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Abstract —Pervious paver concrete is a special type of
concrete with high porosity used forconcrete flat work
applications that allow water from precipitation and
other sourcesto pass directly through, thereby reducing
runoff from a site and allowing ground water recharge.
This porosity is attained by a highly interconnected void
content. Typically pervious concrete has no or very less
amount of fine aggregate and had just enough cementing
paste to coat coarse aggregate particles while
preserving the interconnectivity of the voids. It is a
special type of concrete characterized by an
interconnected pore structure and high void content /
porosity typically in the range of 15 to 35% by volume.
The use of pervious concrete may reduce flooding risk,
reduce storm-water runoff, reduce noise when in contact
with vehicle tires, and prevent glare and skidding during
rainy season by allowing water to infiltrate freely
through its pores, thus recharge the ground water. A
pervious concrete was designed by taking different
proportions of fibers like Glass and Polypropylene. A
small attempt is made to design the nominal porous
paver concrete considering the local road conditions.
Compressive Strength test, Void Ratio test, flexural
strength, Split tensile strength, permeability test and
Infiltration test were carried for the designed Mix
proportions.

Keywords-Pervious Paver Concrete,
Glass fiber, Polypropylene fiber.
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l. INTRODUCTION

Pervious concrete which is also known as no fines,

porous, gap graded and permeable concrete and enhance
porosity concrete has been found to be a reliable storm
water management tool. By definition, pervious concrete
is a mixture of gravel or granite stone, cement, water,
little to no sand (fine aggregate). When pervious
concrete is used for paving, the open cell structures
allow storm water to filter through the pavement and into
the underlying soils. In other words, pervious concrete
helps in protecting the surface of the pavement and its
environment.

Pervious concrete has the same basic constituents as
conventional concrete that is 15% - 30% of its volume
consists of interconnected void network, which allows
water to pass through the concrete. High range water
reducer and thickening agent are introduced in the
concrete to improve its strength and workability. It can
allow the passage of 0.014-0.023 m3 of water per minute
through its open cells for each square foot 0.0929 m2 of
surface area which is far greater than most rain
occurrences. Pervious concrete is rough textured and has
a honey-combed surface. Carefully prepared pervious
concrete with controlled amount of water and
cementations materials creates a paste. The paste then
forms a thick coating around aggregate particles
maintains a system of interconnected voids which allow
water and air to pass through. The lack of sand in
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pervious concrete results in a very harsh mix that
negatively affects mixing, delivery and placement. Also,
due to high void content pervious concrete is light in
weight (about 1600 to 1900 kg/m3). Pervious concrete
void structure provides pollutant captures which also add
significant structural strength as well. It also results in
very high permeable concrete that drains quickly.

Pervious concrete can be used in a wide range of

applications, although its primary use in pavements

which are in: residual roads, alleys and driveways, low
volume pavements, low watercrossings, sidewalks and
pathways, parking areas, tennis courts, slope
stabilization, sub-base for conventional concrete
pavements, etc.because of its attractive storm water
mitigation capabilities, and also in other applications.

Pervious concrete pavements have become popular as an

effective storm water management tool to reduce the

volume of storm water runoff and concentration of
pollutants. Apart from this, pervious concrete may be
used as a wall concrete in structural applications for light
weight or better thermal insulation, surface course for
parking lots, tennis courts, zoo areas, stalls etc. and for
greenhouse floors to keep the floor free of standing
water.Pervious concrete has been increasingly used due
to several sustainability-related benefits offered by this
material. Pervious concrete includes other environmental
benefits such as reduced noise.

1.1 Goals and Objectives

»  Determination of mechanical properties of pervious
concrete.

«  Determination of flexural strength.

«  Determination of Split tensile strength of pervious
concrete

e Permeability (if fabrication of equipment is
completed in time) The above results are compared
with control concrete.

»  The properties such as compressive strength, split
tensile strength, flexural strength and permeability
are assessed by performing tests.

*  To provide more than just a “starting point” to begin
mixture proportioning. The level of mixture
proportioning depends upon application needs. The
resulting mixture proportions can be used with
success or iterated for better performance using
local conditions and experiences.

2. METHODOLOGY

2.1 Materials Used and Tests
Cement(PPC) of 53 grade procured from single source
confirming to 1S:1489-1991 was used.Coarse aggregate
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(nominal size 12.5 mm for pervious concrete using Glass
fiber and 6mm-10mm, 10mm-20mm, 6-10-20mm size
aggregate were used for pervious concrete using
Polypropylene fiber), small amount of fine aggregate
were used in pervious concrete using Glass fiber only
and no fines were used in pervious concrete using
Polypropylene fiber.Water of pH 7 was used at room
temperature. The fibers wused were Glass and
Polypropylene fiber.The testing was done as per Indian
Standards.

Table 1- Physical properties of cement

Sr.No. Properties Test
results
1 Specific Gravity 3.154
2 Normal Consistency 31%
3 Initial setting time 34min.
4 Final setting time 435min.
5 Soundness 5.5mm

Table 2- Physical properties of coarse aggregate

Sr. Properties Basalt
No. Adggregate
1. Shape of aggregate Cubical and
angular

2. Speific Gravity 2.97

3. Unit weight (Kg/m3) 1591

4. Free surface moisture Nil

5. Water absorption 1.19%

Table 3-Physical properties of fine aggregate

Sr.No. Properties Fine aggregate
1. Specific Gravity 2.6
2. Fineness Modulus 2.67
3. Water Absorption 1.21%
4. Silt Contain 5.7%

Table 4- Physical Properties of glass fiber:

Properties Glass fiber
Tensile strength 1200-1700 Mpa
Compression strength 1080 Mpa
Specific gravity 2.7 gm/cm”3
Shape Irregular pieces
Nature Does not absorb water
Source Industries

Table 5- Physical properties of Polypropylene fiber

Properties

Polypropylene fiber

Specific gravity

0.90-0.91 gm/cm?
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2.2 MIX PROPORTIONS of pervious concrete using
Glass fiber
The aim of proportioning mixture is establishment of

excellent balance between paste content, porosity,
workability and strength. For producing initial trial
batches, ACI1522-R10 is used.

3 types of mixes were used to find the properties of
pervious concrete:

Table 6- Mix proportion for various mixes for Pervious
concrete using Glass fiber

MIX PROPORTION
(cement: fine aggregate:
coarse aggregate
0% fine aggregate(F0) 1:0:3
10% fine aggregate(F10) 1:0.3:2.7
20% fine aggregate(F20) 1:0.6:2.4

Where,

FO = mix with 0% fine aggregate

F10 = mix with 10% fine aggregate

F20 = mix with 20% fine aggregate

Each mix consists of glass fiber with 1.5% replacement
of cement by volume.

2.3 MIX PROPORTIONS of pervious concrete using
Polypropylene fiber:

For adequate workability, void ratio strength and
Permeability, pervious concrete mixture the proportion
take as : cement content was 375 kg/m3, aggregate
content was 1500kg/m3, aggregate ratio 1:4, aggregate
sizes 6mm- 10mm-20mm, W/C ratio 0.30,0.35,0.40,
polypropylene fiber was 2.54 gm/mould size (150 X 150
X 150 mm3).

Table 7-Mix proportion for various mixes for Pervious
concrete using Polypropylene fiber

Mix | Aggregate | W/C | Cement | Aggregate PFconte
name sizes ratio | content | content nt
Mix1 | 10-20mm | 0.3 |375kg/m3| 1500kg/m3|2.54 gm
Mix2 | 10-20mm | 0.35 |375kg/m3| 1500kg/m3|2.54 gm
Mix3 | 10-20mm | 0.4 |375kg/m3|1500kg/m3|2.54 gm
Mix4 | 6-10mm 0.3 [375kg/m3 1500kg/m3|2.54 gm
Mix5 | 6-10mm | 0.35 |375kg/m3| 1500kg/m?3 2.54 gm
Mix6 | 6-10mm 0.4 |375kg/m?| 1500kg/m3 2.54 gm
Mix7 6-10- 0.3 |375kg/m3| 1500kg/m?3 2.54 gm

20mmare

equal %
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Mix 6-10- 0.35 | 375kg/m3 | 1500kg/m3 | 2.54

8 20mmare gm
equal %

Mix 6-10- 0.4 375kg/m3 | 1500kg/m3 | 2.54

9 20mmare gm
equal %

2.4 Experimental work

The strength development for different percentages of
fine aggregate is studied. The entire tests were conducted
as per specifications required. For the purpose of testing
specimens, various pervious concrete specimens were
prepared for different mixes. After thorough mixing,
water was added and the mixing was continued until a
uniform mix was obtained. The concrete was then placed
in to the moulds, which were properly oiled. For cube
compression tests on concrete, cube of size150 X 150 X
150 mm3were employed. All the cubes were tested in
saturated condition after wiping out the surface moisture
from the specimen. Void content test was conducted in
accordance with ASTM C138. Permeability test covers
the determination of the field water infiltration rate of in
place pervious concrete. Infiltration rate of pervious
concrete cube specimens is determined in the laboratory
based on the modified version of ASTM C1701.Similar
to ASTM C1701 procedure, the test is based on the
measurement of the time required for the known volume
of water to flow through the specimen. Infiltration rate is
calculated based on the equation

| = 4V/D’nt

Where, V is the volume of the infiltrated water

D is the diameter of the specimen and

t is the time required for the designated volume of water
to infiltrate through PC

2.4.1 Experimental work for Pervious concrete using
Glass fiber

The strength related properties such as compressive
strength, flexural strength, split tensile strength are
studied. Three mix specimens were tested for each
test.For the present investigation, cubes were tested by
compression testing machine as per IS: 516 — 1959 at an
age of 7days, 14 days and 28 days.To determine the
flexural strength, beams of size
150mm*150mm*700mm are casted. For splitting tensile
strength test, cylinders of size 150mm diameter and
300mm height were casted.
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2.4.2 Experimental work for Pervious concrete using
Polypropylene fiber

The specimens cast were demoulded after 24 hours and

kept in normal curing

for 7 and 28 days. For

determining compressive strength the cubes were tested
at an age of 7 days and 28 days. Effect of w/c ratio and
density is also determined.The density was determined
by ratio of weight of cube to volume of cubes.

D = (weight of cube/volume of cube)

111- RESULTS AND DISCUSSION

3.1 Discussion Of Test And Results On Pervious
Concrete Using Glass Fiber

Table 8- Test results on compressive strength

S.No | Type of 7 14 days | 28 days
mix days(Mpa) | (Mpa) (Mpa)
1 FO 15.8 20.6 25.9
2 F10 17.6 22.3 27.2
3 F20 20.4 26.4 30.1
Table 9-Test results on flexural strength
S.No| Type of |7 Days 14 Days 28 days
mix | (Mpa) (Mpa) (Mpa)
1 FO 0.32 0.38 0.46
2 F10 0.35 0.43 0.52
3 F20 0.42 0.45 0.58
Tablel0Test results of void content
Sr.no.| Mix | W2 (gms) |W1(gms)| Void Average
content |void content
1 | FO 6300 3680 22.37
2 | FO 6450 3770 20.59 21.8
3 | FO 6530 3830 20.00
4 |F10| 6550 4160 18.02
5 |F10| 6740 4215 19.20 18.2
6 |F10| 6810 4320 17.5
7 |F20| 7120 5235 16.6
8 |F20| 7240 5320 15.94 15.6
9 |F20| 7310 5390 16.20

e-1SSN: 2456-3463

Table 11Test results on split tensile strength

S.No| Type of | 7 days 14 days 28 days
mix | (Mpa) (Mpa) (Mpa)
1 FO 1.45 1.73 1.94
2 F10 1.63 2.13 2.37
3 F20 1.84 231 2.64

Table 12Test results on permeability

S.No [Type of mix [Time in secs| Infiltration rate
(mm/sec)
1 FO 25.39 6.3
2 F10 33.33 4.8
3 F20 41.02 3.9
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Table 13The experimental result for pervious concrete
3 - < with polypropylene fiber at the age of 7 days
3 5 5o
2.5 @ o o a m7days Cement Aggregate W/C Compressive Void density
% gF* an > ml4days (kg/m3) ratio strength content|(kg/mg3)
g2 1 5 S - H28days (MPa) (%)
;CE»l . > 375  10-20mm | 0.30 9.10 32.38 |1710.23
& 375 10-20mm 035  9.25 28.73 1777.18
;1 ] 375 | 10-20mm | 0.4 9.96 25.27 1837.92
§0_5 ) 375 | 6-10mm 0.30 9.30 38.84 |1546.96
%_ 375 | 6-10mm | 0.35 10.43 33.31 |1662.81
0 |
@ FO ' F10 ' £20 ' ' 375 | 6-10mm 0.40 12.27 30.41 |1718.22
MIX 375 6-10- | 0.30 10.05 38.92 |1544.88
Graph 4 Flexural Strength and % of fine aggregate 20mm
375 6-10- | 0.35 12.32 35.10 |1618.37
7 - 20mm
u bil 375 6-10- | 0.40 12.84 30.75 |1703.11
6 - Permeability 20mm
-
§4.. Table 14The experimental result for pervious concrete
g 3 ‘ with polypropylene fiber at the age of 28 day
T I
|
[
& 2 - Cement/Aggregat | W/C |Compress| Void | Density [permea
1 (kg/m3 e rati o ive content | (kg/m3 |bility (
strength | (%) ) mm/s)
0 (MPa)
FO F10 F20 375 10-20mm0.30 9.78 | 30.82 | 1749.93  24.47
MIX
Graph 5 Permeabity and % of fine aggregate 375 10-20mm0.35 1094 | 27.49 1808.89 22.56
375 10-20mm0.40 10.97 | 24.10 1866.96 21.71
90 375 6-10mm 0.30 9.89 | 3154 173156 19.74

28
days
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375 | 6-10mm 0.35 1429 | 29.05 | 1769.19 18.61
375 | 6-10mm 0.40 16.14 = 26.43 | 1809.48  17.90
375 | 6-10- 0.30 10.57 = 36.58 | 1604.14 1 18.33
20mm
are equal
%
375 | 6-10- 0.35 12.69 | 32.90  1673.18 16.95
20mm
are equal
%
375 6-10- 0.40 15.42 | 29.55 | 1732.74 | 15.89
20mm
are equal
%

3.2.1effect Of W/C Ratio On Compressive Strength
Of Pervious Concrete (28 Days)

The compressive strength increases with increase in
water cement ratio as shown Graph7. By using 0.40 W/C
ratio and aggregate size used mix in grading, we got
maximum compressive strength (16.14 MPa) showing in
graph 7. The compressive strengths of pervious concrete
with polypropylene fiber mixes are given in table no.13

and table no.14
04

Graph 7 Effect of W/C ratio on compressive strength
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3.2.2 Effect Of W/C Ratio On Void Content Of
Pervious Concrete (28 Days)

The void ratio on pervious concrete with polypropylene
fiber discussed in graph 8. We can see void content of
pervious concrete reduces with increase in W/C ratio.
The void content is large size air void. Graph 8 signify
that the aggregate size gives more void ratio (36.58 %).
By grading of aggregate and compressive method the
void ratio of pervious concrete has been influenced.
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3.2.3 Effect Of W/C Ratio On Density Of Pervious
Concrete (28 Days)

Density of the pervious concrete with polypropylene
fiber was achieved in practical investigation ranges from
1600- 1900 kg/m3. The maximum density values of
pervious concrete with polypropylene fiber achieved that
is 0.40 W/C ratio shows graph 9. This investigation
shows density of pervious concrete increases with
increase in W/C ratio. Density of pervious concrete with
polypropylene fiber depends on W/C ratio.

nm A

030 035 040
50 -
o -
<m -

Graph 9W/C ratio on density

3.2.4 Effect Of W/C Ratio On Permeability For
Pervious Concrete (28 Days)

In Graph 10 the water permeability under 300 mm water
head has been summaries. The W/C ratio is increased
and water permeability decreased for the pervious
concrete shown in Graph 10. Higher values of water
permeability have been given by 20 mm to 10mm
aggregate size was observed. Water permeability found
in range of 15.89 mm/s to 24.47 mm/s. for structure
influence water permeability of pervious concrete that
also affected by grading and compaction. On adding
polypropylene fiber causes increase water permeability.
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1V- CONCLUSION

4.1 General conclusion in both pervious concrete
using Glass fiber and Polypropylene fiber are:

1. It was found that permeability is directly proportional
to void content as the void content increases
permeability also increases and vice-versa.

2. Void content and compressive strength are inversely
proportional.

3. Porous concrete has more voids than conventional
concrete thus it has less compressive strength.

4. Use of optimum water content the concrete will
reach its strength.

5. More the void ratio, more infiltration take place but
as well we have to consider optimum void ratio as it
affects the compressive strength.

6. Another conclusion is that compressive strength of
pervious concrete reduced by larger size of
aggregate. Better compressive strength given by
mixing of smaller and bigger size of aggregate
instead of single size of aggregate. Gape was
filledby smaller aggregate into the bigger aggregate
in pervious concrete and may cause the increase in
pervious strength.

7. Workability decreases with the addition of fine
aggregate. This is normal as the surface area of
aggregate is increased more area needs to get wet
for paste to coat around.

4.2 The following conclusions are made from the

study on properties of pervious concrete with the

replacement of cement by 1.5% of glass fiber and

addition of little amount of fine aggregate:

1. The void content is observed to be in the range of
15% to 22% with average void content.
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2.

>

1.

The void content of 10% fine aggregate is decreased
by 16.5% and 20% fine aggregate is decreased by
28.4% compared to 0% fine aggregate.

. The compressive strength of 10% fine aggregate is

increased by 7.3% and 20% fine aggregate is
increased by 14% compared to 0% fine aggregate
and ranges between 25Mpa to 32Mpa for 28 days of
curing.

The compressive strength of 20% fine aggregate
increased by 15% compared to conventional
concrete without glass fiber.

. The compressive strength of concrete with 0% glass

fiber is increased by 28%compared to 1.5% of glass
fiber.

. The Split tensile strength increased by 18% for 10%

fines and by 26% for 20% fines compared to 0%
fines and ranges between 1.9Mpa to 3Mpa for 28
days.

. The flexural strength increased by 13% for 10% fines

and by 21% for 20% fines compared to 0% fines
and ranges between 1.8Mpa to 2.6Mpa for 28 days.

. The permeability of 10% fine aggregate is decreased

by 29% for 10% fine aggregate and decreased by
38% for 20% fine aggregate compared to 0% fine
aggregate and ranges between 6.3mm/sec to 3.9
mm/sec.

4.3 Based on the experimental investigation on
pervious concrete usingPolypropylene fiber following
conclusions has been drawn:

With using 0.30 W/C ratio and mix (50%) aggregates
for pervious concrete gives better result. Mix void
content 36.58 % was found.

Increase in compressive strength of pervious
concrete leading by increased density that was
observed.

. Another conclusion is that compressive strength of

pervious concrete reduced by larger size of
aggregate. Better compressive strength given by
mixing of smaller and bigger size of aggregate
instead of single size of aggregate. Gape was filled
by smaller aggregate into the bigger aggregate in
pervious concrete and may cause the increase in
pervious strength.

Polypropylene  fiber increases strength  of
compressive strength and water permeability of
pervious concrete.
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