious.  Specifically, the hydrology of a developing area is severely impacted by the increase in 

impervious surface areas from roofs, roads and parking areas.  These structures and storm sewers 

increase the total volume of runoff and increase peak stream flows that lead to downstream 

flooding, stream instability and endanger water quality (Field & Singer, 1982).   

      With the realization of the effects of urbanization on the hydrological environment 

many communities and agencies, such as the EPA, passed laws encouraging land developers to 

practice stormwater management on their properties.  Today, state and municipal governments as 

well as Water Management Districts (WMD) have a great interest in finding solutions for excess 

stormwater runoff and the associated water quality issues. 

Common approaches to stormwater management focus primarily on detaining and 

retaining excess runoff on the site.  Another alternative approach is to reduce the amount of 

impervious surfaces added to a site and, by doing so, reduce the generation of excess runoff.  The 

installation of porous concrete in parking or low traffic roadways is one of the techniques 

utilizing this non-generation approach. 

Today, probably the most extensive use of this type of stormwater management has been 

in Tokyo, where it is estimated that some 494,000 m
2
 of porous pavement have been constructed 
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since 1984 (Pratt, 1997).  The main incentive for the use of porous pavements in Tokyo was the 

need to reduce the peak flows in the urban channelized rivers, where flooding in the densely 

populated areas was causing enormous damage and was a threat to life.  In addition to providing 

significant decreases in river flows, other benefits such as the raising of groundwater levels, 

reduction of ground settlement, conservation of urban ecology (especially trees), and moderation 

of temperatures in the urban districts by local evaporative cooling has been generated by 

adopting this stormwater management technique (Pratt, 1997). 

Another more recent study on porous pavements was conducted in Rezé, France where a 

comparison of the pollutant loading of runoff waters either collected at the outlet of a porous 

pavement with reservoir structure or coming from a nearby catchment drained by a conventional 

separate sewerage system was done to determine the impact of the reservoir structure on the 

quality of both runoff water and soil.  Data were collected that included approximately forty rain 

events during a four-year water quality survey at the experimental site (Legret & Colandini, 

1999).  It was determined during this study that the quality of water is significantly improved by 

the passage through the porous pavement with a significant reduction in the pollution loads (SS, 

Pb, Cu, Cd, and Zn).  (Legret & Colandini, 1999) Also, further samples taken from both the 

porous pavement and the soil underneath showed that metallic pollutants are mainly retained in 

the porous asphalt and that the soil under the structure did not present any significant 

contamination after the eight-year period during which the pavement was in operation (Legret & 

Colandini, 1999). 

These examples of porous pavement use in Tokyo, and Rezé, demonstrate how porous 

pavements can be an effective means of reducing the runoff rates, volumes, and water quality 
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degradation resulting from urbanization, or other land use changes.  Although utilizing a 

pervious pavement material, neither of these cases made use of Portland cement pervious 

concrete, the porous material used in this study. 

The earliest report of Portland cement pervious concrete installation in the United States 

was during the early 1970ôs in Clearwater, Ft. Myers, Naples and Sarasota, Florida  (FCPA, 

1990).  The sandy soil conditions under the pervious pavement made these locations ideally 

suited for its application.  Multiple concrete cores and field evaluations were conducted on these 

sites throughout Florida, Georgia, and South Carolina to evaluate the permeability, infiltration 

rate and durability of the Portland cement pervious concrete after years of service.  The sites 

evaluated ranged from four to eight years of service life with very little maintenance. It was 

found that most of the sites evaluated experienced minor raveling in isolated areas and decreased 

permeability, approximately 40% reduction of original permeability, within the porous concrete.  

The subgrade conditions encountered did not appear to have changed significantly after years of 

service with very little decrease in permeability (FCPA, 1990). The test results of the pavement 

sections showed that under actual field service conditions Portland cement pervious concrete 

continued to demonstrate its ability to function as a stormwater system while also providing a 

structural pavement for traffic loadings.  However, these data are limited and dated and there is a 

strong need for current and updated investigations of the long-term performance of Portland 

cement pervious concrete. 

In addition to reducing runoff volume and rate and pollutant loads in stormwater, porous 

concrete is also an effective source for surface water storage and transmission.  Conventional 

stormwater and environmental considerations include either wet or dry retention areas or an 

exfiltration installation.  Although widely used, these systems require extensive land 
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requirements, concentrate pollutants, require expensive maintenance, functionally deteriorate and 

are expensive.  Generally, Portland cement pervious pavement is a viable option to satisfy the 

stormwater quality regulations in any area with favorable soil conditions.  A designer can utilize 

the storage and filtration capacity above the water table of the natural soil or fill materials plus 

the pavement as stormwater retention storage (FCPA, 1990).  This method of storage is 

considered a layered storage method, with each layer above the seasonal high water table 

elevation having a measurable storage capacity (FCPA, 1990).  Similar to a conventional 

retention pond, the Portland cement pervious pavement must provide the reservoir capacity to 

store the first one-half inch of untreated runoff and recover that volume within a 72 hour time 

period following a storm (FCPA, 1990). Currently a consistent statewide policy has not been 

established in reference to credit for storage volume within the voids in the pavement and coarse 

aggregate base.  However, in an attempt to provide an estimate of credit, Josh Spence with the 

University of Central Florida, created a mass balance model to be used for simulation of the 

hydrologic and hydraulic function of pervious concrete sections.  The purpose of the model is to 

predict runoff and recharge volumes for different rainfall conditions and hydraulic properties of 

the concrete and the soil (Spence, 2006).  Further analysis of the effect of ground water elevation 

and soil type on the storage capacity of Portland cement pervious concrete design sections is 

needed to develop a statewide policy for credit towards porous concrete storage volume.   

The field derived hydraulic data were used to simulate infiltration volumes and rainfall 

excess given a year of rainfall as used in a mass balance operated from a spreadsheet.  The 

results can be used for assessing stormwater management credit. 

         The typical cross-section of a porous concrete system depicted in the EPA Porous 

Pavement fact sheet involves four layers: porous concrete layer, filter layer, stone reservoir layer 
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and filter fabric (EPA, 1999).  The porous concrete layer consists of an open-graded concrete 

mixture usually ranging from a depth of 4 to 8 inches.  To provide a smooth riding surface and to 

enhance handling and placement, a coarse aggregate of 3/8-inch maximum size is normally used.  

The filter layer consists of a crushed stone, which serves to stabilize the porous asphalt layer and 

can be combined with the reservoir layer using suitable stone.  The reservoir layer is a gravel 

base, which provides temporary storage while runoff infiltrates into underlying permeable soils 

and is typically made up of washed, bank-run gravel or limestone fragments of 1.5 to 3 inches in 

diameter with a void space of about 30% (EPA, 1999).  The depth of this layer depends on the 

desired storage volume, which is a function of the soil infiltration rate and void spaces.  The 

layer should be designed to drain completely in a minimum of 12 hours or a maximum of 72 

hours, while 24 hours is recommended. (EPA, 1999)  The filter fabric lines the sides of the 

reservoir to inhibit soil migration into the reservoir that can cause a reduced storage capacity.  

Special care must be taken during construction to avoid undue compaction of the underlying 

soils, which could affect the soilsô infiltration capability.  In Figure 1, a typical porous pavement 

cross section is shown.     

 

Figure 1: Typical Porous Pavement Cross Section (EPA, 1999) 
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Various modifications or additions to the standard design have been implemented to pass 

flows and volumes in excess of the storage capacity or to increase the storage capacity of porous 

concrete sections.  The placement of a perforated pipe near the top of the reservoir layer allows 

the passage of excess flows after the reservoir is filled.  Also, the addition of a sand layer and 

perforated pipe beneath the stone layer can allow for filtration of the infiltrated water.  Native 

sandy soils can have naturally high permeability, and pervious concrete may be placed directly 

on top of the native soil once the site has been stripped and leveled without the need for a 

reservoir layer (Offenberg, 2005). 

 Porous concrete systems are typically used in low-traffic areas, such as, parking pads in 

parking lots, residential street parking lanes, recreational trails, golf cart and pedestrian paths and 

emergency vehicle and fire access lanes.  Heavy vehicle traffic use must be limited to ensure 

raveling or structural failure does not occur in the porous pavement surface, which may fail 

under constant exposure to heavy vehicle traffic.  The slopes of these installations should be flat 

or gentle to facilitate infiltration versus runoff and the EPA recommends a four-foot minimum 

clearance from the bottom of the system to the water table if infiltration is to be relied on to 

remove the stored water volume (EPA, 1999). Figure 2 shows a typical porous concrete 

installation. 

Given suitable site conditions, Portland cement pervious concrete can reduce the need for 

stormwater drainage systems and retention ponds required for impermeable pavements by 

stormwater regulations.  This has the advantage of generally lowering installation costs and 

allows for increased utilization of commercial properties.  Also, a further benefit of substitution 

of pervious surfaces for impervious ones is the acquisition of credit based on the volume of the 

stormwater that can be stored and allowed to replenish the aquifer.  Currently in the St. Johns 
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River WMD, credit is not given for Portland cement pervious concrete without current and 

updated investigations of the material that address the design cross-section profile including 

materials and dimensions for use in sandy type soils and the location of the groundwater table 

(Register, 2004). 

 

Figure 2: Typical Porous Concrete Installation 

1.3:  Current State of the Art 

The most recent design procedures and specifications for Portland cement pervious 

concrete can be found in the Portland Cement Pervious Pavement Manual (FCPA, 1990) or the 

EPA Storm Water Technology Fact Sheet for Porous Pavement (EPA, 1999).  These documents 

contain general guidelines for the use of porous pavements that are based on limited performance 


