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ABSTRACT

Due to tremendous development in infrastructure, major cities in India are getting covered with
impermeable pavements. Concreting everywhere leads to environmental issues such as reduction
in recharge of rainwater into the ground hence constant fall of water table which leads to water
crisis during summer. One of the solutions is by installing Pervious Concrete pavement instead
of impervious concrete for low traffic volume, low speed applications. Pervious Concrete is a
low impact, environmentally friendly and sustainable paving option. Pervious Concrete is a
special type of concrete obtained by the mixture of cements, water and open graded coarse
aggregate. Typically it has little to no fines aggregate particle while maintaining the
interconnectivity of the voids. The void content in this type of concrete is in the range of 15%to
22% compared to conventional concrete pavements. Currently, there is no accepted thickness

design method for Pervious Concrete pavements in India.

In this project the compressive strength, void content and infiltration rate using various mix
designs of Pervious Concrete were determined and analyzed. Considering rainfall data, traffic
volume data, soil and geotechnical investigation data of a residential colony which was taken as

a part of case study, the suitability of Pervious Concrete as pavement material was checked.
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increasingly viable in Europe after the Second
World War due to the scarcity of cement. India
is facing a typical problem of ground water table
falling at a fast rate due to reduce recharge of
rain water into subsoil and unplanned water
withdrawal for agriculture and industry by
pumping. NFC if adopted for construction of
pavements, platform/ walkways, parking lots
designed for lighter load. It can become a
component of rainwater harvesting schemes
being prepared by Government of India on a
Priority basis. It also reduces the runoff from the
pavement areas hence reduce load on drainage

systems.

1.2 Properties of Pervious Concrete

1.2.1 Density and porosity

The density of pervious concrete
depends on the properties and proportions of
the materials used, and on the compaction
proportion used in placement. In place density
on the order of 1600kg/m’ to 200 kg/m? are
common, which is in the upper range of
lightweight concretes. The porosity of pervious

concrete largely depends on aggregate size.

1.2.2 Permeability
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The flow rate through pervious concrete
depends on the materials and placing operations
Typical flow rates for water through pervious
concrete are 288 in. / hr, 120L/m%*/min, or
0.2cm/s to 770 in. hr, 320L/m%*/min, or
0.54cm/s, with rates up to 1650in. /hr,
700/m*/min,1.2cm/s and higher in having been

measured in the laboratory.

1.2.3 Compressive strength

Pervious concrete mixtures can develop
compressive strength in the range 3.5 MP to 28
MPa, which is suitable for a wide range of
applications. Typical values are about 17MPa. As
with any concrete, the properties and
combinations of specific materials, as well as
placement techniqgues and environmental
conditions, will dictate the actual in-place

strength.

1.2.4 Flexural strength

Flexural strength in pervious concretes
generally ranges between about 1 MPa and 3.8
MPa Many factors influence the flexural
strength, particularly degree of compaction,
porosity, and the aggregate: cement (A/C) ratio.
However, the typical application constructed
with pervious concrete does not require the

measurement of flexural strength for design.

1.2.4 Shrinkage
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Drying shrinkage of pervious concrete
develops sooner, but is much less than
conventional concrete. Specific values will
depend on the mixtures and materials used, the
material’s low paste and mortar content is a
possible explanation. Roughly 50% to 80% of
shrinkage occurs in the first 10 days, compared
to 20% to 30% in the same period for
conventional concrete. Because of this lower
shrinkage and the surface texture, many
pervious concretes are made without control
joints and allowed to crack randomly.

1.2.5 Durability
1) Freeze-thaw resistance:

Freeze-thaw resistance of pervious
concrete in the field appears to depend on the
saturation. The typical deterioration of concrete
exposed to freeze-thaw conditions is random
cracking surface scaling. And joint deterioration
due to cracking.

The first two are primarily due to lack of
adequately entrained air in the concrete mass or
the surface layer, respectively, and the latter
phenomenon is primarily related to non-durable

aggregate.

2) Sulphate resistance:

Aggressive chemicals in soils or water,
such as acids and sulfates, are a concern to
conventional concrete and pervious concrete
alike, and the mechanisms for attack are similar.

However, the open structure of pervious
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concrete may make it more susceptible to attack
over a larger area. Pervious concrete can be
used in areas of high-sulfate soils and
groundwater if isolated from them. Placing the
pervious concrete over a 6-in. (150-mm) layer of
l-in (25-mm) maximum top size aggregate
provides a pavement base, storm water strong,

and isolation for the pervious concrete.

3) Abrasion resistance:

Because of the rougher surface texture
and open structure of pervious concrete,
abrasion and raveling of aggregate particles can
be a problem, particularly where snowplows are
used to clear pavements. This is one reason why
applications such as highway generally are not

suitable for pervious concretes.

Environmental Benefits Checklist

e Allows storm water to infiltrate into the
ground to replenish ground water aquifers.

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

o Keeps pavement surface dry even in wet
situations, such as greenhouses.

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

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

e Aerobic bacteria that develop within the

pavement and base can break down oil and
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remove other pollutants from the water that

washes off the surface.

Light reflectivity is higher than with asphalt

surfaces, reducing any heat island effects.

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.

Research Objectives:

e Review of the pervious concrete mix
designs & standards currently being
used worldwide.

e Investigate mix design variants resulting
in optimum job mix formula of pervious
concrete.

e Estimate material characterization
(compressive & toughness) laboratory
test parameters.

e Conduct permeability tests to investigate
porous characteristics.

e Perform acoustical tests to investigate
noise damping characteristics.

e Test sections using pervious concrete

mix designs.

Scope of work

e To analysis need for use of Pervious

Concrete
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To study the Properties and application of

pervious concrete

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 material goes, pervious concrete is
installed in a thicker quantity than
conventional concrete, usually six-inches
(15cm.) vs. four-inch (10cm.) However, one
must look beyond the costs per square foot,
at the product that overall system. Pervious
concrete is a sustainable 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

relation ponds and other filtering systems.
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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.

1.5Disadvantages

Runoff from adjacent areas onto pervious
concrete needs to be pavement.
The parking areas are generally limited to

auto parking and occasional trunks.
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If reinforcement is required, epoxy coated
bars should be used.

Concrete is variable in permeability; over
vibration signigificantly reduce permeability.
It is still a new material that requires

acceptance from cities and states.

1.6Applications

Pervious concrete has been used in a wide
range of applications, including:

Pervious pavement for parking lots

Rigid drainage layers under exterior mall
areas.

Greenhouse floors to keep the floor free of
standing water.

Structural wall applications where
lightweight or better thermal insulation
characteristics, or both, are required.
Pavements, walls, and floors where better
acoustic absorption characteristics are
desired.

Base course for city streets, country roads,
driveways, and airports.

Surface course for parking lots, tennis
courts, zoo areas, and animal barns and
stalls.

Bridge embankments.

Swimming pool decks& Beach structures

and seawall.

Pavement Design
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6.1 Basis for Pavement Design

Design thickness of Pervious Concrete

Pavement depends on two factors;

Hydraulic factors such as Permeability,

volume of voids and

e Mechanical properties such as Strength
and stiffness

e Pervious Concrete used in the pavement
system must be designed for traffic
loads and also takes into consideration
storm water management system.
Appropriate material and soil properties,
appropriate pavement thickness, other
characteristics and traffic loads required
for the design should be considered as
final design thickness of pervious

pavement.

6.1.1Hydraulic Factors

Hydraulic factors for design must
included amount of rainfall expected,
intensity of surface runoff, pavement
characteristics and underlying soil
properties. The amount of runoff is always
less than total rainfall because some portion
of rain is Ultratechumulated in small
depression on the ground, some portion

flows as a surface runoff and only some

portion infiltrates into the soil. Excess
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surface runoff is caused by either
excessively low permeability or inadequate
storage capacity. Normally for Conventional
Concrete runoff coefficient is | i.e.
infiltration is almost negligible whereas in
case of Pervious Concrete runoff coefficient
is 0.6, thus it helps to infiltrate large portion
of runoff into the soil and contributes to

ground water recharge.

6.1.1.1 Rainfall Expected

An appropriate rainfall event must
be used to design Pervious Concrete
pavement. Two important considerations
are the rainfall amount for a given duration
and the distribution of that rainfall over the
time period specified. Also the storage
capacity typically depends upon specific
rainfall events. Total value of rain is
important but the infiltration rate must be

considered.

6.1.1.2 Underlying Soil Properties

This is an important factor for the
design of Pervious Concrete. Ideally Pervious
Concrete should be laid on sandy soil but if
soil is clayey appropriate sub-base can be

provided. It is recommended that highly
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organic materials must be excavated and
replaced with soil containing high amount of
coarser fill material. Also the design may
include filter reservoirs of sand, open graded
stone and gravel to provide adequate
containment and increase the support

value.

6.2 Design Criteria and Specifications

The cross-section of Pervious Concrete
pavement typically consists of four
layers. As shown in figure 12, a
description of the layers is presented
below:

e Pervious Concrete layer: The Pervious
Concrete layer consists of an open-
graded concrete mixture usually ranging
from depths of 4 to 6 inches depending
on the required bearing strength and
pavement design requirements (6 inches
is the recommended minimum for
mostly all parking applications). Void
content of Pervious Concrete can be
assumed to range from 16% to 20% for
design purposes. For example, a 6 inch
thick Pervious Concrete layer would hold
1.08 inches of rainfall.

e Aggregate reservoir layer. The aggregate

base course consists of a clean and
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durable crushed aggregate with a void
space of 35%-40%. The designer may
wish to verify the porosity and condition
of the aggregate prior to placement. The
aggregate sub-base layer should have a
minimum depth of 10 inches. A 12 inch
aggregate layer is recommended for
parking lot applications. The layer should
be designed to drain completely in 48
hours. Aggregate contaminated with soil
shall not be used. An observation well
for monitoring infiltration performance
and water Ultratechumulation in the
aggregate base is recommended. The
observation well consist of perforated
PVC pipe 4 to 6 inches in diameter and
placed at the downstream end of the
facility and  provided with an
Ultratechess lid for measurement and
inspection purpose.

Geotextile filter fabric. The bottom and
sides of the sub-base aggregate layer are
separated from the subgrade soils with a
geotextile fabric. The filter fabric
provides a separation and filter to
prevent migration of fine soil particles
(sit/slay fines) into the reservoir layer

and reducing storage capacity.
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Future Scope

To obtain and optimum strength and
permeability more number of samples
should be tested for establishing a
proper relationship between strength
and permeability.

Statistical analysis of such data will give
us proper variation of strength and
permeability.

No fixed guidelines or IS codes are
available for mix design of Pervious
Concrete, pavement design of Pervious
Concrete in India. Hence there is scope
of more research so that there will be
wide use of Pervious Concrete.

Fiber reinforcement, admixtures of
other material can be used in mix design
to improve strength of Pervious
Concrete.

Proper analysis of Pervious Concrete
pavement should be done to arrive at
certain empirical formulae which will

help in design of pavements.

1 Conclusion :
The outcome of the research can be

concluded as:
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Strength of Pervious Concrete is less
than that of conventional concrete of
nearly same mix design but pervious
concrete has very high degree of
permeability as compared to
conventional concrete’s which is nearly
zero.

Pervious Concrete has good enough
strength to be used as a paving material
in parking lots, walking pathways etc.
And has good enough permeability to
allow high intensity of rainfall, runoff to
percolate through it.

Pervious Concrete pavement can be
effectively implemented in a residential
colony considered as a case study. This
will help in ground water recharge
reducing surface runoff during rainy
season which will help in solving

problem of water crisis during summer.
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