International Journal of Scientific & Engineering Research Volume 12, Issue 11, November-2021 232
ISSN 2229-5518

Application of porous concrete in pavement

Mubashshir Sayed(1), Ajaz AhmadNajar(1), Faizan Shaikh(1), Aiyaz Ahmed Syed(1), Dr. Uma Kale(2) &
Mr. Sayed Mohammed Hadi (3).

(1) Student at M.H. Saboo Siddik Collage of Engineering(affiliated with Mumbai University), Civil department, byculla,
Mumbai-400008.

(2) Project Guide, Professor at M.H. Saboo Siddik Collage of Engineering, Civil department.

(3) Co-Guide, Director Operations, IMTAS Infratech Pvt Ltd.

Abstract—To develop smart and sustainable cities in India, we need to develop smart technologies and sustainable construction materials
and also to focus on minimizing our defects. In India, the groundwater table is decreasing at a faster rate due to a reduction in groundwater
rechargers. As rapidly growing and uncontrolled changes within the natural landscape thanks to human intervention have created a
significant problem of rainwater harvesting in many Indian cities. Rainwater is seen getting wasted in the city because of a lack of proper
arrangement of drainage systems. Nowadays, the vegetation cover is supplanted by foundation hence the water gets very little opportunity
to infiltrate itself into the soil. If the porous concrete which has a high porosity is utilized for the development of pavements, strolling tracks,
parking areas, well coating, and so forth then it can reduce the runoff from the site and help in the groundwater recharge. This lessens the
potential for downstream sewer overcharging and flooding, decreases downstream contamination stacking, and accommodates
groundwater to re-energize. The construction of Porous concrete pavement (PCP) is also one of the best methods to solve this problem.
Such types of smart materials will play an important role in Indian conditions where the government is putting a lot of effort to implement
groundwater recharging techniques. However, the use and implementation of porous concrete pavements in India are exceptionally
negligible because of a shortage of involvement and experienced laborers, and accordingly, the structure of porous concrete makes limits
to its mechanical strength and difficulties in its maintenance to accomplish the expected lifetime. This research aimed to work out the
properties of porous concrete-supported trials within the laboratory and on sites. We have also studied some important factors to
implement porous concrete like where it can be used over an existing road, the maintenance schedule prepared for the supervision of PCP,
to measure the infiltration rate at different intervals to determine if there was clogging in the PCP, the mix design for the porous concrete
which was completed dependent on its permeability and characteristics strength, different geographical provisions, the traffic intensity and
the precipitation for that particular region the concrete was designed. In some research, it's seen that there's effective seepage execution of
the PCP, showing the probability of development of such pavements within the waterlogged areas of India. This research paper also
examines the planning and technical details related to the implementation of the pavement system including an examination of regulatory
requirements concerning stormwater management that applied to the development project. Pavement system costs including ongoing
maintenance costs are also evaluated and compared to costs associated with a more conventional pavement and stormwater
management.

Index Terms— Porous Concrete Pavement(PCP), sustainable construction material, ground water recharge, rain water harvesting, water logging,
maintenance, effective seepage execution.

1 INTRODUCTION :-

1.1 Introduction :-

o develop smart and sustainable cities in India, we need to

develop smart technologies and sustainable construction

materials and also to specialize in minimizing our defects.
In India, the groundwater table is decreasing at a faster rate as
India is an underdeveloped country and goes through drastic
changes to develop its infrastructure which results in the re-
duction of groundwater rechargers. Nowadays, Paved surfac-
es have become quite common everywhere around the globe
because of urbanization. As urbanization increases in India
and lots of parts of the world, the problem of waterlogging
and also the requirement of drainage are additionally in-
creased, this can be partly due to the imporous nature of the
bituminous and concrete pavements. The rainwater that might
have earlier been percolated into the ground has now become
a runoff, which needs proper stormwater management to
make sure adequate groundwater recharge. The use of porous
concrete as pavement material with little or no fine aggregate
and only enough cement paste to bind together the coarse ag-

gregate has been recognized as Best Management Practice
(BMP) by the US Environment Protection Agency (EPA) for
providing pollution control, stormwater management, and for
sustainable development.

Porous concrete is also called permeable concrete, no-fines
concrete, and Pervious concrete. In recent years, porous con-
crete has become popular as an efficient stormwater manage-
ment device in a region that receives frequent and sometimes
extensive rainfalls. Also, because the metropolitan regions
extend, the vegetation cover is being replaced by infrastruc-
ture hence the water gets little or no opportunity to infiltrate
itself into the soil. If the porous concrete which contains a high
porosity is used for the development of pavements, strolling
tracks, parking areas, well coating, so forth then it can reduce
the runoff from the location and help in the groundwater re-
charge. This lessens the potential for downstream sewer over-
charging and flooding, decreases downstream contamination
stacking, and accommodates groundwater to re-energize. The

IJSER © 2021

http://www.ijser.org


http://www.ijser.org/

International Journal of Scientific & Engineering Research Volume 12, Issue 11, November-2021

ISSN 2229-5518

construction of Porous concrete pavement (PCP) is additional-
ly one of the most effective methods to resolve this problem.
Such types of smart materials will play a crucial role in Indian
conditions where the govt is putting tons of effort to imple-
ment groundwater recharging techniques. Porous concrete
pavement (PCP) is an alternate to traditional concrete and as-
phalt in the roadway and pavement design which contributes
to enhancing society benefits the environment and promotes
the economy while also presenting a number of the prevailing
challenges that limit its application. Porous concrete pavement
is one of the quickest developing technologies in sustainable
roadway engineering. However, the utilization and imple-
mentation of porous concrete pavements in India are excep-
tionally negligible due to a shortage of involvement and expe-
rienced laborers, and accordingly, the structure of porous con-
crete makes cutoff points to its mechanical strength and has
many troubles in its maintenance to accomplish the expected
lifetime. Additionally, costly stormwater structures like pip-
ing, inlets, and ponds are eliminated. Construction schedules
also will be improved because the stone recharge bed is going
to be installed at the beginning of construction, which helps in
enhancing erosion control measures and preventing rain de-
lays thanks to harsh site conditions. There are several benefits
for using porous concrete in sidewalks as below the sidewalks
there's not any foundation or any concrete structure which
will get affected by seepage of water, therefore the seeped wa-
ter will directly contribute to the groundwater level without
affecting any structure. One of the foremost significant ad-
vantages is its adequacy for stormwater management; reduces
puddling, reducing Stormwater runoff, Helpful in reducing
surface runoff, it's eco-friendly, it keeps roads surface cool and
clean, Effective utilization of waste, it'll help to protect trees
and increases the extent of groundwater level. It also can filter
contaminants thus improving water quality. Many types of
research have shown high removal rates of Total Suspended
Solids (TSS), metals, oil, and moderate removal rates for phos-
phorous from utilizing porous Concrete.

1.2 Background :-

Pervious concrete was first used in the 1800s in Europe as
pavement surfacing and load bearing walls. Cost efficiency
was the main motive due to a decreased amount of cement. It
became popular again in the 1920s for two storey homes in
Scotland and England. It became increasingly viable in Europe
after WWII due to the scarcity of cement. It did not become as
popular in the US until the 1970s. In India it became popular
in 2000. [1]
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2 LITERATURE REVIEW
2.1 Material Used:-

2.1.1 Cementitious Material

Type 1 to 4 grade Portland cement is commercially available
and used for sustainable concrete production. (ATM 150).
Cement Cement (Plastic Plastic Cement, also known as
GGBEFS) is a concrete material used in concrete production.
(TSMS 989) Fly ash is commercially available and used in sus-
tainable concrete production. (SCM 618). Many types of ash
and fly are additional cement materials, which are often used
to replace the amount of cement. Both provide good benefits
for durable concrete and provide increased performance,
which means they add durability and compressive strength in
the long run. Both require longer healing time so that the first
resistant concrete can stand and gain strength. Additional ce-
ment materials (SMS) can be added to cement such as flies,
pets and moss. SME affects concrete performance, deadlines,
toughness, fragility and more. Silica smoke, ashes, and ashes
will increase resilience by reducing fragility and cracks.

Ash is a waste product of burning coal in the power plant
used for landfill, but now large quantities are used in cement
to increase strength. This material can be used to replace 5-
60% Portland cement cement. The blast furnace is a product
made of steel. It is added to the concrete and the strength and
durability are higher and can replace 20-70% cement in the
mix.

Silicone smoke is a product of silicone production. Silicon
fumes are good spherical particles and increase the strength
and toughness of concrete. It is often used for high-rise build-
ings and produces concrete that exceeds the compressive
strength of 20000P. Silica fume can replace cement in 5-11%
volume. [3]

2.1.2 Aggregates

The content of the aggregate is limited to concrete and gravel,
including an important role in sustainable concrete. The most
commonly used aggregate (19.0 - 4.75 mm), (9.5-2.36 mm). A
single unit up to 1 inch (25 mm) is also used. Large units pro-
vide rough surfaces. Round and angular summation is used in
solid concrete, and generally higher strength is achieved with
rounded aggregates. Incorporating physical characteristics
such as size, shape and distribution play an important role in
the management of mechanical processes, stability, and sus-
tainability of concrete floors. In addition to the size of the ag-
gregate, the total type has a significant effect on the properties
of the resistant concrete. Although limestone assemblages are
commonly used to produce resistant concrete, there are a
number of other studies that show that the sedimentary, sed-
imentary, sedimentary, sedimentary rocks are replaced by
convection. In this diatomite, the concentration provides a
higher compressive strength at higher porosity levels than the
similar mixture. In another study, natural limestone aggregate
(NN) and two types of recycled aggregates: recycled concrete
aggregate (RBA) and recycled concrete aggregate (RCA) were
the materials used. The water uptake of RBA and RCA was
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approximately ten-fold higher than that of NA. In other stud-
ies, coarse aggregates, such as dolomite, cheddar, steel, were
used to drain the leakage capacity of concrete. The best type of
aggregate for the preparation of hydropower concrete from a
biological point of view is the daisy. For lightweight concen-
trations of stable concrete, coconut kernel bark is used as an
alternative to inertia. [3]

2.1.3 Admixtures

For concrete properties, chemical impurities are used like or-
dinary concrete. Due to the faster repair time in the concrete,
added fluid stabilization or hypothermia are usually used.
The use of chemicals should be strictly followed by the manu-
facturer's recommendations. Air impurities, which can reduce
cold water damage in ductile concrete, are used when freeze-
thaw is a problem. This code regulates ASTM C 494 - Chemi-
cal impurities and S-260 - impurities for air concrete. Water
reduction impurities are also used. The dose for resistant con-
crete may exceed the range commonly used for conventional
concrete. A threshold of 6 oz / cyl is recommended for this
type of concrete. The fluid stability is also known as advanced
control and viscosity additives (VMAs). Every day, new im-
purities for sustainable concrete are discovered e. More re-
cently, the company has teamed up with water manufactur-
ers, fluid stabilizers and recyclers to create a product in the
market for sustainable concrete. [3]

2.1.4 Water

AW / Cratio of 0.20 to 0.35 is routinely used with a high con-
centration of chemical impurities into the concrete, with a
maximum of 0.40 in the concrete. The relationship between
strength and water / cement ratio is not clear for resistant
concrete, unlike conventional concrete, the total paste content
of concrete is less than the void content of the aggregate.
Therefore, reinforcing the paste may not always lead to an
increase in the overall strength of the concrete. Water content
should be strictly controlled for these species. The correct
amount of water should be poured into the concrete for good
results if the water level is high and no gaps are present. Wa-
ter quality is discussed in AIA 301. As a general rule, drinking
water is suitable for use in concrete. Recycled water from the
use of concrete may be used in the well if it complies with the
provisions of SMSAAAA or 157. [3]

2.2 Mix Design Components

2.2.1 Cement Content

For compressive strength and void content, the general con-
crete material of ductile concrete is important. The compres-
sive strength will be reduced when inadequate cement materi-
al is formed improperly. The size and degree of convection
depends on the optimum context of the cement material and
usually ranges between 265 and 417 kg / m3. The above
guidelines can be used to develop a batch.

The ASTM C1688 test can be performed in the laboratory to
determine if the target deletion content is achieved correctly.
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[3]

2.2.2 Void content

There was no significant leakage through the concrete due to
insufficient coupling of the gaps to allow rapid colorization at
less than 15% of the void content. Therefore, concrete mixes
are usually designed for 20% void content to achieve sufficient
strength and penetration. [3]

2.2.3 Water cement ratio

The water cement ratio (W /() is important for obtaining the
desired strength and improper structure in the resistant con-
crete. A high W /C ratio reduces the adhesion of the paste to
the unit and causes the paste to flow and fill the gaps even
when compacted. A low W /C ratio will prevent good mixing
and may result in the formation of beads in the mixer and
prevent even sealing of cement paste thus reducing the maxi-
mum strength and durability of the concrete. The W /C ratio
between 0.25 and 0.40 provides the best overall coverage and
stability. The simple ratio W /C to increase the strength for
ordinary concrete does not apply to resistant concrete mix-
tures. Careful control of the moisture ratio W /C is essential to
obtain a stable and stable concrete. [3]

2.3 Different Properties
2.3.1 Hardened Properties :-

2.3.1.1 Density And Porosity

The properties and proportions of the materials as well as the
sealing procedures used in the installation depend on the den-
sity of the concrete. General densities ranging from 100 lbs / ft
/ to 127 1bs / ft (1610 kg / m to 2010 kg / square foot) are in
the upper range of lightweight concrete. A 5-inch slab with
25% spacing will allow 1-inch of rain to cover most of the rain-
fall. When placed on a 6-inch (150 mm) layer with thick gravel
or crushed stone, the load capacity increases to 3 inches (75
mm). [3]

2.3.1.2 Compressive strength

In the laboratory, the development of compacted concrete re-
sistant concrete mixes ranges from 3.5 MPa to 28 MPa, which
is suitable for many types of applications. About 17 MPa is the
normal compressive strength value. Specific material proper-
ties and combinations as well as placement techniques and
environmental conditions will determine the strength. How-
ever, there is currently no ASTM test standard for the com-
pressive strength of resistant concrete, test differentials meas-
ured by various test methods have been found to be high. In-
stead, it is recommended to specify null content between 15%
and 25% as measured by MSM 1688: Standardized test meth-
od for density and blank content of mixed primary summary
for quality assurance and reception. Take. [3]
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2.3.1.3 Permeability

Permeability was used to measure the resistance to a perma-
nent nozzle designed in the laboratory. Samples were placed
in the apparatus for maintaining a vertical water column
above the surface of each sample. The apparatus tightens
around each sample and seals and restricts the flow of water
so that water enters and exit only through the top and bottom
of the sample. The water level was maintained at 75 mm
above the sample surface. This ensures that the surface turbu-
lence will not affect the flow of water in the sample. Flow
rates were measured using a measuring device (ISCO UniMag
4401 magnetic flux) in a water main. Adjust flow rate while
keeping a fixed head 75 mm above the sample for 10 minutes.
Once the flow equilibrium is reached, the flow rate through
the sample is recorded. The resistance of each sample was cal-
culated by dividing the flow rate recorded by the surface area
for each sample. [3]

2.3.1.4 Flexural strength

In a continuous summary, the flexural strength usually varies
between 150MPa and 550MPa. Many factors affect flexibility,
especially the degree of compactness, roughness, and aggre-
gation to the cement ratio. For design, measurements of flex-
ural strength are not required in the application of resistant
concrete. [3]

2.3.1.5 Shrinkage

Degradation of resin-resistant concrete develops faster but
less than normal concrete. The specific compaction values will
depend on the mixture and the material used, but the order
values of .002 are reported for precast concrete, which is about
half of the typical concrete mix. The low content of the paste
and the solution of the material is explainable. In the first 10
days, a shrinkage of 50 to 80% occurs for resistant concrete
compared with 20% to 30% over the same period for regular
concrete. Due to its low contractility and surface texture,
many resistance materials are manufactured without the con-
trol joints and allow for accidental cracking. [3]

2.3.2 Durability Properties :-

2.3.2.1 Freeze thaw resistance

It seems that the cold resistance and melting of the resistant
concrete depend on the degree of saturation of the gaps in the
concrete when cooled. This field will have a fast drainage fea-
ture that prevents saturation. The corroborative evidence also
suggests that snow-covered concrete is being cleaned faster
because the void content allows the snow to melt faster than
normal flooring. In fact, many concrete floors in North Caroli-
na and Tennessee have been in service for more than 10 years.
Studies show that the air entering the pots improves protec-
tion against freezing and melting of resistant concrete. The use
of air retention agents in cement paste will be a minimum of 6
inches and often up to 12 or 18 inches in sand dunes such as 1-
inch stones are usually recommended in cold-weather condi-
tions. Melt where the cold period receives considerable mois-
ture. [3]

2.3.2.2 Sulphate resistance
Aggressive chemicals such as acid and sulfate in soil and wa-

ter are a concern for conventional and resilient concrete. Both
have similar mechanisms of attack. The open structure of con-
crete slab may be more attack than closed in large areas. In
soils with high sulfate content and Pervious concreteground-
water can be used if insulated. Maximum 6-inch, 1-inch-thick
concrete provides concrete slab foundation and rainwater in-
sulation. These precautions are taken in the aggressive envi-
ronment as recommended by ACI 201 for W / C ratios, and
the type of material and the ratio should be strictly observed.

[3]

2.3.2.3 Abrasion Resistance

Due to the coarser surface texture and the open structure of
the concrete, the removal and removal of aggregate particles
can be problematic, especially when snow plows are used to
clean floors. This is the main reason why applications such as
highways are generally unsuitable for tubular concrete. Evi-
dence that a sealed concrete floor allows the snow to melt
faster and requires less plowing. Most soluble concrete floor-
ing will have some loose accumulation on the surface at the
beginning of the first week.

These concentrations initially were poorly bonded to the sur-
face and appeared to be due to the charge load. The surface
sliding speed decreases after the first few weeks and the
pavement surface becomes more stable. Proper compression
and healing techniques reduce the appearance of sealing on a
durable concrete surface. [3]

3 MTHODODLOGY

3.1 Experimental materials and mix proportion:-

3.1.1 Cement, Aggregate & Water
In this 53 grade Deccan Cement (OPC) is used. The color of
cement is gray and free from lumps as per IS: 12269:2013.

Tests are performed for cement and are according to stand-
ards. [2]

3.1.2 Mix Proportion.

Mix Cement Aggregate Water
(kg/cu.mt) | (kg/cumt) | (lit/cu.mt)
Ratio 1 4 0.32
Quantity 450 1800 144

Mix proportions
3.2 Preparation of Sample and Testing:

Mechanical properties of Porous concrete are found out by
performing tests of compressive strength, flexural strength,
porosity, and permeability. [2]

3.2.1 Compressive strength test :-
Test Procedure:
1. Inorder to calculate the compressive strength, cylin-
ders of dimensions 100x200 mm are used.
2. 2. The proportions are then mixed and placed in the
cylinder in two layers by giving 25 blows with a mod-
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ified proctor hammer for each layer and is then kept
for curing for about 7,14,28,56,91 days.

3.  After the curing period, the compression strength of
the specimen is found out by testing it in the Com-
pression Testing Machine CTM. [2]

3.2.2 Flexural strength test :-

Test procedure:

The following testing procedure was undertaken during the
flexural strength testing:

1. The specimens for testing are prepared by moulding the
concrete into beams, with dimen-
sions500mmx15mmx15mm,support and loading has
done as per IS 456-2000.

2. The specimens which are cured in water are tested im-
mediately after taking out of water; while they are still
wet. The test specimen should be placed in the machine
correctly by centering with the longitudinal axis of the
specimen at 900 to the rollers. The loading direction
should be normal to mould filling direction in case of
molded specimens.

3. The load should be applied slowly without sudden loads
at a rate so as to increase the stress at a rate of 0.06 + 0.04
N/mm?2 per second.

4. The Flexural Strength (Fb) is given by,

F,=PxL/(bxd")
Where,

Fb = Flexural strength (N/mm?2),

P = maximum load in kg applied on the specimen,
L = length in cm of the span of the support.

b = width of specimen(cm),

d = depth of the specimen(cm). [2]

3.2.3 Density and void content :-
Test Procedure:

1. Calculate the mass of each sample core to the nearest 0.1
g, and record it as “Initial Mass.”

2. Initially dry the sample for 24 h + 1 hour, and find this
mass (Wp), to the nearest 0.1 g. Place the specimen in the
oven for about one hour and note the mass again. When
the difference in mass is less than 0.5 %, then constant
mass is achieved. Drying in the oven should be contin-
ued until a constant mass is achieved.

3. In a bulk density tank-scale measuring system is filled
completely with tap water, specimens are submerged
completely, and place them straight for 30 minutes un-
derwater.

4. After 30 minutes, keeping the specimen submerged in
water, the side of the specimen is tapped 10 times with a
rubber mallet. Rotate the specimen slightly after each tap
so that they are equally spaced around the circumference
of the core.

5. The mass of the specimen is measured to the nearest 0.1
g by submerging the specimen under water, and record
it as the “Submerged Mass” (W;) Calculate the Porosity
as follows:

P =[1- (Wp-W;s)/p,) /Vr]x100]
Where,
P = Porosity of the concrete,

Wp = Dried mass of the given concrete,
Wz= Submerged Mass of the given concrete,
V= Total Volume. [2]

3.2.4 Water permeability test :-
Test procedure:

1. Measurement of water permeability: As pervious con-
crete contains large interconnected pore network, the
methods that are used to evaluate the hydraulic conduc-
tivity of normal concrete are not applicable directly. In
order to estimate the hydraulic conductivity of pervious
concrete, a falling head permeability cell has been de-
signed.

2. The permeability cell has a 300 mm long acrylic tube with
an inner diameter of 110 mm. The specimen is closed in a
sponge type membrane which does not absorb water. Af-
ter placing the specimen in the permeability setup water
will be allowed until the taken head level has filled in the
graduated cylinder by closing the out let value. The head
levels 22 cm difference has taken. Out valve should be re-
leased to check the time (t) taken for the water filled be-
tween head levels and measured coefficient of permeabil-
ity (K).

K= A,l/4; x log(hy /hy)

Where,

K = Coefficient of permeability,

Ay & Azare cross-section areas of the sample and the
tube,

L is length of the specimen,

h1 & h2 is initial and final heads.

Flow rate is calculated by:

g = KIA

K- permeability m/s,

I = hydraluic gradient,

A = cross sectional area (M"). [2]

4 ADVANTAGES,DISADVANTAGES & LIMITATION

4.1 Advantage Of Pervious Concrete:

4.1.1 Environmental benefits:- [13]
1. It reduces stormwater runoff replenishes water tables
and aquifers.
2. It eliminates detention ponds that are costly for
stormwater management practices.
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3. Also permits for extra environment-friendly land
growth.

4. It prevents warm and polluted water from getting in-
to streams.

4.1.2 Safety benefits: [13]
1. It minimizes flash flooding and standing water.
2. Skidding is lowered.
3. Light reflectivity is greater than asphalt surfaces,
therefore reduce the heat island effect.
4. Glare from the wet pavement is virtually eliminated.

4.2 Disadvantages Of Pervious Concrete: [13]

1. Runoff from adjacent areas onto pervious concrete
needs to be prevented.

2. The parking areas are generally limited to auto park-
ing and occasional trucks.

3. If reinforcement is required, epoxy-coated bars
should be used.

4. Concrete has variable permeability.

5. Over-vibration significantly reduces permeability.

4.3 Limitations

The main limitations are,

4.3.1 Maintenance considerations

The required maintenance schedule must be followed for a
pervious concrete pavement to function as planned.

In addition to owners not being aware of the existence of per-
vious concrete pavement on a property, the primary explana-
tion for premature prior concrete pavement failures is the neg-
ligence of necessary maintenance activities and schedules.
4.3.2 Effectiveness

To greatly reduce the volume of runoff, to provide groundwa-
ter recharge, and to reduce pollutants in stormwater runoff,
perennial concrete pavement can be used. Research shows that
current concrete pavement structures support up to 80% of the
annual rainfall to recharge groundwater.

5 COMPONENT OF DIFFRERNT CASE SYUDIES

Tab 1: Important points of Different case studies on Porous Concrete

237

recharge, pollutant dwindling, reduces river
peak flow, heat island reduction, noise reduc-
tion, and skid Reduction.

.[THE USE OH

PERVIOUS
CONCRETE IN|
RAINWATER
MANAGE-
MENT. [6]

1.PAVED surfaces have become very common
all over the world due to urbanization. The
rainwater that would earlier percolate into the
ground is now turned into runoff, which re-
quires proper storm water management to
ensure adequate ground water recharge.

2.The use of pervious concrete as pavement
material with little or almost no fine aggregate
and just enough cementations paste to bind
together the coarse

aggregate has been recognized as Best Manage-
ment Practice

(BMP) by the US Environment Protection Agen-
cy (EPA).

. [EXPERI-

MENTAL
STUDIES

PERVIOUS
CONCRETE. [7]

ON|

Indian Institute of Technology Kharagpur (IIT
Kharagpur) team has been developing the mate-
rial customised for

Indian conditions, which is still not used in
India. It could be tested commercially on PPP
basis in upcoming

residential complexes and multiplexes, parking
lots, parks, etc. This will not only reduce water
logging owing to impervious land cover, but
also reduce heat in the surrounding environ-
ment. Also, such places encounter less dust in
comparison to busy roads. Hence, it is hypothe-
sised that the wear and tear of pervious concrete
pavements will be comparatively less, thus
ensuring longer pavement life.

. /A REVIEW ON

VARIOUS
CASE  STUDY|
OF PERVIOUS
CONCRETE
USING
DUSTRIAL
WASTE. [3]

INA

1.Instead of preventing water entry into the soil,
sidewalks help with the process by putting
rainwater into a network of gaps that allow it to
penetrate the lower soil. In many cases, separat-
ed concrete pavement and parking can double
water retention structures and reduce or elimi-
nate the need for traditional rainwater manage-
ment systems such as ponds, water retention
and sewer.

2. IS CODES For Pervious Concrete.

Sr.| Title of paper Important data from the paper

no

1. THE USE OFl.Moreover as the urban areas expand, the
PERMEABLE |vegetation cover is being replaced by infrastruc-
ICONCRETE  [ture hence the water gets very less opportunity
FOR GROUNDIto infiltrate itself into the soil.
WATER RE-2.As urbanization increases in India and many
CHARGE. [5] |parts of the world the problem of water logging

and requirement of drainage is also increased.
2. FEASIBILITY  [LIt can still have application in vehicle parking

OF PERVIOUS
ICONCRETE
IPAVEMENT.

areas, pathways, driveways, sidewalks, alleys,
and low volume roads.
2.It also serves environment-friendly benefits

[4]

such as stormwater reduction, groundwater

. ICONSTRUC-

TION OF PER
VIOUS  CONH
CRETE PAVE]
MENT
STRETCH,
IAHMEDABA,
INDIA. [8]

1.Rapidly growing and uncontrolled changes in
the natural landscape because of human inter-
vention has created a serious problem of rainwa-
ter drainage in many Indian cities. With natural
disasters like floods increasing every year, there
is a need to set up specific water disposal sys-
tems in urban and semi-urban areas. This prob-
lem is increasing day by day due to lack of
modern drainage infrastructure in most of the
cities of India.

2.During rains, road water remains stagnant for
hours at a time causing erosion of the road and
decrease in lifespan of the road.

.|A STUDY ON

*Environmental Benefits of Porous Concrete:-

http://www.ijser.org

WATER  AB-l. Helpful in reduce the surface runoff.
SORBING 2. Tt is eco-friendly as well as, it keeps roads
IROAD BY[surface cool and clean.
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IPERVIOUS 3. Effective utilization of waste material. [3]
I(CONCRETE. [9]B. It will be helpful in protecting trees. CEMENT| AG- W/C | C/A AD- AUTHOR
4. Rainfall water allows infiltrating ground kg/m? GRE- |Ratio | Ratio | MIX-
water, aquifer recharge and increases the level of GATE TURES
'water table. kg/m3
8. [CASE STUDIESPavements form an impervious layer against the 316 1435 022 | 1:45 - [Construction and Building
ON THE CON-natural ground and are known to cause two Materials 111 (2016) 15-21
STRUCTION  |major changes in the urban environment. The 210-421 | 1565- | 025-11:74& - [onstruction and Building
OF PERVIOUSimpervious layer increases the stormwater 1672 | 035 | 39 Materials 101 (2015) 317-325
CONCRETE runoff and reduces the groundwater recharge, 266.97 154193 | 039 | 1:57 ViSC(?S'ity Civ. Eng. 2007.19:561-568.
IPAVEMENTS  |(which leads to increased flash flood occurrences. modifier . —
IN INDIA. [10] [Further, pavements store heat within the surface p148-3526 14166- | 035 |1:45&) SBR& Const@chon and Building
layer due to lower thermal conductivity and 14869 42 Latex - Materials 24 (2010) 818-823.
y y
latent heat capacity, and transfer back to the polymer
. ) . . . 400 1916 034 | 1:47 - Procedia - Social and
atmosphere during evening time, increasing the Behavioral Scien
. ehavioral Sciences
local temperature with reference to rural areas. 104 (2013 198 - 207
[This phenomenon is termed as urban heat island
(UHI) effect, which is known to cause thermal 356 1540 | 035 | 1:43 | AEA, [Cem Concrete Res, 37 (2007)
discomfort to dwellers and also increases the HRWR, pp. 735-742.
consumption of electricity for cooling purposes. VMA
9. EFFECTIVE 1.Transportation plays an important role in 450-700 [2000-2500| 0.27- | 1:4to AEA, Journal of ASTM Interna-
STRENGTH OFdevelopment and growth of living standard of 04 45 | HRWR Honal, Vol. 5, No.
IPOROUS the human society. P Paper ID JAI101434.
PAVEMENT  [2.Porous concrete contains almost 20-30% or up 355 1513 1:42 |HydrationACI Materials
AT GLOBALto 30% of the voids. The voids present in the stabilizer fournal/ Novemb.er-
ICITY. [11] concrete will allow the water to penetrate Pecember 2009 Title no.
through it. Penetration of water through voids 106-MS8
will lead to increase in the level of ground water 345 1425-0.27 | 1:4.1 |HRWR Journal . of ASTM
table and also the storm water gets filtered 1525 & International, Vol. 5,
through it so that the amount of the contamina- 4.4 No.
tion is less. P Paper ID JAI101434.
10.[The Effect offl.Stormwater is a leading source of pollutants | [270 -~ 415| 1190 - | 027~ |1:4-45 HydrationEB302.02, Portland Cement
Pervious Con-that when transported to surface waters may 1480 | 034 stabilizer {ssociation
crete on Waterldamage aquatic habitat, decrease reservoir 300 17837- | 033 |1:59& - [Construction and Building
Quality capacity, and contaminate drinking water. 2053.3 6.8 Materials 169 (2018) 252-260.
Parameters. [12]2.In order to evaluate whether a pervious con- 651-349 | 1621- | 035 |1:24& | Alkali [Constructionand
crete detention system can remove stormwater 1688 48 | activator Building Materials 109 (2016
pollutants from the runoff, water quality was B4-40
monitored at a site with both impervious asphalt 269-448 |565-740 | 024 |1:2.9 & Superplas-Construction and
and pervious concrete. 16 ticizers Building Materials 48
11. Compressive  |[Pervious concrete was first used in the 1800s in 2013) 585._591
strength offEurope as pavement surfacing and load bearing 320 1175 | 030 | 1:36 - [Constructionand
. - . . Building Materials 96 (2015
pervious  con+walls. Cost efficiency was the main motive due 89205
erete. [1] fo @ decreased amount of cement. It became 3395 | 14598 | 032 | 1:42 | -  [Giv. Eng. 200719561568,
popular again in the 1920s for two storey homes
in Scotland and England. It became increasingly .
viable in Europe after WWII due to the scarcity * Refered CODES For Pervious Concrete
of cement. It did not become as popular in the 1. IS: 9399:1979, Specification for apparatus for flexural testing
US until the 1970s. In India it became popular in of concrete.
2000. 2. 1S5:516:1959, Method of test for strength of concrete
12. Experiment onEXPERIMENTAL MATERIALS AND MIX 3. IS:8112:1989, Specification for 43 grade ordinary Portland
Mechanical PROPORTION.(2.) 4. 1S:12269:1987, Specification for 53 grade ordinary Portland
Prop.erties OfFLEXUR AL STRENGTH TEST. (3.) 5. 1S:456 -2000, for durability of concrefce
Pervious ConA 6. 1S:10262:2009, for water cement ratio
crete. [2] DENSITY AND VOID CONTENT.(4.) 7. 1S0:17785-1:2016, Testing methods for pervious concrete.
WATER PERMEABILITY TEST.(5.). 8. IS 38'3 (1970), ‘Code of practice for the Specification for coarse
and fine aggregate from natural source for concrete’, Bureau
of Indian Standards, New Delhi.
Table 2: Mix Proportion of Different Mixture of Pervious Concrete.
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9.  IS: 456 (2000), ‘Code of practice for Plain and Reinforcement
concrete’, Bureau of Indian Standards, New Delhi.

IS: 1199 (1959), ‘Code of practice for Methods of sampling
and Analysis of concrete’, Bureau of Indian Standards, New
Dehi.

IS: 2386 (part 1), (part 2), (part 3) (2002), ‘Methods of test for
aggregate for concrete’, Bureau of Indian Standards, New
Delhi.

IS: 10262 (2009). “Concrete Mix Proportioning Guidelines”,
Bureau of Indian Standards, New Delhi.

10.

11.

12.

6 RESULTS AND ANALYSIS

6.1 Compressive Strength:

C/A | W/C | CA(mm) | curing | compressive
ratio | ratio period strength
(days) (N/mm?2)
1:4 0.32 6.3-4.75 28 8.14
Table I: Compressive strength of pervious concrete 06
4.75mmCA
C/A | W/C| CA(mm) | curing | compressive
ratio | ratio period strength
(days) (N/mm?2)
1:4 0.32 12.5-10 28 9.68
Table II: Compressive strength of pervious concrete of
10mm CA
C/A | W/C | CA(mm) | curing | compressive
ratio | ratio period strength
(days) (N/mm?2)
14 032 | 125-11.2 28 5.83
Table III: Compressive strength of pervious concrete of
11.2mm CA
12 -
E 10 4 9.68
z 8.14
Eo 8
w E 6 | 5.83 28 days
E -E, compressive
0 e 4 strength of
& plain porous
g 2 - concrete
o
0 T T 1
475 10 112
SIZE OF AGGREGATE (mm)

Fig 1: compressive strength of pervious Concrete of 3 set of
aggregate sizes

239
6.2 Flexural Strength:
Cement - | Water- Sizeof | Curing | Flexural
aggregate | cement | aggregate| period strength
ratio ratio (mm) (days) | (N/mm2)
14 0.32 4.75 28 3.23
Table IV: Shows flexural strength of 4.75 mm plain pervious
concrete
Cement - | Water- Size Of | Curing | Flexural
Aggregate| Cement |Aggregate| Period | Strength
Ratio Ratio (mm) (Days) | (N/mm?2)
1:4 0.32 10 28 2.78
Table V: Shows flexural strength of 10 mm plain pervious
concrete
Cement - | Water- Size Of Curing | Flexural
Aggregate| Cement |Aggregate| Period | Strength
Ratio Ratio (mm) (Days) | (N/mm?2)
14 0.32 11.2 28 2.53
Table VI: Shows flexural strength of 11.2 mm plain pervious
concrete
35 323
T 2.78
h -
H 3 253
2 _ 25 -
x N I
FE 2
w e 15 28 days flexural
<> strength of
E=s 1 - .
) plain porous
§ 057 concrete
=
L 0 T T 1
475 10 112
SIZE OF AGGREGATE (mm)

Fig 2: Flexural strength of pervious Concrete of 3 set of ag-

gregate sizes

6.3 Permeability:
Size Of Curing Permeability Flow
Aggregate Period (m/s) Rate(m?/s)
(mm) (Days)
4.75 0.000896 0.00000827
10 28 0.00203 0.00001723
11.2 0.000942 0.0000086

Table VII: Permeability of plain pervious concrete
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Fig 4: permeability flow rate of aggregate

6.4 Density & Void Ratio:

Size Of | Initial | Total | Com- |Density| Dry | Void
Aggre- | Weight| Weight| pacted |(Kg/m*)| Density | Ratio
gate of (Kg) | Weight (Kg/m) | (%)

(mm) | mould (Kg)
(Kg)
475 1.5 | 3.4849 | 1.9849 | 1984.9 | 1651.61 | 57.42
10 1.5 | 3.4472 | 1.9472 | 1947.2 | 1622.67 | 61.35
11.2 1.5 | 3.3863 | 1.8863 | 1886.3 | 1571.92 | 65.40

Table VIII: shows 28 days” density and void ratio

0.0025 -~ 2500
- 0.00203 z
% 0.002 - g 2000
E 0.0015 - E ;,5‘ 1500 | m 28 days density
5 &
5 . 0010._ 00896 10.000942  m 28 days 8 E test on aggregate
< - permeability of & & 1000 -
Z 0.0005 - aggregate E m 28 days dry
o < 500 - density of
w
0 - Q aggregates
475 10 112 0 -
SIZE OF AGGREGATE (mm) 475 10 112
SIZE OF AGGREGATE (mm)
Fig 3: permeability of aggregate Fig 5: shows 28 days density test
66 - 65.4
0.00002 . 0.000017
£ 23 __64 -
w Lo, | 61.35
< 0.000015 - o
; E 60 -
3 < 0.000008 || 0.000008 € o (5742 = 28 days void
Z & 000001 |27 6 m28days = ratio of
E :rﬁ" ];c)'ermeabili’]rcy S 26 - aggregate
= ow rate o .
g 0.000005 - t >4
S aggregate TES KN A
E 475 10 11.2
a 0 - SIZE OF AGGREGATE (mm)
475 10 11.2
SIZE OF AGGREGATE (mm) Fig 6: shows 28 days’ void content

6.5 Summary Of Results:

The compressive strength of plain pervious concrete for 10mm
size is more than 4.75mm and 11.2mm. This shows that the
compressive strength depends on size of aggregate. when we
observe for flexural strength in the investigation above, for
4.75mm of aggregate it is higher than 10 mm and 11.2 mm.

The flexural strength is increased for 4.75 mm due to its bond-
ing between cement and aggregates. As it is a low grade ag-
gregate, the binding nature will be high when compared to
other. In permeability test, it is observed that the permeable
nature will be high in 10 mm than 4.75 and 11.2mm aggre-
gates. For 10 mm & 11.2 aggregate, in the observed study the
voids between the aggregates are higher than 4.75mm which
is bonded packly. When coming to density and void ratio,
density for 4.75 mm aggregate is higher than 10mm and 11.2
mm aggregates. Density for 4.75mm>10mm>11.2mm aggre-
gate which symbolizes the bonding strength of 4.75mm is high
when compared to other but also have comparative low void
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ratios between the aggregates. The void ratios of 11.2mm and
10mm aggregates show higher values than 4.75mm. As void
ratio is high then the permeable nature will be high due to
more void content. However, after comparaing values of the
compressive strength, flexural strength, permeability, density
and void ratio of plain pervious concrete are satisfying the
standards.

7 CONCLUSION

We carried out research on the Design of eco-friendly pervious
concrete in sidewalks, parking lanes, compound walls, well
lining, etc. From the test results, we have taken the mix design
with a cement aggregate ratio of 1:4 which has given the re-
quired strength to the member. This mix design gives us the
required strength of M20 grade concrete and this mix design
has the required void ratio for the water seepage. We studied
the effect of different aggregate sizes (4.75mm, 10mm &
11.2mm) on hardened properties of porous concrete like com-
pressive strength, flexural strength, permeability, Density &
Void Ratio, and the results showed that compressive strength
reduces with an increase in aggregates size and as density of
aggregate increase, void ratio decreases. It claimed that 10mm
aggregate size led to nominal porous concrete strength, flex-
ure, permeability, density, and void ratio, resulting in the in-
crease of the interface strength between the aggregate and
cement paste.
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