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- STRACT Pervious concrete has been increasingly used all over the world to reduce the amount of runoff water and improve

the water quality near light volume pavements and parking lots, but its use in India is question of concern. However,
due to the significantly reduced strength associated with the high porosity, pervious concrete mixtures currently cannot be used in highway
pavement structures. This paper provides the review of improving the mechanical properties of pervious concrete through different factors i.e.
using additives, using different type and size of aggregates, different w/c ratios; without considerable effect on permeability. This review paper
aims at looking for a vision to introduce pervious concrete with optimum Mechanical properties for using in Highways as an alternative for

storm water mitigation and increasing the ground water level.

INTRODUCTION

Pervious concrete is a mixture of Portland cement, coarse ag-
gregate or gravel, and water (Figure 1). Unlike conventional
concrete, pervious concrete contains a void content of 15 to
35 percent (average of 20 percent) that is achieved by elimi-
nating the finer particles such as sand from the concrete
mixture. This empty space allows water to infiltrate the un-
derlying soil instead of either pooling on the surface or being
discharged as runoff. Sidewalks and parking lots are ideal ap-
plications for pervious concrete(1). Pervious concrete is being
used as pavement as one of solutions to decrease the storm
water run-off.

Although not a new technology (it was first used in 1852),
pervious concrete is receiving renewed interest in the USA,
partly because of Federal Clean Water Legislation. Pervious
concrete is recognized as a structural infiltration Best Man-
agement Practice by Environmental Protection Agency for
providing first flush pollution control and storm water man-
agement (2).

Massive urbanization in Indian cities is causing the ground
water to go deeper and is causing water shortage. For exam-
ple; Cherrapunji suffers drought while the monsoons bring
flooding, Chandigarh city taps ground water from deep con-
fined aquifers which do not get naturally recharged. Further
the rain water falls on the concrete and asphalt surfaces
tends to carry a high level pollution and this pollution ends
up in waterways ultimately (2). So, sustainable technologies
like pervious concrete are likely to become more popular in
India.

Pervious concrete has reduced strength compared to the con-
ventional concrete but studies show that it can be increased
by using smaller sized aggregates (3), flexural strength can
be increased by using latex, polymers etc as admixtures (4),
freeze-thaw and abrasion resistance could be increased by us-
ing cellulose fiber (5), Compressive strength can be increased
by addition of sand up-to 7% (6), method of compaction also
effects the mechanical and hydraulic properties of pervious
concrete (6).

This paper provides the review of improving the mechanical
properties of pervious concrete through different factors i.e
using additives, using different type and size of aggregates,
different w/c ratios; without considerable effect on perme-
ability. This review paper aims at looking for a vision to intro-
duce pervious concrete with optimum Mechanical properties
for using in Highways as an alternative for storm water miti-

gation and increasing the ground water level.

Figure 1: Pervious Concrete

Sources:  http://www.tececo.com.au/images/photographs/
permecocrete/PerviousPavement.JPG

LITERATURE REVIEW (Material Properties and Mechanical
Properties)

Aggregates
The standard type aggregate for use in pervious concrete

is typically crushed stone or river gravel. Typical sizes
are from 3/8 in. to 1 in. (7). It has been shown that us-
ing smaller aggregates increases the compressive strength
of pervious concrete by providing a tighter bond between
coarse aggregate and cement. Using fine aggregates in the
mix design of pervious concrete will also decrease the void
space (7). Increasing the percent amount of larger aggre-
gates will increase the void ratio in pervious concrete, but
will decrease the compressive strength (8). The size of the
aggregate also has an important role in pervious concrete.
While a 3/4 in. aggregate size allows for greater void space,
a 3/8 in. aggregate improves the workability (9).

Using recycled aggregates has also been researched. Four
mix designs were studied using 15%, 30%, 50%, and 100%
recycled aggregates and compared to the virgin pervious
concrete samples. It was found that samples containing
15% or less recycled aggregates exhibited almost identical
characteristic to the virgin sample (10).
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The angularity no. of aggregates increases with the in-
crease in size of aggregates. As the angularity no. of aggre-
gate increases in the Pervious Concrete Mix the compres-
sive strength decreases and the permeability of the mix
increases (11)

Fine Particles

While pervious concrete is considered a “no fines” con-
crete, a small percentage of fine particles can be added to
increase the compressive strength of the pervious concrete
mix. The inclusion of fine particles has a direct correlation
to the paste/mortar strength. Providing a thicker paste
layer around the coarse aggregates results in improved
compressive strength (6). When the sand to gravel ratio is
increased to 8 %, the mortar bulks up and increases the
strength. When the sand to gravel ratio increases beyond
the 8 % mark, the 7 day compressive strength begins to fall
(6). A slight decrease in permeability correlates to the in-
crease in fine particles.

Cementitious Material and W/C Ratio

Cement is used as the cementitious material in po-
rous concrete it can be PPC OR OPC. Additional ma-
terials that can be used in the cementitious mix are silica
fume, fly ash, and slag cement (7). While any potable water
can be used for mixing, the amount of water is critical for
the formation of the voids in pervious concrete. Water-to-
cement ratios can range from 0.27 to 0.30 with ratios as
high as 0.40. Careful control of water is critical. A mix de-
sign with little water can create a very weak binder. This
will create a very dry mix that is susceptible to spalling
and crumbling. A mix design with too much water can col-
lapse the void space, making an almost impenetrable con-
crete surface (12). As seen in Figure 2, the specimen in Fig-
ure 2 a. has too little water, the specimen in Figure 2 b. has
the correct amount of water, and the specimen in Figure 2
c. has too much water.
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Figure 2: Pervious Concrete With a. Too little Water, b. Ap-
propriate Amount of Water, c. Too much Water

Sources: wht www.perviouspavement.org/images/mate-

rialsfig5.jpg

Admixtures

The use of admixtures in conventional concrete is essential and
vital to performance and workability. High strength pervious
concrete can be achieved through addition of supplementary ce-
mentitious material using silica fumes and polymer modification
using polymer SJ-601 (13). It is noted that Polymer Modified Per-
vious Concrete demonstrated much higher fracture toughness
and far longer life than Supplementary Cementitious Pervious
Concrete (13). High-range water-reducing (HRWR) admixtures
are applied to concrete mixes to affect the set time of concrete
(12). They require less water and increase the slump of concrete.
Caution must be used when applying HRWR to pervious con-
crete. Large dosage can cause the cement to segregate from the
aggregate and settle at the bottom of the concrete, forming an
impervious layer of cement (9).

Latex, a styrene butadiene rubber material which has been used
to improve the cement-aggregate bond (14), was used to replace
a certain amount of Portland cement to determine its potential
application in pervious concrete pavements (15). The addition of
Latex increases the flexural strength of Pervious Concrete (16).
Approximately 10% of Portland cement was replaced with Latex
and it was found that pervious concrete specimens with Latex
had, on average, a lower compressive strength. Although the
use of Latex lowered the compressive strength, the specimens
showed an increase in tensile strength, indicating an improved
resistance to cracking.

Crumbed rubber, tire chips, fine crumbed rubber when used by
the partial replacement of 10%, 20% of volume of single sized
coarse aggregates, the best results for abrasion and freeze-
thaw resistance of Pervious Concrete are achieved using fine
crumbed rubber at partial replacement of 10% volume of coarse
aggregates where as compressive and flexural strength of the
mix reduces (17).

The uses of hydration controlling admixtures (HCA) were ben-
eficial by slowing down the rate of hydration. This extended the
time before the fresh concrete started to set, thereby allowing
more time to form and finish the concrete surface. Using of the
HCA allowed 60 to 90 minutes of added working time (18). De-
layed set modifiers helps in gaining the compressive strength at
early age of 7-14 days (5)

Viscosity Modifying Admixtures (VMA) may also play a pivotal
role on the performance of pervious concrete. While little has
been researched about the use of viscosity modifiers, the small
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amount of research has shown that VMASs can increase flow of
concrete as well as provide ease of compaction and placement.
While different VMAs can have differing effects on the overall
result of pervious concrete, special attention is needed to deter-
mine and verify the correct type and amount prior to installa-
tion (18).

Cellular fiber results for the flexural strength, abrasion and
freeze-thaw resistance of Pervious Concrete are better than Per-
vious Concrete with delayed set modifier and viscosity modifier
respectively (5).

LITERATURE REVIEW (Porosity, Permeability and Advan-
tages)

If the density of Pervious Concrete increases the porosity and
permeability decreases (3). Porosity has little effect in rate of
strength development and it was further noticed that Flexural
strength is more sensitive to porosity then compressive strength
(13). Minimum 19% porosity is required in a Pervious Concrete
mix to produce the permeability of 1 mm/sec (19). With increase
in angularity no. of aggregates in Pervious Concrete the perme-
ability increases (11). The compressive strength and permeability
test results of Pervious Concrete do not show clear dependence
on the size of specimen (20).

Pervious concrete also has the ability to reduce the noise due
to vehicles (21). Through the open voids in the concrete, the
amount of air pumping between the tire and road is minimized.
By providing a reduction in traffic noise, this can potentially
eliminate the need for costly noise barriers (22; 23).

Pervious concrete has a texture that is different from conven-
tional concrete; it has an open voided surface that some have
compared to “rice crispy treats”. The open porous nature of per-
vious concrete has allowed sound to dissipate into the underly-
ing sub-base.

Pervious concrete also has the ability to purify the storm water
as it percolates through to the sub-base (24). This so called “eco-
concrete” has the ability to not only control and mitigate the
amount of runoff from storm water, but also reduce the environ-
mental load on the surrounding ecosystem and purify the storm
water as it seeps through to the sub-base. By submerging the
freshly cured pervious concrete in water to allow microorgan-
isms to grow, nitrogen and phosphorous can be removed from
the Storm water (24).

Pervious concrete can be beneficial to building site designs by
aiding in qualifying for LEED credits under the US Green Build-
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RESEARCH GAP NOTICED

Although extensive work has been done in world on Pervious
Concrete, but still Pervious Concrete Mix for high load road ap-
plication has not been achieved yet with a specific permeabil-
ity required and also limited work has been done in the field of
fracture and fatigue behavior of Pervious Concrete, which are
especially important for concrete pavement subjected to heavy
traffic and to severe seasonal temperature change. Being a brit-
tle material, the mechanical behavior of pervious concrete is
critically influenced by its crack propagation, or fracture be-
havior. Subjecting repeated traffic and environmental loads,
concrete pavements often fail under fatigue cracking. A better
understanding of fracture and fatigue behavior of pervious con-
crete can help to improve pavement design procedures.

Also it has been noticed that not a significant amount of work
on Pervious Concrete has been done in India.

OBJECTIVES FOR FUTURE WORK

The objectives of future study would be aimed at filling the
above-mentioned research gap, and it is to investigate the vari-
ous responses (such as the compressive and flexural strength,
fracture toughness, fatigue and permeability properties) of the
high-strength pervious concrete through use of selective sup-
plementary cementitious materials (SCMs) or polymer modifica-
tion.

CONCLUSION

Currently, porous concrete pavement is becoming a popular
choice over the world as an effective stormwater runoff manage-
ment device. There are a lot of previous studies that have been
conducted by other researchers in order to improve the conven-
tional porous concrete pavement. The main problem of porous
concrete pavement is its strength. Due to high voids content in
the concrete, it is hard to produce concrete with high strength.
One of the important parts in porous concrete is cement paste
binder. To strengthen the cement paste binder, various types
of additives have been studied by previous researchers. Even
though various fundamental information has been studied, the
optimum condition to produce good porous concrete has still
not been established. The objective of this paper was to explain
the effects of various component of Pervious Concrete on its
properties and introduce a research gap for future study.

1. Agouridis, C., Villines, j., 2011, "Permeable Pavement for Storm Water Management." Lexington, KY : University of Kentucky College. | 2. K, Obla.,

Aug 2010, "Pervious Concrete- An Overview." The Indian Concrete Journal, pp. 9-18. | 3. Ibrahim, A., Mahmoud, E., Yamin, M., Patibandla, V, 2014,

"Experiment Study on Portand Cement Pervious Concrete Mechanical and Hydrological Properties." Consrtuction and Building Materials, pp. 524-529. | 4. Hunang, B., Wu, H., Shu,
X., Burdette E., 2010, "Laboratory evaluation of permeability and Strength of Ploymer Modified Pervious Concrete." Consrtuction and Building Material, pp. 818-823. | 5. Amde, A.,
Rogge, S., Feb, 2013, " Development of High Quality Pervious Concrete Specification for Maryland Conditions." Maryland : The University of Maryland. | 6. Schaefer, VR., Wang, K.,
Suleiman, Kevern, J., Feb, 2006, "Mix Design Development for Pervious Concrete In Cold Weather Climates." Ames, IA : Centre for Transportatin Research and Education. | 7. Tennis,
PD., Leming, M.L., Akers, DJ., 2004, "Pervious Concrete Pavement." Skokie, Illinois : Portland Cement Association, p. 36. | 8. Crouch, LK., Smith, N., Walker, A.C., Dunn, TR., Sparkman,
A., 2005, "Determining Pervious PCC Permeability eith a Simple Triaxial Flexible-Wall Constant Head Permeameter.” Pervious Concrete Symposium Proceedings. | 9. Flores, ]J., Mar-
tinez, B., Uribe, R., 2007, "Analysis of the Behavior of Filtration vs.Compressive Strength Ratio in Pervious Concrete. " Pervious Concrete Symposium Proceedings. | 10. Rizvi, R., Tighe,
S.L., Norris, J., Henderson, V., 2010, "Incorporating Recycled Concrete Aggregate in Pervious Concrete Pavements." Proceeding from the National Transportation Research Board. | 11.
Maguesuari, M., Narasimha, v., 2013, "Studies on Charecterization of Pervious Concrete for Pavement Application." s.l.: Social and Behavioural Science, Second Conference of Trans-
portation Research Group of India, pp. 198-207. | 12. NRMCA, 2004, "What, Why, and How? Pervious Concrete." s.l. : Concrete in Practice Series. CIP 38. | 13. Chen, Y., Wang, X., Zhou,
W, 2013, "Strength Fatigue and Fracture of Pervious Concrete.” Construction and Building Material, pp. 97-104. | 14. Ramakrishnan, V., 1992, "Latex-Modified Concrete and Mortars."
Washington, D.C : Transportation Research Board, National Research Council, NCHRP Synthesis 179. | 15. Wang, K., Schaefer, VR., Kevern, ].T.,, Suleiman, M.T., 2006, "Development
of Mix Proportion for Functional and Durable Pervious Concrete." s.1. : NRMCA Concrete Technology Forum: Focus on Pervious Concrete, May 24-25. | 16. Huang, B., Wu, H., Shu, X.,
Burdette, E., 2010, "Laboratory Evaluation of Permeability and Strength of Polymer Modified Pervious Concrete." Construction and Building Materials, pp. 818-823. | 17. Gesolgu, M.,
Guneyisi, E., Khoshnaw, G., Ipek, S., 2014, "Abrasion and freezing-thawing resistance of pervious concretes." Construction and Building Materials, pp. 19-24. | 18. Bury, M., Christine,
M. A, Figher, D., 2006, "Making Pervious Concrete Placement Easy Using a Novel Admixture System." Pervious Concrete Symposium Proceedings. | 19. Yahia, A., Kabagire, K., 2014,
"New Apparoach to Proportion Pervious Concrete.” Construction and Building Materials, pp. 38-46. | 20. McCain, G., Dewoolkar, M., 2009, "Strength and Premeability Charactrestics
of Porous Concrete Pavements." TRB. | 21. ACI Committee 522, 2006, "Pervious Concrete. Farmington Hills, Michigan.": American Concrete Institute | 22. Nelson, P. M., Philips, S. M.,
1994, "Quieter Road Surfaces," TRL Annual Review, UK: Transportation Research Laboratories, p. 13. | 23. Descornet, G., 2000, "Low-noise Road Surface Techniques and Materials."
Nice, France : Proceedings of Inter Noise , 2000. p. 6. | 24. Park, S., Tia, M., 2004, "An Experimental Study on the Water-purification Properties of Porous Concrete." Cement and Con-
crete Research, Vol. 34, pp. 177-184. | 25. Ashley, E., 2008, "Using Pervious Concrete to Achieve LEED Points." s.I. : NRMCA, Concrete In Focus. |

IJSR - INTERNATIONAL JOURNAL OF SCIENTIFIC RESEARCH 469




