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ABSTRACT: Natural resources are increasingly exhausted at present due to rapid urbanization and
infrastructure developments. Most of the land areas in countries are occupied with highly dense structures
and impermeable concrete pavements. Less quantity of rainwater enters into the underground because of
the impermeability nature of concrete surfaces. Various approaches are being followed by engineers to
protect and retain the world’s natural ecosystem. One such approach is the application of pervious concrete,
which is a special type of concrete, consisting of high porosity and permeability. Pervious concrete is a
new construction material used to reduce storm water runoff and to recharge the groundwater level.
Pervious concrete is a composite material consisting of coarse aggregate bonded together with cement paste
with or without fine aggregate, admixtures and additives. It is used as paving material for the parking areas,
low volume pavements and sidewalks. Permeable concrete construction is gaining rapid popularity in most
of the places in the world because of its ability to reduce urban heat and noise mitigation. It has a capability
to solve the important environmental issues, hence it is considered as a suitable management practice for
the sustainable development. The pores in the pervious concrete influence many properties. Hence, the
detailed examination and necessary testing are to be carried out to understand the characteristics of the
pervious concrete at macro and micro level by changing the content of ingredients. The main objective of
this research work is to evaluate the properties and performance of the pervious concrete experimentally
and theoretically by varying aggregate size, and addition of fly ash Test on the pervious concrete was
conducted at fresh and hardened state. Slump was observed at fresh state, mechanical properties were
examined in this research work at hardened state. The properties of the pervious concrete were tested by
aggregate sizes such as 4.75 mm-9.5 mm (S1), 9.5 mm-12.5 mm (S2) and 12.5 mm-16 mm (S3). In that
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optimum mix, fly ash were added with cement from 5% to 20% at 5% interval. The addition of fly ash with
smaller size aggregate mix showed better mechanical properties.

INTRODUCTION: The rapid urbanization and infrastructure developments cause densely constructed
buildings and air proof concrete pavements in several parts of the country. The natural resources are
increasingly consumed at present to build these structures. Many parts of the countries are facing problems
of depletion in groundwater table drastically due to lack of percolation of rainwater into the subsoil and
unplanned water withdrawal for agricultural and industrial purposes. The impermeable concrete
construction restricts the penetration rainwater into underground that influences increased surface runoff,
excess flooding and overburdening in existing drainage system. Throughout the world, various strategies
are being followed by engineers to protect the natural ecosystem from the above mentioned adverse
environmental impacts. One among them is the application of pervious concrete with interconnected pores
that allow air and water into the ground surface. Pervious concrete functions on the concept of “When it
Rains, it Drains”. The pervious concrete pavements become popular as an effective stormwater
management tool to reduce surface runoff and concentration of pollutants (Shu et al. 2011).

MIX DESIGN FOR M25 GRADE AS PER IS 10262:2009

Details of material:

Water / cement ratio - 0.40

Dry rodded density (unit weight) -1741.20 k/m"3
Specific gravity of coarse aggregate -2.75
Absorption -12%

Void content -20%

No fine aggregate
Step-1: Determine aggregate weight:
For 10 mm coarse aggregate with no fine aggregate, code recommends b/bo of 0.99 with dry rodded density
given as 1741.20 kg/m"3.

Wa = 1741.12*0.99*1

=1723.78 Kg

Step-2: Adjust to SSD weight:
Given that the percentage absorbance of 1.2%

Wssd = 1723.78*1.012

=1744.46 Kg

Step-3: Determine paste volume:

For 20% voids(well compacted curve), the percentage is 15% of a cubic meter is 0.15
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Thus Vp=0.15m3
Vp=[cement/(3.15*1000)] + [water /1000)]
=[C/(3.15*1000)] + [W /1000)]
Substituting water/cement ratio — w/cm.
Thus,
W = (w/cm)c,
Vp = [c/(3.15*1000)] + [(w/cm)c/1000]
= (c/1000)[3.15+(w/cm)]
Step-4 Determine Cement content:
C = [Vp/(0.315+w/cm)]1000kg/m3
C= [0.15/(0.315+0.40)]1000

C =314.68Kg
Step-5: Determine water content:
W = c(w/cm)
=314.68*0.4
W = 125.87Kg
Step-6: Determine solid volume:
Aggregate volume (Va) = 1744.46/(2.75*1000)
= 0.634m3
Cement volume (Vc) = 315(3.15*1000)
= 0.099m3
Water volume (Vw) = 125.87/1000
= 0.125m3
Total Solid volume (Vs) = Vat+tVc+Vw
= 0.634+0.099+0.125
= 0.858m3

Step-7: Determine percent voids:
Percent voids = (Vtotal — Vs)/Vtot*100
Percent voids = (1-0.858)*100
=14.2%

Step-8: Check estimated porosity:
At 14% voids, the perculation approx. 10 in/min
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Step-9: Iterative trail batching and testing:

The trail batch weights per cubic meter are as follows

Cement = 315kg

Water = 125.87kg
10mm aggregate = 1745 kg(SSD)
Total weight = 2185.87 kg
Density =  2185kg/m3

CASTING PROCEDURE:
Preparation of moulds:
The moulds for casting concrete cubes & cylinders are to be prepared carefully before casting. All moulds

should be fitted properly. Oiling is done on the surface of the moulds for easy removal of specimens.
Calculation of materials:

The required materials are calculated for casting. The materials should be dry and well graded.
Mixing of concrete:

The prepared materials are mixed well uniformly to cast the cubes.

Figurel: Mixing of concrete

Casting Cubes:

Place the concrete into the moulds with a trowel. The concreting should be done in layers of 5cm each. For
each layer proper compaction is required by tamping bar of 25 blows. After compacting top layer, the
moulds are vibrated on the vibrating table for better mixing and bonding.

Demoulding:

The specimens should be removed after proper setting of concrete. The specimens are remoulded and
processed for curing.

Casting of Cubes:

For each trail 3 cube specimens were casted for calculating 7 days and 28 days strengths. The dimensions
of specimen for cube are of 150mm x 150mm x 150mm.
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Casting of Cylinders:

For each trail 3cylinder specimens were casted for calculating 7 days and 28 days strengths. The
dimensions of the cylindrical specimen are of

Height = 300mm and Diameter = 150mm

Curing of Specimens:

The specimens are left in the moulds undisturbed at room temperature for about 24 hours after casting. The
specimens are then removed from the moulds and immediately transferred to the curing tank therefore cubes
are cured in fresh water. Curing is most important process in concreting. Concrete strength increases with
age of curing. The specimens should be kept in curing tank for better improvement in strength. Generally
curing is done by ponding curing tanks. The water used for concrete curing should be free from salinity,
scrap, vegetation and chemicals.

We need to change the water for every 7 days of curing. The specimens are tested for 7 days and 28 days

curing.

Figure 2: Curing of test specimens
FRESH PROPERTIES:

Fresh properties of concrete are observed at the time of concreting. To measure the fresh properties
of concrete workability tests are very important. If concrete is good in workability will shows better
properties in its life time. Before pouring concrete into the moulds we need to check the workability by
slump cone method.

Slump cone method:
Slump test is the most commonly used method for measuring consistency of concrete which is
employed either in laboratory or at site work. The apparatus for conducting the slump test essentially

consists of a metallic mould in the form of a cone having the internal dimensions as under:

Bottom diameter : 20cm
Top diameter 10m
Height : 30m

The thickness of the metallic sheet for the mould should not be thinner than 1.6mm. For

tamping the concrete, a steel tamping rod is 16mm diameter 0.6m along with bullet is used. The mould is
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placed on a smooth, horizontal, rigid and non-absorbent surface. The mould is then filled in four layers,
each approximately 1/4th of the height of the mould. Each layer is tamped 25 times by the tamping rod
taking care to distribute the strokes evenly over the cross section. By using the tamping rod or a trowel
strike of the excess concrete above the slump cone. The mould is removed from the concrete immediately
by raising it slowly and carefully in a vertical direction. This allows the concrete to subside. This subsidence
is referred as slump of concrete. The difference between actual height and formed cone height 31 will give
slump value. The difference in height is taken as slump of concrete. For the present work, slump tests were

conducted as per IS: 1199 -1959 for all mixes.

Figure 3: Slump cone arrangement

Figure 4: slumps testing
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RESULTS AND DISCUSSIONS

1)

Figure 5.1: compressive strength test
SLUMP CONE: The workability of pervious concrete can be assessed by using slump cone. It was
observed that slump values increased with rise of fly ash in cement. Using 4.75mm aggregate the slump
values was increased to 80 to 162 mm and using 10 mm aggregate the slump value was increased to 90 to
167 mm and also using 12.5mm aggregate the slump value was increased to 95 to 160 mm. the slump was
increased due to the ball bearing action of spherically shaped fly ash particles.

Slump cone results:

Slump
cone CFO CF5 CF 10 CF 15 CF 20 CF 25 CF 30
(mm)
4.75mm 80 100 120 136 145 150 162
10mm 90 107 114 125 130 145 167
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Fig5.3 Slump cone with 10mm retained aggregate
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Fig:5.4 Slump cone with 12.5mm retained aggregate
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Compressive strength:

The influence of fly ash replacement level on pervious concrete compressive strength as shown in
graph. The test is carried out on cubic specimen of size 150 x150 x150mm each specimen is tested for 7days
and 28 days. It is clear that the use of fly ash has a significant effect on compressive strength due to the
pozzolanic effect. Where increase in fly ash content to extent increases the compressive strength of different
mixes of pervious concrete 20% fly ash content gives the maximum compressive strength. For 7 days the
compressive strength was decreased from 6.87 MPa to 4.88 MPa for 4.75 mm aggregate and for 10mm
compressive strength was decreased from 6.79 MPa to 4.67 MPa and 12.5mm compressive strength was
decreased from 6.43 MPa to 4.55 MPa. For 28 days compressive strength was increased for 0% to 20% fly
ash in cement and decreased in 20% to 30% fly ash for 4.75 ,10 and 12.5 mm aggregate. For 4.75 mm
aggregate was increased from 17.99 MPa to 21.84 MPa and decreased from 21.84 MPa to 17.23 MPa. For
10 mm aggregate was increased from 16.13 MPa to 20.38 MPa and decreased from 20.38 MPa to 17.1
MPa. For 12.5 mm aggregate was increased from 14.64 MPa to 19.12 MPa and decreased from 19.12 MPa
to 15.62 MPa.

Table 1 Compressive strength results for 7 days:

Compressive Strength (MPa) at 7 days

Sieve Size/ Mix name

CFO CF5 CF10 | CF15 | CF20 | CF25 | CF30

4.75mm

6.87 6.5 5.9 5.6 5.3 5.01 4.88
10mm

6.79 6.42 5.8 5.4 5.03 484 4.67
12.5mm

6.43 5.93 5.75 5.12 4.93 4,71 4.55
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Table 2 Compressive strength results for 28 days:

Sieve Size/ Compressive Strength (MPa) at 28 days
Mix name CFO CF5 CF10 | CF15 | CF20 | CF25 | CF30
4.75mm 17.99 18.32 19.34 20.45 21.84 19.63 17.23
10mm 16.13 17.41 18.80 19.35 20.38 19.61 171
12.5mm 14.64 15.20 17.11 18.76 19.12 17.99 15.62

COMPRESSIVE STRENGTH

11111

CF 10 CF 15 C¥F 20
PERCENTAGE OF FLY ASH ADDED

7 DAYS m 28 DAYS

Fig:5.5 Compressive strength with 4.75mm retained aggregate

COMPRESSIVE STRENGTH

COMPRESSIVE STRENGTH

CF 10 CF 15 CF 20
PERCENTAGE OF FLY ASH ADDED

7 DAYS m 28 DAYS

Fig5.6 Compressive strength with 10mm retained aggregate
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Fig: 5.7 Compressive strength with 12.5mm retained aggregate
Split tensile strength:

The influence of fly ash levels on pervious concrete split tensile strength. The test is carried out on
cylindrical specimen of size 150 x 300 mm. Each specimen is tested for 7 days and 28 days. Due to the
pozzolanic effect of fly ash the split tensile strength increases the fly ash content increases to certain extent.
20 % fly ash content gives the maximum split tensile strength. For 7 days the split tensile strength was
decreased from 2.32 MPa to 1.98 MPa for 4.75 mm aggregate and for 10mm split tensile strength was
decreased from 2.26 MPa to 1.95 MPa and 12.5mm. split tensile strength was decreased from 2.14 MPa to
1.9 MPa. For 28 days split tensile strength was increased from 0% to 20% and decreased 20% to 30% for
4.75,10 and 12.5 mm aggregate. For 4.75 mm aggregate was increased from 3.09 MPa to 3.47 MPa and
decreased from 3.47 MPa to 3.12 MPa. For 10 mm aggregate was increased from 2.91 MPa to 3.39 MPa
and decreased from 3.39 MPa to 3.08 MPa. For 12.5 mm aggregate was increased from 2.84 MPa to 3.31
MPa and decreased from 3.31 MPa to 3.01 MPa.
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Split Tensile Strength results for 7 days:

Sieve Split tensile Strength (MPa) at 7 days
Size/ Mix
name CFO CF5 CF 10 CF 15 CF 20 CF 25 CF 30
4.75mm 2.32 2.3 2.26 2.22 2.18 2.04 1.98
10mm 2.26 2.21 2.17 2.15 2.1 2.01 1.95
12.5mm 2.14 2.12 2.09 2.05 1.99 1.96 1.9

Split Tensile Strength results for 28 days:

Split tensile strength (MPa) at 28 days
Sieve Size/
Mix name
CFO CF5 CF 10 CF 15 CF 20 CF 25 CF 30
4.75mm 3.09 3.14 3.23 3.35 3.47 3.26 3.12
10mm
291 3.06 3.17 3.31 3.39 3.18 3.08
12.5mm 2.84 2.98 3.12 3.27 3.31 3.11 3.01
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Fig:5.8 split tensile strength with 4.75mm retained aggregate
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Fig: 5.9 split tensile strength with 10mm retained aggregate
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Fig:5.10 split tensile strength with 12.5mm retained aggregate
CONCLUSION
STRENGTH PROPERTIES:
The experimental tests were conducted to determine the basic strength properties such as compressive and
split tensile using different mixes of pervious concrete. In this study, investigation was carried out on
pervious concrete containing three different sizes of aggregate excluding fine aggregate with and without
admixtures.
slump cone:
By the addition of fly ash with 0%,5%,10%,15%,20%,25%,30% for the aggregate then the slump is
increasing.it was observed that by the rise of fly ash by 30% the workability of pervious concrete has been
enhanced to 50%.in addition aggregate size also influenced the workability, the aggregate size is
proportional to the workability.
Compressive Strength:
Generally, the changing aggregate size from bigger size to smaller size shows improvement in strength
properties due to increase in paste thickness surrounding the aggregate. It was found that addition of fly ash
in pervious concrete increases the strength up to 20% for all three different aggregate mixes and then further
addition decreases the strength. Addition of 0%,5%,10%,15%,20%,25% and 30% of flyash in pervious
concrete revealed maximum strength due to improved bonding effect between the aggregate and cement
paste. The better compressive strength was obtained from the fly ash blended mix due to pozzolanic action
and micro filler effect results in dense structure.
Split Tensile Strength:
The split tensile strength increases along with the increase in compressive strength. The compressive
strength of pervious concrete is average of 6 times of the tensile strength for all pervious concrete mixes.
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The increase in split tensile strength was observed with the addition of 0%,5%,10%,15%,20%,25%,30% of
fly ash beyond that there is no further improvement in split tensile strength due to the presence of inactive
particles. The ultimate maximum split tensile strength was obtained by incorporating 20% of fly ash with
smaller size aggregate blended pervious concrete mix when compared with other mixes. The relation
between split tensile strength and compressive strength of pervious concrete shows good correlation for all

mixes.
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