© March 2025 | DIRT | Volume 11 Issue 10 | ISSN: 2349-6002

Pervious Concrete Technology: Advancing Green
Infrastructure for Water Conservation

Mrs. Supriya Prasad Patil® Surit Kushwaha?, Nishant Shanghvi®, Dharmik Patel*
'Senior Lecturer, Civil Engineering Department, Shri Bhagubhai Mafatlal Polytechnic, Vile Parle
West, Mumbai-56, Maharashtra, India
234students, Civil Engineering Department, Shri Bhagubhai Mafatlal Polytechnic, Vile Parle West,
Mumbai-56, Maharashtra, India

Abstract:  Pervious concrete is an innovative
construction material designed to support sustainable
urban development by improving water conservation
and stormwater management. Unlike conventional
concrete, its porous structure allows rainwater to seep
through, reducing surface runoff, minimizing flooding
risks, and replenishing groundwater levels. This paper
explores the composition, benefits, and real-world
applications of pervious concrete, emphasizing its role
in green infrastructure. By addressing environmental
concerns such as urban flooding and water scarcity,
pervious concrete presents a promising solution for
creating more resilient and eco-friendly cities.

Index Terms: Pervious Concrete, Green
Infrastructure, Stormwater Management, Water
Conservation, Sustainable Construction.

I. INTRODUCTION

Pervious concrete has emerged as a revolutionary
material in modern construction, offering a
sustainable  solution to environmental and
infrastructural challenges. Unlike conventional
concrete, pervious concrete is designed with a
highly porous structure that allows water to pass
through, making it an effective tool for stormwater
management, groundwater recharge, and urban
flood mitigation [1]. This unique characteristic
makes pervious concrete an integral part of green
infrastructure, aligning with global efforts to
enhance water conservation and mitigate the urban
heat island effect.

Historically, pervious concrete has been used for
over a century, but its application has gained
significant momentum in recent years due to
increasing environmental concerns and regulatory
mandates promoting sustainable development [2].
The absence of fine aggregates in its composition
leads to a network of interconnected voids, allowing
water infiltration while maintaining structural
integrity. However, despite its benefits, pervious
concrete faces challenges related to mechanical

strength, clogging, and long-term durability, which
require ongoing research and advancements in mix
design and material optimization [3].

The versatility of pervious concrete extends beyond
pavements and roads. It is widely used in parking
lots, sidewalks, landscaping, and even noise-
reducing barriers, contributing to resilient urban
planning. Additionally, researchers have explored
various modifications, such as fiber reinforcement
and supplementary cementitious materials, to
enhance its strength and durability while preserving
its permeability [4]. As urbanization continues to
expand, the demand for eco-friendly construction
materials like pervious concrete is expected to rise,
reinforcing the need for further research and
innovation in this field [5]. This paper aims to
explore the composition, benefits, applications,
challenges, and prospects of pervious concrete,
emphasizing its role in advancing green
infrastructure for water conservation.

I1. HISTORY AND DEVELOPMENT

Pervious concrete has a long history, dating back to
the early 19th century when it was first introduced
in Europe for pavement surfacing and load-bearing
walls. However, it remained a niche material due to
its lower strength compared to conventional
concrete. Its adoption gained momentum in the mid-
20th century as the demand for cost-effective and
sustainable construction materials increased. In
particular, its use surged after World War Il in
response to cement shortages, leading to the
development of more refined mix designs [6]. By
the 1970s, pervious concrete started receiving
attention in the United States as a solution for
stormwater management, helping to mitigate urban
flooding and groundwater depletion. The material's
ability to allow water to percolate through its
structure made it a favorable choice for parking lots,
sidewalks, and other low-traffic applications.
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Research during this period focused on optimizing
permeability and strength to make it a viable
alternative for larger infrastructure projects [7]. The
early 2000s saw the rapid expansion of pervious
concrete in countries like India, where growing
urbanization and water scarcity emphasized the need
for sustainable building materials. Engineers began
incorporating supplementary cementitious materials
and polymer additives to enhance its mechanical
properties while maintaining its high porosity.
Recent developments have explored the use of
recycled aggregates and non-metallic fibers to
improve both durability and sustainability [8].
Today, pervious concrete continues to evolve, with
ongoing research aimed at enhancing its structural
integrity, resistance to clogging, and application in
high-traffic areas. Advancements in
nanotechnology, fiber reinforcement, and
admixtures have expanded its potential beyond
conventional uses, making it a key component in
modern green infrastructure projects worldwide [9].

I11. COMPOSITION AND PROPERTIES

Pervious concrete is primarily composed of cement,
coarse aggregates, and water, with the optional
inclusion of fine aggregates to enhance compressive
strength. All materials utilized in its production
must adhere to the appropriate Indian Standard (IS)
Specifications or equivalent international standards
to ensure optimal performance. Additionally, a
combination of cementitious materials may be
incorporated to achieve specific structural and
environmental properties. The use of chemical
admixtures is common to improve workability,
durability, and other critical performance factors.
These admixtures must also conform to relevant
regulatory standards.

A. Cementitious Materials

Pervious  concrete  predominantly  employs
conventional Portland cement or blended cements.
To enhance specific characteristics, supplementary
cementitious materials (SCMs) such as fly ash and
slag may be added. These additions contribute to
improved durability, reduced permeability, and
enhanced sustainability by reducing the overall
cement content.

B. Coarse Aggregates

Unlike conventional concrete, pervious concrete
excludes fine aggregates to maintain its porous
structure. The coarse aggregates used are carefully

graded to minimize particle packing while ensuring
adequate strength and permeability. Aggregate sizes
conform to ASTM C33/C33M standards, including
classifications 7, 8, 67, and 89, ensuring uniformity
and consistency in the final mix.

C. Water Content Control

Proper water management is essential in pervious
concrete to balance workability and permeability.
The water-to-cement (W/C) ratio is typically
maintained between 0.27 and 0.34 to prevent
excessive runoff while achieving sufficient
hydration. A well-controlled water content provides
a uniform paste consistency, ensuring adequate
bonding between aggregates while maintaining the
desired porosity.

D. Chemical Admixtures

To address the rapid setting nature of pervious
concrete, chemical admixtures such as retarders and
hydration stabilizers are commonly used to enhance
workability and extend setting time. In regions
prone to freeze-thaw cycles, air-entraining
admixtures may be introduced to improve resistance
against environmental stresses. These admixtures
help optimize durability, reduce clogging risks, and
enhance overall long-term performance.
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system.
3 | Compressive| Compressive Compressive
Strength | strength after 28 strength
days is 20| after 28
N/mm? days is
approx. 15
N/mm?
WI/C Ratio 0.30-0.55 0.27-0.45
5 Cement LOW HIGH
Content
6| Vibration Required Not Required
7 Fine Required Not Required
Aggregates

Table 1. Conventional Concrete vs. Pervious
Concrete

IV. COMPARISON WITH CONVENTIONAL
CONCRETE

Pervious concrete and conventional concrete serve
distinct purposes in construction, with notable
differences in their composition, strength,
permeability, and environmental impact. While
conventional concrete is widely used for its high
compressive strength and durability, pervious
concrete is specifically designed for stormwater
management, groundwater recharge, and sustainable
infrastructure.

A. Strength and Structural Performance

One of the primary distinctions between pervious
and conventional concrete is compressive strength.
Conventional concrete  typically  achieves
compressive strengths exceeding 20-40 MPa,
depending on the mix design and application. In
contrast, pervious concrete has a lower compressive
strength, ranging between 10-20 MPa, due to its
highly porous structure. This reduced strength limits
its use in high-load-bearing structures, making it
more suitable for sidewalks, parking lots, and low-
traffic roads [10].

B. Permeability and Water Management

Unlike conventional concrete, which is virtually
impermeable, pervious concrete features
interconnected voids, allowing water to pass through
at rates of 0.34 cm/s to 1.19 cm/s. This permeability
helps mitigate urban flooding, reduces surface
runoff, and promotes groundwater recharge.
Conventional concrete, in contrast, requires
additional stormwater management systems such as
drains and retention basins to handle runoff
effectively [11].

C. Durability and Maintenance

Conventional concrete is known for its long
lifespan, exceeding 30 years, with minimal
maintenance requirements beyond crack repair and
periodic resurfacing. Pervious concrete, while also
durable, requires biannual vacuuming and
occasional pressure washing to prevent clogging of
its pores. In freeze-thaw environments, pervious
concrete may be susceptible to frost damage if not
properly designed with air-entraining admixtures
[12].

D. Sustainability and Environmental Benefits
Pervious concrete is increasingly used in green
infrastructure projects due to its ability to reduce
urban heat island effects, filter pollutants, and
improve water quality. Additionally, it has a lower
overall carbon footprint when supplementary
cementitious materials (SCMs) like fly ash and slag
are incorporated. Conventional concrete, while
durable, has a higher environmental impact due to
its cement production emissions and reliance on
non-porous surfaces that contribute to stormwater
runoff and erosion [13].

V. ENVIRONMENTAL AND FUNCTIONAL
BENEFITS

Pervious concrete provides multiple environmental
and functional advantages, making it a preferred
choice for sustainable construction. Its high porosity
enables  effective  stormwater  management,
groundwater recharge, heat mitigation, and pollution
control, contributing to eco-friendly urban
development.

A. Stormwater Management and Groundwater
Recharge

One of the primary advantages of pervious concrete
is its ability to absorb and filter rainwater, reducing
stormwater runoff and preventing urban flooding. Its
interconnected void structure facilitates water
infiltration, replenishing groundwater levels and
reducing strain on municipal drainage systems.
Studies have shown that pervious concrete
pavements can reduce runoff by up to 80%, making
them an effective solution for flood-prone areas
[14].

B. Reduction of Urban Heat Island Effect

Urban areas often experience higher temperatures
due to heat retention by conventional concrete
surfaces, a phenomenon known as the Urban Heat
Island (UHI) effect. Pervious concrete helps
mitigate this issue by promoting evaporative cooling
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and reducing surface temperatures. Research
indicates that surfaces constructed with pervious
concrete can be 3-6°C cooler than traditional
pavements, making it an effective material for
climate-responsive urban planning [15].

C. Pollution Control and Water
Improvement

Beyond water absorption, pervious concrete serves
as a natural filtration system, capturing
contaminants such as heavy metals, oils, and
sediments before they infiltrate water bodies.
Studies confirm that pervious concrete can remove
up to 85% of total suspended solids (TSS) and 65%
of total nitrogen (TN) from stormwater, significantly
improving water quality in urban environments [16].
D. Noise Reduction and Functional Benefits

The open-graded structure of pervious concrete
absorbs sound waves, reducing noise pollution in
high-traffic areas. This makes it a suitable material
for roads, highways, parking lots, and residential
areas. Additionally, pervious concrete reduces
hydroplaning risks by allowing water to drain
quickly, improving road safety [17].

Quality

VI. CHALLENGES AND MAINTENANCE

Pervious concrete, despite its numerous advantages,
faces certain challenges related to durability, surface
degradation, and maintenance requirements. Proper
maintenance techniques are essential to ensure its
long-term performance and effectiveness in
stormwater management.

A. Surface Raveling

Surface raveling refers to the dislodging of
aggregate particles from the surface of pervious
concrete. This issue arises due to improper water-to-
cement ratio (w/cm), inadequate compaction, or
improper curing techniques. Ensuring adequate
curing, correct w/cm ratio, and sufficient
compaction can significantly minimize raveling.
While some loose stones on the pavement surface
are expected initially, severe raveling is
unacceptable. Typically, once the top layer of loose
aggregate is removed, further deterioration ceases.
The use of snowplows can exacerbate surface
raveling, particularly if rigid metal blades come into
direct contact with the concrete surface. To mitigate
this, it is recommended to use plastic or rubber
shields at the base of the snowplow blades to reduce
mechanical damage to the pavement.

B. Clogging and Permeability Reduction

Clogging occurs when fine particles and organic
debris accumulate within the voids of pervious
concrete, reducing its infiltration rate. These fines
may be wind-borne, water-borne, or tracked onto the
pavement by traffic. Additionally, vegetative debris
such as leaves can accumulate on the surface and
require periodic removal.

Despite this challenge, pervious concrete typically
has an initially high infiltration rate, allowing it to
function effectively even with partial clogging. A
field study conducted in the Southern USA found
that pervious concrete pavements installed 10 to 15
years ago continue to function satisfactorily despite
minimal maintenance. Proper site preparation—such
as ensuring that surrounding landscapes do not drain
fine materials onto the pavement—can also help in
reducing clogging risks.

C. Maintenance Techniques

The two most widely accepted maintenance
methods for pervious concrete are:

Pressure  Washing: This method dislodges
contaminants by forcing water through the
pavement’s pores. However, excessive pressure
should be avoided as it may damage the concrete
surface.

Power Vacuuming: This technique removes
contaminants by extracting fines and debris from the
voids of the pavement.

Research indicates that a combination of pressure
washing and power vacuuming yields the best
results, restoring infiltration rates close to original
permeability levels. Studies have shown that
optimized maintenance methods can restore
permeability by over 60% [18]. Additionally,
periodic field performance evaluations suggest that
pressure washing at controlled levels (5-20 MPa)
combined with vacuum suction offers the most
effective maintenance strategy [19].

D. Durability and Strength Considerations

One of the primary concerns with pervious concrete
is its lower compressive strength compared to
conventional concrete, which can limit its
application in high-load areas. Researchers have
explored using fiber reinforcement, modified mix
designs, and admixtures to enhance durability while
maintaining permeability [20]. Furthermore, studies
indicate that the impact abrasion rate for
conventional pervious concrete can reach up to
60%, whereas fiber-reinforced pervious concrete
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shows a significantly reduced abrasion rate of about
20% [21].

VII. APPLICATIONS OF PERVIOUS
CONCRETE

Pervious concrete is widely used in sustainable
urban development due to its high permeability,
environmental benefits, and functional advantages.
Its diverse applications extend across stormwater
management, landscaping, road infrastructure, and
ecological preservation.

A. Pavements for Stormwater Management
Pervious concrete is extensively used in pavement
construction to efficiently manage stormwater
runoff. Its porous structure allows water to percolate
through the surface, reducing the risk of urban
flooding and minimizing pressure on municipal
drainage systems.

B. Parking Lots for Groundwater Recharge
Parking lots made of pervious concrete contribute to
groundwater recharge by enabling natural filtration
of rainwater. This reduces stormwater pollutants
such as oils, heavy metals, and sediments, improving
overall water quality.

C. Architectural and Aesthetic Applications
Pervious concrete is also used in architectural
structures such as decorative walls and partitions,
enhancing aesthetic appeal while maintaining
structural functionality.

D. Green Infrastructure for Sustainable Urban
Development

Due to its temperature-regulating properties,
pervious concrete is an integral part of green
infrastructure projects. It helps mitigate the urban
heat island effect, promoting cooler urban
environments and reducing energy consumption in
cities [22].

E. Landscaping for Water Conservation

In landscaping applications, pervious concrete
creates permeable surfaces, allowing water
infiltration and supporting efficient irrigation
practices. This enhances water conservation efforts
while maintaining soil health.

F. Erosion Control in Vulnerable Areas

Pervious concrete is deployed in areas prone to
erosion, providing a durable and stable solution for
soil retention. By preventing excessive runoff, it

helps maintain natural landforms and reduces soil
degradation.

G. Roadside Drainage for Effective Water
Management

Roadside drainage systems utilize pervious concrete

to enhance water management, reducing standing

water on roads and highways. This contributes to

safer driving conditions and improved stormwater

management.

H. Residential

Construction
Pervious concrete is increasingly used in residential
driveways and walkways, aligning with sustainable
building practices. Its durability and permeability
make it a practical choice for eco-friendly housing
projects.

Developments for  Sustainable

I.  Sports Field and Recreational Areas

Due to its water-draining capability, pervious
concrete is used in sports facilities, such as
badminton and tennis courts. Additionally, it is an
excellent material for swimming pool decks,
providing slip resistance and quick drainage.

J.  Noise Reduction and Sound Barriers

The high air content within pervious concrete
absorbs sound waves, reducing noise pollution. It is
commonly applied in noise barriers along highways
and footpaths in busy urban areas to improve
acoustic comfort.

K. Ecological Habitats and Environmental
Conservation

Pervious concrete’s interconnected void structure

allows it to be used in reef blocks and tree grates,

supporting marine biodiversity and urban forestry

initiatives. By facilitating oxygen and water

penetration, it helps sustain natural ecosystems.
/ Pervious Concrete

3t +— Filter Fabric
Subgrade

VIII. EXPERIMENTAL DESIGN AND MIX
STUDY

Procedure
A cubic sample of pervious concrete was cast using
a specified mix design. Three 15x15x15 cm cubes
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were prepared, with two tested for compressive
strength after 7 days of water curing. The mixing
process involved thoroughly blending cement and
aggregates, followed by gradual water addition. The
concrete was then placed into greased molds in three
layers, each tamped 25 times for uniform
compaction. After 24 hours, the cubes were
demolded and placed in a curing tank for further
hydration.

Mix Design

The mix proportions were developed using IRC 44
guidelines, targeting 20% void content and a 0.40
WIC ratio. Specific gravities were determined for
cement and aggregates, with calculated material
quantities per cubic meter and per cube ensuring
consistent batch preparation.

Voids content 20%
W/C ratio 0.40
fck 20 N/mm?
Specific Cement 3.15
Gravity M1 2.87
M2 2.89
Proportions (1md)
Cement 500 kg
Water 200 kg
Aggre M1 887.52 kg
gate M2 380.37 kg
Proportions (1 Cube)
Cement 1.6875 kg
Water 0.675 kg
M1 3.1197 kg
Aggregate 1.337kg

Table 2. Mix Proportions for pervious Concrete
RESULTS

The compressive strength test was conducted on two
water-cured cubes after 7 days. The applied loads
were 208.2 kN and 211.5 KN, resulting in
compressive strengths of 9.25 N/mm2 and 9.38
N/mmz, respectively. These values indicate the
mechanical performance of the pervious concrete
mix under the specified curing conditions.

Particulars Cube 1 Cube 2
Date of casting 15/02/2024 15/02/2024
Curing, (days) |Water curing, 7| Water curing, 7

days days
Date of testing 22/02/2024 22/02/2024
Size, mm 150 x 150 150 x 150
Height, mm 150 150
Cross sectional 22500 22500

area, mm?

Weight, Kg 6.825 7.080
Load exerted, kN 208.2 2115

Compressive 9.25 9.38
Strength, N/mm2

CONCLUSION

Pervious concrete has proven to be a transformative
material in  modern construction, offering
sustainability, stormwater management, and

environmental benefits. Its porous structure allows
effective water infiltration, reducing runoff,
flooding, and urban heat island effects while
promoting groundwater recharge. Despite its
advantages, challenges such as lower compressive
strength, surface raveling, and clogging require
optimized mix designs and maintenance strategies.
Advances in fiber reinforcement, admixtures, and
periodic cleaning techniques have significantly
improved its durability and performance. The
material ~ finds widespread applications in
pavements, parking lots, landscaping, noise
barriers, and ecological habitats, reinforcing its role
in green infrastructure. Experimental studies further
validate its structural and environmental efficiency,
making it a viable alternative to conventional
concrete in specific applications. As the
construction industry shifts toward sustainability,
pervious concrete stands out as a practical, eco-
friendly solution. With ongoing research and
improved implementation strategies, it holds great
potential for creating resilient and sustainable urban
environments.
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