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Abstract— Permeable concrete is a mixture of cement, water 

and a particular sized coarse aggregate combined to form a 

Permeable structural material. It has a high volume of voids, 

which is the factor responsible for the lower strength and its 

light weight nature. Permeable concrete is also called 

Permeable concrete, zero-fines concrete and pervious 

concrete. Pervious concrete has the ability to allow water to 

permeate the material which reduces the environmental 

problems associated with asphalt and conventional concrete 

pavements. Permeable concrete consists of a mixture of 

coarse single sized aggregate and a thin layer of cement paste 

about 1.3 mm thick. The most common application of 

Permeable concrete is in low traffic volume areas, such as: 

residential roads, driveways, parking lots and footpath. The 

force exerted by Permeable concrete on the foundations is 

approximately one third of that formed by the same structure 

constructed from conventional concrete. This difference may 

be of importance when structure is on a low bearing capacity 

ground. Permeable concrete is mostly used in non-pavements 

applications, limited use in pavements applications. This 

assignment purpose is to assess the suitability for Permeable 

concrete to be used for the construction of road pavements. 

This will include investigation of current literature on the 

topic and conducting standard concrete testing on Permeable 

concrete and conventional concrete to determine and evaluate 

their properties. With the help of tested data a conclusion is 

made on the usefulness of Permeable concrete pavements and 

it may be determined that further testing is required. 
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I. INTRODUCTION 

Permeable concrete is a mixture of cement, water and a 

particular sized coarse aggregate combined to form a 

Permeable structural material. It has a high volume of voids, 

which is the factor responsible for the lower strength and its 

light weight nature. Permeable concrete is also called 

Permeable concrete, zero-fines concrete and pervious 

concrete. 

Pervious concrete has the ability to allow water to 

permeate the material which reduces the environmental 

problems associated with asphalt and conventional concrete 

pavements. Permeable concrete consists of a mixture of 

coarse single sized aggregate and a thin layer of cement paste 

about 1.3 mm thick. The most common application of 

Permeable concrete is in low traffic volume areas, such as: 

residential roads, driveways, parking lots and footpath. 

The force exerted by Permeable concrete on the 

foundations is approximately one third of that formed by the 

same structure constructed from conventional concrete. This 

difference may be of importance when structure is on a low 

bearing capacity ground. Permeable concrete is mostly used 

in non-pavements applications, limited use in pavements 

applications. This assignment purpose is to assess the 

suitability for Permeable concrete to be used for the 

construction of road pavements. This will include 

investigation of current literature on the topic and conducting 

standard concrete testing on Permeable concrete and 

conventional concrete to determine and evaluate their 

properties. With the help of tested data a conclusion is made 

on the usefulness of Permeable concrete pavements and it 

may be determined that further testing is required. 

II. HISTORICAL BACKGROUND 

Permeable concrete has been partial used as a pavement 

material and recently developed for this particular purpose. 

On the other hand, Permeable concrete has been used widely 

in Europe, Australia and the Middle East as a structural 

building material (Macintosh et al.1965). Use of Permeable 

concrete became more common during the material shortages 

after World War II, for cast-in-place load bearing walls of 

single and multistory buildings. Construction of two 

residential houses and a sea groyne 61 m long and 2.15 m 

wide (Francis 1965) is the earliest known application of 

Permeable concrete occurred in England in 1852. 

From the past 20 years Permeable concrete has been 

used in south-eastern America in pavement applications. In 

the beginning no-fine concrete developed in Florida as a 

method of recharging the Everglade aquifers while 

controlling the water and reducing some of the detrimental 

effects caused by urban sprawl. Permeable concrete was 

mostly used for two-storey structures; still this expanded to 

five- storey buildings in the 1950’s and continues to develop. 

During recent years Permeable concrete has been used as a 

load bearing material in high rise buildings up to ten-storey. 

No- fine concrete is used in Germany where a high rise 

building was constructed using conventional concrete for the 

six bottom storey and Permeable for the remaining thirteen 

upper storeys. Canada where Permeable concrete was used 

for construction of a number of multistory residential houses 

in the Toronto area around 1960. 

III. AIMS AND OBJECTIVES 

Permeable concrete is mostly used in non-pavements 

applications and a limited use in pavements applications. This 

assignment purpose is to assess the suitability for Permeable 

concrete to be used for the construction of road pavements. 

This will include investigation of current literature on the 

topic and conducting standard concrete testing on Permeable 

concrete and conventional concrete to determine and evaluate 

their properties. With the help of tested data a conclusion is 

made on the usefulness of Permeable concrete pavements. In 

order to achieve these aims, the following objectives had to 

be met: 

 To determine durability, properties of permeable 

concrete. 

 To determine impact resistant of permeable concrete 

pavement. 

 To compare the properties of permeable concrete with 

the existing concrete pavement. 
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IV. LITERATURE REVIEW 

Krishna Raju et al (1975) focused on the optimum water 

content for permeable concrete. It was determined that for the 

particular aggregate- cement ratio there is a narrow range for 

optimum water-cement ratio. This water- cement ratio was 

imperative to gain the maximum possible compressive 

strength. A higher than ideal water-cement ratio would cause 

the cement paste to drain from the aggregate particles. 

Alternatively, a water-cement ratio too low would stop the 

cement paste from adhering sufficiently to the aggregate. 

When the optimum water-cement ratio was not obtained, 

sufficient compaction could not be achieved, further 

compounding the loss of compressive strength. 

Malhotra (1976) found that the density of permeable 

concrete is generally about 70 percent of conventional 

concrete when made with similar constituents. The density of 

permeable concrete using conventional aggregates varies 

from 1602 to 1922 kg/m3.A clinker aggregate was trialed and 

the permeable concrete produced a density of 961 kg/m3. 

Malhotra (1976) suggests that the use of mechanical 

vibrators and ramming is not recommended with permeable 

concrete. Adequate vibration is imperative for strength of 

conventional concrete. The use of permeable concrete is 

different and is a self-packing product. A light rodding should 

be adequate and used to ensure that the concrete reaches all 

sections of the formwork. This is not a problem with 

conventional concrete since it has greater flow ability than 

permeable concrete. The light rodding ensures that the 

concrete has penetrated all the areas impeded by reinforcing 

steel. 

Malhtora (1976) noted that the depth of penetration 

in permeable concrete by this method under conditions of 

high humidity and no air movement is generally no greater 

than two or three times the largest aggregate diameter. The 

large air voids in permeable concrete does not allow water to 

penetrate using capillary action. The penetration of moisture 

was higher in permeable concrete made from conventional 

aggregates than clinker aggregate. 

Malhotra (1976) stresses that in situations where 

normal conditions are not achieved during placement and 

curing, the formwork should not be removed after 24 hours 

as with conventional concrete. Permeable concrete has very 

low cohesiveness and formwork should remain until the 

cement paste has hardened sufficiently to hold the aggregate 

particles together. However, this is more of a consideration in 

low temperature conditions and when used in non-pavement 

applications where the concrete is not sufficiently supported 

by the ground or other means. 

Meininger (1988) investigated the effect on the 

properties of permeable concrete with the addition of sand. 

He found that when a small amount of sand was added to the 

mixture, the compressive strength of the concrete increased 

from 10.3 MPa to 17.2 MPa. The sand added was between 10 

and 20 percent of the aggregate by weight. The increased 

fines filled some of the voids, reducing the air content from 

26 to 17 percent. A decrease in the voids causes the concrete 

to bond more effectively, thus increasing the compressive 

strength. With more than 30 percent sand the concrete started 

to display the properties of conventional concrete and did not 

have sufficient voids necessary for water flow. 

Meininger (1988) found that poor curing techniques 

allowed the cement paste to dry too rapidly and did not allow 

the hydration process to finish. Ravelling can occur in 

permeable concrete pavements when there is a deficiency in 

the curing process or improper compaction and seating of the 

top aggregate particles. It could be seen by the roughness of 

the pavement surface that no compaction was undertaken. All 

these factors affected one particular parking lot studied and 

started ravelling one year after construction. 

Ghafoori et al (1995) undertook a considerable 

amount of laboratory investigation to determine the 

effectiveness of permeable concrete as a paving material. The 

curing types were investigated to determine if there was any 

difference between wet and sealed curing. There appeared to 

be only a negligible difference in strength between the 

different curing methods. It was clear from the test results that 

the strength development of permeable concrete was not 

dependent upon the curing conditions. 

Ghafoori et al (1995) found 53 permeable concrete 

parking lots within the east and western coastlines of Florida, 

USA. Permeable concrete possessed good engineering 

properties for non-pavement applications such as buildings. 

Development of this material in pavement applications did 

not take off until the late 1970’s, where it was first used as a 

wearing course for a parking lot. The first permeable concrete 

pavement design was patented as a ‘porous pavement’ and a 

following permeable pavement design was called a pervious 

pavement. 

V. METHODOLOGY 

Pavements can be generally classified into two different types 

– flexible and rigid. Flexible pavements consist of a sub-

grade, a sub-base, an unbound granular base and a bituminous 

surfacing. Figure 2.1 shows the cross-section of a typical 

flexible pavement. Permeable concrete pavements are a form 

of rigid pavement but differ substantially due to the materials 

used during construction. These kind of pavements consist of 

a concrete slab over a clean aggregate sub-base, a filter fabric 

and a permeable sub-grade. It is required to be permeable to 

allow the water in the sub-base to penetrate the soil i.e. insitu 

material is important. The construction and maintenance 

required for Permeable concrete pavements is decided on the 

basis of this requirement of no fine concrete pavement. 

Sub-Grade And Sub-Base Requirements the sub-

grade material is required to fulfill the all favorable properties 

like relating to the permeability, support and moisture 

content, while homogenous material with set properties. Sub-

Grade Permeability the effectiveness of the Permeable 

pavement is depending on the permeability of the sub- grade. 

The rate of permeability of the sub-grade is checked before 

the placement of the Permeable pavement and it has to be 

tested for with a suitable sub-grade permeability test. 

Minimum sub-grade percolation rate tolerable for Permeable 

concrete pavements is 2.5 mm per hour, providing local water 

quality regulations relating to sedimentation, filtration and 

detention are met. Sub-Grade Treatment The organic material 

in the sub-grade is required to be scarified to a minimum 

depth of 75 mm. This material requires a proof roll to identify 

any weak or wet areas that may cause premature pavement 

failures. Fill material may be incorporated if it is clean and 
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free from deleterious materials as specified by a geotechnical 

study. The sub-grade is required to be in a moist condition 

before the construction of the pavement sub-base. The 

moisture content should be within 3 percent of the optimum 

moisture content as determined by a compaction test. Filter 

Fabric The entire area of the pavement requires the placement 

of a non-woven geo-textile filter fabric. This has two 

purposes – firstly to separate the sub-grade from the sub-base 

material and secondly to stop the solids from rising upwards 

into the pavement and reducing its water holding capabilities. 

Sub-Base Material the sub-base is made up of a clean 

aggregate that is retained on a 37 mm sieve and passes 

through a 50 mm sieve. It must not contain any fines, as this 

will affect the performance of the pavement. A washed 

riverbed rock or crushed stone would be the most appropriate 

material for this situation. 

Compaction on the sub-base will occur in a single 

pass with the use of a plate or roller compactor to provide a 

smooth uniform working surface. Any irregularities in the 

sub-grade will be smoothed during this phase of construction. 

This aggregate is required to be saturated before the concrete 

is poured to minimize the loss of moisture from the concrete. 

The thickness of this sub-base layer is dependent upon the 

underlying sub-grade and the intended use for the pavement. 

This layer ranges in thickness from 100 mm for footpaths to 

250 mm for heavily trafficked areas. Mixing, Placing and 

Finishing Requirements This phase of the pavement 

construction is the most important, as the placing and 

finishing methods for Permeable concrete are considerably 

different to conventional concrete. It is this treatment that 

determines the overall life of the pavement. Mix Time The 

time for mixing Permeable concrete is the longer of either 75 

revolutions or 10 minutes. When using a high mix speed the 

addition of admixture to increase the flow ability of the 

aggregate/cement mix is required to ensure adequate strength. 

Most standard cement mixers do not require the addition of 

admixtures when mixing Permeable concrete. Concrete 

Discharge Method The concrete discharging mechanism 

should be continuous for consistency of the pavement. The 

concrete must be discharged as close as possible to the final 

placement. This placement must overlap the previously 

discharged concrete and the concrete should not be pulled or 

shoveled to the final resting place as this will disturb the 

underlying material and affect the pavement strength. 

Jointing Requirements Transverse contraction joints are to be 

installed to a depth between 5 and 10 mm at around 6 meter 

intervals. Longitudinal joints should be constructed down the 

centre of the pavement if the concrete strip exceeds 4.5 meters 

in width. The joints will reduce the amount of raveling and 

unmanageable cracking if it is undertaken while the concrete 

is wet because the aggregate will still achieve maximum 

strength at these points. Placing and Finishing Equipment The 

placing and finishing equipment required for the placement 

of the Permeable concrete is a mechanical machine similar to 

a paving machine used in asphalt application which is capable 

of providing 69 kpa (10 psi) of vertical force. The only 

vibration applied to the pavement will be from the screed that 

is providing the compaction. The vibration must be stopped 

whenever the machine or screed is not moving. Vibration 

should be limited, as excessive vibration negatively impacts 

on the strength of the concrete. Curing Requirements the 

curing process begins within 20 minutes of placement and it 

is at this time that a curing agent must be applied to all 

surfaces. A second application may be appropriate and can be 

applied when the first has dried. In extreme weather 

conditions it is recommended that the surfaces be covered 

with a polyethylene sheet. This can be done as soon as the 

curing agent has become tacky and should remain on the 

surface for a minimum of 72 hours. Permeable Concrete 

Pavement Maintenance Permeable concrete pavements 

require continual maintenance to maintain its pervious 

characteristics. The minimum maintenance should include 4 

surface vacuums per year and 2 high pressure washings per 

year. The vacuuming removes any surface silt or debris that 

is capable of clogging the pavement. The frequency of 

vacuuming should be increased in situations where there is 

overhanging vegetation, extreme surrounding dirt areas and 

other pollutants that reduce the voids of the pavement. The 

high-pressure washing is required to flush contaminants from 

the Permeable concrete into the underlying sub-base. The 

excess material in the sub-base has not been shown to reduce 

the effectiveness of the Permeable pavement. 

VI. CONCLUSION 

The cylinder compressive strength of the Permeable concrete 

samples were approximately 45 percent of the compressive 

strength in the conventional concrete samples. The average 

compressive strength for the Permeable and conventional 

concrete respectively were 17 and 39.8 MPa. The average 

indirect tensile strength of the Permeable and conventional 

concrete samples are 2.21 and 3.39 MPa respectively.  This 

equates to 35 percent less tensile strength in the Permeable 

concrete samples. The Permeable concrete has a skid 

resistance that is 35 percent higher than the conventional 

concrete sample. This difference is significant enough to 

allow motorists to stop safely in poor conditions. The void 

ratio of the Permeable concrete is approximately 32 percent 

and it possesses excellent permeability properties that allow 

the water to flow through the concrete with great ease.  

VII. FUTURE SCOPE 

Permeable concrete can be used in building for rainwater 

harvesting as well as for cooling purpose by providing 

permeable wall. 

In the presence of clayey soil, water can be percolated 

through providing borehole at every 1-2km with the help of 

drainage system. Water can be filtered and stored as fresh 

water below the ground. 

We can also give direction to water specifically according to 

need. By providing certain angle to the flaky aggregate water 

which gets drained will make its way to the slope going down 

towards the sewer line or any other drainage arrangement. 

This could be useful where soil strata have less water 

absorption capacity. 
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