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The Practical Application and Economic and Environmental 
Benefits of Pervious Concrete
INTRODUCTION

Pervious concrete pavement is one of the leading materials used by the concrete industry in effecting significant “Green” industry practices and is recognized as a Best Management Practice by the U.S. Environmental Protection Agency (EPA) for providing pollution control, storm water management and sustainable development.  The increased interest in pervious concrete is due to those benefits in storm water management and sustainable development.  This paper will provide technical information on the application, mixture design and construction methods of pervious concrete.  It will also discuss many of the environmental and economic benefits of using pervious concrete.

WHAT IS PERVIOUS CONCRETE?

Pervious concrete is a zero-slump, open-graded material consisting of hydraulic cement, coarse aggregate, admixtures and water.  Because pervious concrete contains little or no fine aggregates such as sand, it is sometimes referred to as “no-fines” concrete. When the cement and water are combined, it forms a paste that binds the coarse aggregate together in a hardened product with connected pores that allow water to pass through easily.  The pores can range from 0.08 to 0.32 inches (2 to 8 mm), and the void content usually ranges from 15% to 25% with compressive strengths of 400 to 4000 psi (2.8 to 28 MPa).  However, strengths of 600 psi to 1500 psa (2.8 to 10 MPa) are more common.  Many of the void spaces are interconnected, forming channels that let water and air pass through the pavement.  The draining rate of pervious concrete pavement will vary with aggregate size and density of the mixture, but will generally fall within the range of 2 to 18 gallons/minute/foot2 (81 to 730 liters/minute/m2).  The density and flow rate depends on the properties and proportions of the materials used. Therefore, mix designs must take into account the different aggregates used in each geographic locality.
PERVIOUS CONCRETE MIX DESIGN
As mentioned above, pervious concrete uses the same materials as conventional concrete, except that there is usually little to no fine aggregate.  The quality, proportions and mixing techniques affect many of the properties of pervious concrete, in particular the void structure and the strength.  Freshly mixed pervious should be plastic and capable of being shaped like modeling clay when squeezed by hand.  It should hold its shape without slumping. 

Aggregate

The size of the coarse aggregate used is kept fairly uniform in size (most common is size 89, or 3/8 inch) to minimize surface roughness and for a better aesthetic.  The use of the pervious concrete will dictate the size of the aggregate used, and sizes can vary from ¼-inch to ½-inch (6.35mm-12.7mm) in size.  Aggregate can be rounded like gravel or angular like crushed stone and still make for a good mixture.  The decision about the best aggregate for any project is usually a joint decision between the producer and the contractor.  Part of that decision-making process has to do with the compaction equipment, the availability of materials, the production capabilities and economic concerns.  It is good to remember that rounded aggregate requires less compactive effort than angular aggregate, and can produce higher strength pervious concrete.
Water
Water that is potable is generally fine for use in the mix.  Coarse aggregate should be kept damp before batching, especially if the weather is very hot with low humidity in order to ensure consistency and uniformity from batch to batch of plastic pervious concrete.  If the aggregate is too dry before being mixed, the mixture will not place or compact well.  But excess free water on aggregates contributes to the overall mixing water and will create a wet, soupy mix in which the paste flows off, and the voids are filled. Water to cement ratios should be between 0.27 and 0.30 including any chemical admixtures.  Ratios as high as 0.34 to 0.40 have also been used successfully.  Unlike the relation between strength and water-to-cement ratios in regular concrete, the relationship for pervious is not as well defined.  In pervious, the total paste content is less than the voids content between the aggregates, so making the paste stronger may not reliably lead to increased overall strength.  Needless to say, the water content should be tightly controlled so that the mixture has a sheen to it without it being so soupy that it flows off the aggregate. Optimum water content produces a fully wetted cement paste with a high viscosity that can be described as sticky. 

Cementitious Materials
Portland cements and blended cements may be used in pervious concrete.  Supplementary Cementitious Materials (SCMs) such as fly ash, pozzalans and blast-furnace slag may also be used.  These added materials will affect the performance, setting time, strength, porosity and permeability of the final product.  The overall durability of the pervious concrete is increased with the use of silica fume, fly ash and blast-furnace slag due to the decrease in permeability and cracking.
Admixtures

Some of the same admixtures used in regular concrete can be used with pervious concrete.  Many of these admixtures are retarders, or hydration-stabilizing due to the quick setting time with pervious concrete.  Some of these include water-reducing admixtures (WRA), retarders, hydration stabilizing admixtures (HSA), viscosity modifying admixtures (VMA) and internal curing admixtures (ICA). Air-entraining admixtures reduce freeze-thaw damage and are used in climates with cold wet winters.  A new, proprietary admixture called HydroMax™ facilitates the placement and protection of pervious pavements by significantly speeding up the discharge process while reducing the need for plastic sheeting.  HydroMax™ is a viscosity modifying, internal curing admixture that allows an increase in the water:cement ratio without affecting the mix consistency, and while retaining moisture for the curing of the concrete.   
The National Ready-Mix Concrete Association provides the following chart of Typical Ranges of Materials Proportions in Pervious Concrete

	MATERIALS
	PROPORTIONS

Kg/m3
	PROPORTIONS

Lb/yd3

	Cementitious materials
	270 to 415
	450 to 700

	Aggregate
	1190 to 1480
	2000 to 2500

	Water:Cement ratio 

(by mass)
	0.27 to 0.34
	0.27 to 0.34

	Aggregate:cement ratio

(by mass)
	4 to 4.5:1
	4 to 4.5:1

	Fine:coarse aggregate ratio

(by mass)
	0 to 1:1
	0 to 1:1


One of the distinct and challenging characteristics of pervious concrete mixtures is its low water content that makes it stiffen up much faster than conventional concrete which has a higher slump.  For this reason, the use of retarders to extend the setting time and allow for longer delivery and placement times is critical to a successful placement.  It is also a consideration to facilitate the discharge from and prevent build-up in the mixer trucks. 
PRODUCTION METHODS

Pervious concrete can be truck mixed or central mixed at a batching plant.  Having the mixture prepared at the plant can save time when the delivery schedule is demanding, particularly when an efficient material spreader such as a Laser Screed® is being used for placement.  Pervious concrete, due to its stiffer quality, takes more time to discharge the contents of each truck.  The time between each truck full (eight cubic yards/six cubic meters) should be carefully calculated.  Pervious does not flow as easily down a chute as conventional concrete, but truck placement and mix designs can be adjusted to increase the flow properties to approximately 15 minutes per truck load.  Pervious concrete is perishable after it is batched, and must be discharged within 60 minutes.
TOOLS and EQUIPMENT

The techniques used for placement and compaction of pervious concrete are critical to the overall drainage function of the pervious concrete.  The vibration impact must be kept low to keep from sealing the surface
Small Job
A small job is usually less than one acre (.4 hectares) and may involve small strips of pavement for a driveway or sidewalk or parking stalls.  Strike-off may be done by hand or with a small roller screed. Water should be at hand for moist curing.

Large Job
Large jobs are those that require more than one day to complete and include multiple passes or strips of pavement.  Because pervious concrete is too stiff to be pumped, the handling time for fresh concrete may be longer and the contractor should be sure to prevent the concrete from drying out or hardening too soon.  Maintaining a jobsite that is free from loose dirt is very important, as it can harm the pervious concrete if construction debris contaminates the fresh pour.
Equipment

Some of the hand tools used in conventional concrete placement and finishing are not appropriate for placing and finishing pervious concrete, such as bull-floats, darbies, jitterbugs, hand trowels, fresnoes or power-trowels.  Any tool that might close the surface void space of pervious concrete should be not be used.
It is okay to use larger hand tools such as rollers and roller-jointers to place a compacted smooth surface without closing the void space.  These rollers can be made out of steel pipe and can weigh from 30-40 pounds per foot (13.6-18 Kg).
Roller Screed
Rollers are used to finish the surface of pervious concrete to consolidate it to the required grade level, and to create a smooth surface.  The rollers are typically sections of steel pipe that span the width of the section being placed, with handles on either end for manually rolling the pipe.  Time is always a factor, and roller finishing must be accomplished with the 20-minutes time frame for placing and finishing.
Vibratory Screed
Strike off may be done by a vibratory screed.  Using mechanical equipment to strike-off is preferred.  A full-width vibratory truss screed may be used with a roller screed that compacts as it strikes off. The vibration impact must be kept low to keep from sealing the surface, and rolling should be performed immediately after strike off.
Laser Screed®
Large placements, such as parking lots and extended areas of pavement, are most efficiently and accurately poured using a large laser-guided screed; the SXP™ Laser Screed® is a patented machine only manufactured by Somero Enterprises, Inc.  The SXP is most often used with conventional concrete, especially for large warehouses where floor flatness, levelness and high tolerances are specified.  A special pervious head attachment has been designed specifically for the unique characteristics of pervious concrete, to ensure rapid and even placement.  Because of rapid hardening and high evaporation rates, consolidation should be achieved within 15 minutes of placement to avoid problems.  Several modifications were made to the pervious head attachment in order to function with the zero-slump, sticky characteristics of pervious.  
The pervious head design includes: 

· a plow to move excess material, 

· an auger that cuts the concrete to a desired compaction, 

· spinning rollers that also cut to grade and compact the pervious concrete to desired compaction,

· a floating/compacting roller that knocks down and smoothes the surface of any standing aggregate left behind the spinning roller, eliminating cross rolling the slab,
· a spray bar that coats the floating roller with a release agent after each screeded pass to prevent pervious concrete from sticking to the roller.  The spray bar can also be used to spray concrete sealer on the slab while screeding each pass.

Unlike the multiple passes required when using a roller screed, the pervious head on the SXP can screed pervious concrete in one pass, just as with conventional concrete.  The faster placement time is very important given the short amount of time before pervious starts to set-up.  The SXP can screed 240 square feet (22.3 square meters) per minute to a precise laser-guided level on grade.
PREPAREING THE BASE OR SUBGRADE

In order for the pervious concrete to drain properly, the base and subgrade materials must be permeable, even if highly compacted.  It is important for the concrete and the base materials to have a greater permeability than the underlying soil.  The thickness of the base materials can vary depending on the planned use of the pervious pavement.  Parking area designs usually have six-inch (15.24 cm.) base thickness.  If storm water volume storage needs demand it, then the base thickness may be more than six inches.
Storm Water Storage Capacity
Determining the storm water storage capacity of a pervious concrete pavement system is not difficult.  The storm water storage is calculated from the two layers of the pavement—the base and the pervious concrete.  If a pavement has a six-inch aggregate base (40% voids) and a six-inch pervious concrete layer (20% voids), the storage capacity would be figured as 2.4 inches in the base (6-inches X 0.40) and 1.2 inches in the pervious (6-inches X 0.20).  The total storm water storage volume would be 3.6 inches in a storm event.  Storm drains may be entirely eliminated given a properly designed and constructed pervious pavement storm water system.

WEATHER CONSIDERATIONS

Hot Weather
As with conventional concrete, pervious concrete can be placed and finished in all sorts of weather conditions, with the same types of precautions taken. Hot weather concreting techniques should be used if the weather is hot such as a motorized sprayer with a fogging nozzle to retain moisture and making sure the grade material is damp before placing.  Additional amounts of retarding admixtures are necessary to delay the setting time until the pavement can be covered.  Adding ice to the load to keep it cool can be done, provided the added water from the melting ice is accounted for.

Cold Weather
Contrary to many misconceptions, areas that experience extreme freeze-thaw cycles can have successful placements of pervious concrete.  The critical component to this success is in how well the base drains before or during a freeze cycle.  The use of thermal blankets to cover the pavement to protect it from freezing during the first three to seven days is recommended.  The same techniques used with conventional concrete are employed during the installation of pervious concrete in extreme weather conditions. 
THE ENVIRONMENTAL BENEFITS OF PERVIOUS CONCRETE
In the simplest terms, the best environmental benefit of pervious concrete is that it returns rain water to the ground, recharging ground water and aquifers, and eliminating storm water run-off.  
The United States Environmental Protection Agency (EPA) recognizes pervious concrete as a Best Management Practice for providing first flush pollution control and storm water management. By allowing the first flush of rainfall to percolate into the ground, any pollutants are naturally treated via the soil chemistry.  Since pervious concrete allows all the rainwater to pass through it, the runoff from paved areas is reduced, which reduces the need for separate storm water retention ponds and allows for using smaller capacity storm sewers.  It also acts as a natural filter and can reduce pollutants from entering streams, ponds and rivers.  Pervious concrete can reduce the impact of development on trees by allowing both water and air to infiltrate a tree’s root system.  Trees offer shade and produce a beneficial cooling effect on their own.  Plus, the lighter color of concrete pavements absorbs less heat from solar radiation than darker pavements, such as asphalt.  In addition, the open pore structure of pervious prevents it from storing as much heat as asphalt, thereby helping to lower the “heat island” effects in highly developed areas.  Safety is another benefit of pervious concrete during rainstorms since it eliminates ponding, glare at night, and the risk of hydroplaning.  In freezing temperatures, the elimination of standing water on the surface of pavement also prevents the danger of thin coatings of ice, called “black ice.”
Environmental Benefits Checklist
· Allows storm water to infiltrate into the ground to replenish ground water aquifers.

· Retains storm water so that retention ponds are not needed for parking lots.

· Keeps pavement surfaces dry even in wet situations, such as greenhouses.

· Allows parking lots to be ice-free in freeze/thaw areas since snow melt immediately drains off the surface.

· Allows water and air to get to the roots of trees within a parking area.

· Aerobic bacteria that develop within the pavement and base can break down oil and remove other pollutants from the water that washes off the surface.

· Light reflectivity is higher than with asphalt surfaces, reducing any heat island effect.

· Allows a project to claim LEED® points. (Leadership in Energy and Environmental Design is a rating system developed by the U.S. Green Building Council to evaluate the environmental performance of a building.)

· Can collect irrigation and retain water to be used for irrigation.

ECONOMIC BENEFITS OF PERVIOUS CONCRETE

A parking lot properly constructed from pervious concrete has a life span ten times as long as an asphalt lot, thereby providing excellent long term benefits. It is true that the initial costs for pervious pavement may be slightly higher due to the preparation of the sub-base, but those who look long term will realize the economic benefits.
As far as the material goes, pervious concrete is installed in a thicker quantity than conventional concrete, usually six-inches (15 cm.) vs. four-inches (10 cm.).  However, one must look beyond the costs per square foot, at the overall system.  Pervious concrete is a sustainable product that saves money in the long run for the following reasons:

· Lower installation costs due to the elimination of costly curbs, gutters, storm drain outlets and retention basins that cost two to three times more to construct than pervious.  Less money will be needed for labor, construction and maintenance of ponds, pumps, drainage pipes and other storm water management systems.
· Allows for the use of existing storm sewer systems for new developments.

· Increase land utilization since there is no need to purchase additional land for large retention ponds and other filtering systems.  Land developers can get a better return on investment with efficient land use that does not have to allow for large detention ponds since the pavement itself acts as a detention area.  
· Lower life-cycle costs equal to that of conventional concrete that if properly constructed will last for 20 to 40 years.  Pervious requires fewer repairs than asphalt, and can be recycled once it has reached its lifecycle.
· Recent reports from multiple regions around the U.S. indicate that the cost for asphalt binder has recently increased as much as 50% and more, resulting in dramatic cost increases for asphalt pavement.
· Easy maintenance that consists primarily of prevention of clogging through pressure washing and power vacuuming.

· Supports local economies by having its mix design adapt to different regions, making use of available materials for coarse aggregates.  Since time is a critical factor after the batching, local companies are used for transportation and materials.

CONCLUSION
Pervious concrete pavement is a very cost-effective and environmentally friendly means to support green, sustainable growth.  Its ability to capture storm water and allow it to seep into the ground enables pervious concrete to play a significant role in recharging groundwater, reducing storm runoff, and meeting U.S. Environmental Protection Agency (EPA) storm water regulations.  Its use is considered among the Best Management Practices recommended by the EPA and other agencies for the management of storm water runoff.  Using pervious concrete technology creates more efficient land use by eliminating the need for retention ponds, swales and other storm water management techniques, thereby lowering overall project costs on a first-cost basis.  Pervious concrete does not contribute to toxic runoff as asphalt does, plus it lessens the heat island effect that asphalt pavement contributes to.  The natural drainage of pervious also prevents ponding, hydroplaning and the skidding dangers of black ice on pavement.  The increased call for pervious concrete in constructing large areas of pavement has encouraged technological advancements in placing and finishing pervious concrete with the development of a special pervious head attachment to the Somero® SXP™ Laser Screed® that can screed 240 square feet (22.3 square meters) per minute.  The quick application of pervious concrete is critical to a successful placement due to its rapid hardening.
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