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Abstract— Concrete is very weak in tension, has low ductility
and very little resistance capacity to cracking. Fibres in a
cementitious composite play a key role in reducing these
issues. As a result, adding fibres to concrete enhances and
strengthens its resilience, and these issues may be solved by
using polypropylene-fibre. Replacement of cement and sand
are the present issue in the current construction scenario,
because of higher cost and environment pollutants.
Polypropylene fibres are industrial by-product produced from
manufacturing of plastics. Use of this plastic waste fibre does
not just lower the cost of construction but also helps to reduce
the impact on environment by consuming the material
generally considered as waste product. Then, Initially the
material tests such as time for the first and last settings,
consistency, fineness modulus, compressive strength,
specific gravity test for cement, sieve analysis, specific
gravity, water absorption, silt content, bulk density, void
ratio, test for coarse and fine aggregate are conducted and
then, the compatibility of the Polypropylene fibre with the
conventional material is tested using basic material testing.
On the basis of properties & availability of polypropylene
fibre (from various sources like plastic waste) in Bhopal
region as well as in other places of India, a feasible way to
use this waste product is evaluated without affecting strength
characteristics of concrete. This dissertation represents the
results of an experimental Analysis to investigate the impact
on which Cement is partially replaced.
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I. INTRODUCTION

Concrete is the second most widely used manmade
construction material which is very largely utilized material,
after the water. Concrete is the mixture of cement, sand,
aggregate and water. The concrete’s production is increasing
day by day as the demand for infrastructure and industrial
development increases now a days. On average, every year
tons of concrete are consumed by every person on this planet
for individual purposes. In order to make a durable, rigid,
strong concrete mix, it is very necessary to understand the
characteristics and behavior of the ingredients.

Drastically growth in construction activities results
in exhaustion of the sources available to produce concrete and
the only way to overcome this situation is to search for the
alternatives. In Madhya Pradesh the Narmada river is affected
the most due to mining. Generally natural river sand has the
ability to replenish by itself, but excessive mining results in
river degradation. Illegal sand mining is rapid growth in
construction sector. By using waste products such as

Polypropylene fibre stone dust, rice husk, slag sand,
sugarcane bagasse ash, Mersey silt etc. the demand of sand or
cement can be minimized up to certain extent.

Cement is the oldest familiar building material
which has occupied an essential place in constructional
works. OPC “Ordinary Portland cement” is the key indicator
of concrete material also function of cement is first binding
the sand and coarse aggregates and second to fill the voids to
form a compact mass. The consumption of cement
contaminates the environment & nature. The manufacturing
of OPC needs huge amounts of fuel for burning also because
the decomposition of limestone, on the result the harmful or
dangerous emissions of Carbon di oxide. Cement plants have
been emitting billion tons of CO2 into the troposphere per
year. Portland cement is the extremely energy intensive
material obtained which is only after steel and aluminium. As
per earth system science data global CO2 emission from
cement production in 2018 is “1.50 + 0.12 Gt CO2” and
Collective releases from “1928 to 2018” were “38.3+2.4 Gt
CO2”, from which 71 % have occurred since 1990.The
burning method of manufacturing cement at high temperature
of about 1450°C also turns high cost as far as the fossil fuel
usage are concerned. Few surveys also suggest concrete
industry is biggest consumer of naturally available resources
like water, fine & coarse aggregate etc. Therefore, as far as
the production is concerned sustainable development should
always kept in mind and considerable enhancement are
important in performance, energy efficiency, productivity,
product performance, and environmental performances.

Nowadays due to industrialization and
constructional activities the generation of waste is increased
a lot, much of these wastes has been land filled and without
seeing its possibility of reuse or recycle. Plastics
(polypropylene fibre) GGBS “Ground granulated blast
furnace slag”, Fly ash, ceramic waste powder, etc. are
examples of some waste materials whose properties
resembles to that of cement. By studies it is detected that these
materials have the potential to be used as partial substitution
of cement. Self-compacting concrete’s (SSC) Compressive
strength when polypropylene fibre, fly ash and silica fume
used as partial substitution of cement is analyzed
Polypropylene fibre may be utilized as best possible
alternative ingredient in place of cement (Amr S. El-Dieb et
al. 2018). The main goal this research work is to study the
effect of fractional replacing of cement with polypropylene
Fibre in concrete simultaneously and find the optimum level
up to which we can replace the conventional building
material. PFRC has been introduced to reduce this problem.
This concrete is an inorganic polymer concrete that can be
produced at room temperature. It does not look like OPC but
similar to OPC. It can be used in applications to partially
replace OPC for environmental and technical benefits.
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[l. OBJECTIVE OF THE STUDY

—  The objective of the present study is to Replaced/Added
Cement in various percentage such as 0.5, 1.0, 1.5, 2.0
percentage at different aspect ratio (I/d) such as 100, 200,
300.

— To determine the mechanical properties of PFRC
concrete, which were investigated by Compressive
strength, Split and Flexural strength test.

— To ascertain the availability of (PF) polypropylene fiber
in India.

— To ascertain properties of Polypropylene fibre.

— To analyze the saving in cost when Polypropylene fibre
is used.

[11. CONCRETE MAKING MATERIALS

A. Materials

In this study materials like Polypropylene fibre, Ordinary
Portland Cement, and natural-aggregates were used in the
preparation of concrete. Detailed properties of individual
materials were studied and written below.

B. Cement

In this work ULTRATECH cement of PPC 53 grade was used
for all concrete mixes. Portland cement is an enormously
pulverized material having cohesive attributes and adhesive
attributes, which supplies means of a binding medium to
discrete materials of concrete. The cement was of uniform in
colour i.e., grey with a light greenish shade and was free from
any hard lumps. The various tests conducted on cement are
initial and final setting time, specific gravity, fineness and
compressive strength etc. Testing of cement was done as per
IS: 12269- 1987.Various tests results conducted on the
cement are reported in Table 1.

S/No. Particulars Test Result
1. Specific gravity 3.15
2. Fineness(sieve analysis) 2.13%
3. Normal consistency 31%
4, Compressive strength(28 days) | 50N/mm?
5. Compressive strength(7 days) 32N/mm?
6. Final setting time 385 minutes
7. Initial setting time 70 minutes

Table 1: physical properties of cement

C. Coarse Aggregates

Locally available coarse aggregates in this research work,
aggregate of size 20 mm is used and bought from the nearby
shop. Testing on coarse aggregates was done as per IS: 383—
1970. They were then washed to remove dust and dirt and
were dried to surface dry condition. The results of various
tests conducted on coarse aggregate are given in Table 2.

S/No. | Properties of material | Coarse aggregates
1. Type Crushed
2. Shape Angular
3. Size 20mm & 10mm
4, Specific gravity 2.62
5. Fineness modulus 7.1
6. Bulk density(kg/m®) 1426
7. Impact value 15.60
8. Crushing value 14.58

Table 2: Physical properties of coarse aggregates

D. Fine Aggregates

Fine aggregates are another important component of
concrete, as they aid in the proper bonding of aggregate and
cement. Sand has a sieve capacity of less than 4.75mm.

Fine aggregate is characterized by 1S:383-1963 as
material that passes the 4.75mm IS sieve and is retained on
the 0.07mm IS sieve. River sand that is readily available in
the area and was collected from the Narmada River, with a
smaller particle size of about 0.07mm was utilized as a fine

aggregate.
Physical properties of fine aggregates are listed in Table 3.
S.No. Properties Test Value
1. Type Natural
2. Shape Rounded
3. Size >4.75 |
4. Silt content 1.85%
5. Specific gravity 2.62
6. Bulk Density 1570
7. Free moisture content 1.0%

Table 3: Physical properties of fine aggregates

I%. POLYPROPYLENE FIBRE

A polypropylene fiber provides the primary reinforcement in
a concrete pavement because of relatively high elastic
modulus and compressive strength values. Polypropylene
fibers are utilized day by day to decrease plastic waste and
improve toughness. The chemical composition of
polypropylene fibre is shown in table 4.

Fig. 1: Polypropylene fibre

S.No. Properties of Material Test Value
1. Length(mm) 4,8,12
2. Diameter(mm) 0.04
3. Tensile strength (Mpa) 26-41.4
4. Elongation(%) 15-700
5. Abrasion resistance Good
6. Water absorption-24 h(%) 0.01-0.02
7. Elastic modulus(GPa) 0.95-1.77
8. Melting point(°C) 165
9. Chemical resistance Generally excellent
10. Relative density 0.91

Table 4: Chemical composition of Polypropylene fibre
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% . EXPERIMENTAL PROCEDURE

According to Indian code IS 10262-2009, mix design was
prepared, and mixture was placed in a cube moulds and
vibrated until the grout was visible on the concrete surface
after manual and mechanical mixing. The concrete samples
were removed from the mould after 24 h and placed in a
curingtank to cure for 7, 14 & 28 days. The experimental
work is done to determine the compressive strength, flexural
strength & split tensile strength of concrete using
Polypropyelene fibre as replacement of cement. The study is
focused on M30 grade concrete mix design, modified with
various percentages of polypropylene fibre 0.5%, 1.0%, 1.5%
and 2.0% by weight of cement

Grade of PFRC M 30
CEMENT 492.5 kg/m3
Fine 517
aggregates kg/ms3
Aggregates Coarse
aggregates | 115497 | 1641.27kg/m3
20 mm
aggregates kg/ms3
ggreg 674.56
10mm
aggregates kg/mg
449.70
kg/m3
Ratio of mix proportion 1:1.05:2.28
Water/cement ratio 0.40
Polypropylene fibre 0.5%,1.0%,1.5%,2.0%
percentage
Polypropylgne fibre aspect 100,200,300
ratio (I/d)

Table 5: Polypropylene-Fibre Reinforced Concrete as a
Result of ‘M 30’ Mix Design (PFRC)

A. Curing:

The aim of curing is to keep the concrete saturated, or as close
to saturated as possible, in order to obtain the products of
cement hydration in a water-filled setting .The concrete’s
strength is influenced to some degree by the strength of
aggregate in all forms of curing. Compression strengths of
7days, 14days, & 28 days were examined. The specimens
were used to determine the strengths.

O ——— %

Fig. 2: 14 Curing of Cubes

B. Compressive strength test of PFRC:

Compressive strength test is performed by using UTM having
capacity of 2000KN.The compressive strength of concrete of
cubes 150X150X150 mm size were used for the test. The
compressive strength of cubes is calculated as per 1IS: 456-
2000. At first the compressive strength of conventional
concrete of M30 grade was calculated by taking average
value of three cubes. This is kept as reference. Then

compressive strength values of concrete made by replacing
the cement with 0.5%, 1.0%, 1.5% and 2.0% of PFRC were

found.

Fig. 3: PFRC Cubes have been tested on Universal Testing
Machine

C. Flexural strength test of concrete:

This test investigation is based on ASTM C31/C31M or
ASTM C192/C192M specification. The standard size of
specimen is 150mmx150mmx700mm and alternatively if the
size of aggregate is less than 19mm than specimen size of
100mmx100mmx500mm can be adopted. The tamping bar
weighing 2 Kg, 40cm long and having ramming face of
25mm2 is used. The process of making the specimen is same
as above for compressive strength test. After cleaning the test
specimen, it is placed in machine in a manner that load is
applied centrally. The loading is then applied for 10 cm
specimens at a frequency of 180 Kg/min. Load is raised until
the specimen fails and note the reading. This test is essential
in pavement slabs and airfield runaway because the flexure
load in those cases is at critical levels.

Fig. 4: Flexure strength test of concrete

D. Split tensile test of concrete:

Split tensile test is performed as per IS: 5816--1999. The mix
of desired grade are prepared similar to the compressive and
flexural strength tests. The cylindrical specimen having
dimensions 150mm diameter, 300mm height is used
conforming IS: 10086--1982 is used. Before placing it in the
machine the specimen is wiped and cleaned. Two bearing
strips of nominal 3.175mm size thick, 25mm wide and
slightly longer than the specimen made of plywood is used.
The specimen is then fixed in the machine between the plates
utilizing bearing strips. Then the loading is applied at the
current pace of 689 to 1380 kPa / minute. The loading is
continued until the specimen fails and do not resist further
load. The maximum load that the specimen can bear as fails
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is noted and if any improper failure took place than shall be
described.

Fig. 5: Split tensile test of concrete

% 1. RESULTS AND DISCUSSION

A. Compression strength test:

In one batch total 36 cubes have been casted of Polypropylene
fibre of different percentage (0.5%, 1.0%, 1.5%, 2.0%) with
varying aspect ratio (100,200,300). 9 cubes were also casted
concrete made of ordinary cement. All the cubes were cured
at different curing intervals 7, 14, and 28 days. In present
study of Polypropylene concrete’s Average Compressive
strength is increased up to 1.5% of PP fibre at 200 aspect
ratio(I/d) and cubes are considered with three samples of
required percentage. The results of various mixes as shown in
table 6.

Comparative Compressive Strength Of PFRC WITH PCC
Davs Variation of PP | Average strength in | Average strength in | Average strength in | Average strength
Y fibre (%) MPa 100 PFRC MPa 200 PFRC MPa 300 PFRC in MPa PCC
0.50% 24.59 29.36 25.62
7 1.00% 27.7 29.03 28.88
Days 1.50% 29.03 314 30.36 20.58
2.00% 23.7 25.18 24.88
0.5% 33.18 37.92 34.07
14 1.00% 35.7 39.11 36.59
Days 1.50% 37.33 41.03 38.36 25.03
2.00% 31.99 36.58 33.77
0.50% 36.72 40.88 38.81
28 1.00% 38.07 43.4 41.62 32.29
Days 1.50% 40.14 46.07 43.55
2.00% 35.25 40.59 37.03
Table.6.Comparative Compressive strength of PFRC with PCC with different mix proportions
. 50 "
2 s w— § ) .
&£ 351 - - - mPCC £ o3
%‘ 30 1 100 PFRC %5
g 200FFRC £ 2
v =]
z W04 300 PFRC £15
g 5 - - E 1
= sl =
§ 10 0.5
o S g—— — — n ]
oo 0 02 04 06 08 1 1.2
_‘f 0% 0.50% 100% 150% 2,00% %o of polypropylene fiber
. %Variation of PERC ﬁ Fig. 7: Split tensile strength for 28 days
Split
Fig. 6: Comparative Compressive strength of PFRC with %Of Load at | Average tensile
PCC (28 Days) Polypropylene Nso failure | loadin | strength
B. Split tensile strength: fibre used In KN’ KN’ N/'” )
when Polypropylene Fibre add by 0.2%,0.4%,0.8%,1% and mm
. d : . 1 260
1.2% polypropylene Fibre following a 28-day curing period 0.20¢ > 262 261 3.60
of Concrete. This test is completed according to the 7 3 61 '
guidelines provided by IS 5816: 1999. From the below test
result of polypropylene fibre after 0.8% gives low result in . 1 266
tensile strength so up to 0.8% it is permissible to add. This 0.4% 2 275 269 3.80
can be seen by Graph. 3 266
1 271
0.8% 2 274 277 3.90
3 285
1% 1 192 194 2.75
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2 196
3 194
Table 7: Concrete's ‘Tensile Split-Strength’

C. Result of Flexural strength test:

when polypropylene fibre add by 0.2%,0.4%,0.8%,1% and
1.2% polypropylene Fibre following a 28-day period of
curing of Concrete. Therefore, the indirect methods such as
split tensile & flexure tests are performed to get the desired
result. As per IS 456: 2000 clause 6.2.2 the estimation of
tensile strength can be made based on the compressive
strength i.e.

ft =0.7 \/fck
Where,
f; = tensile strength and
fo = cube’s characteristic-compressive-strength

So, fi=30
= 3.84 N/mmz2
%0f s Load at | Average | Flexural
Polypropylene Nc; failure load in strength
fibre used " | in'KN' 'N' N/mm?
1 151
0.2% 2 153 154 6.16
3 158
1 163
0.4% 2 164 164 6.56
3 164
1 192
0.8% 2 193 190 7.6
3 185
1% 1 141
2 144 145 5.8
3 150
Table 8: flexural strength test
8
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Fig. 8: Comparative Compressive strength of PFRC with
PCC (28 Days)

Discussion: =

From: above we can say Polypropylene-fibre reinforced-
concrete has flexural-strength properties increase as the
percentage of polypropylene fibre increase up to 0.8%
increasing strength and therefore at 1% shows decreasing-
strength.

D. Cost Analysis

Due to insufficient knowledge about its properties, we are not
using it to its full potential. Since it produced from plastic,
polythene etc. so it can help in savings Environmental issues

and
analysis of cost
conventional material versus

reduction of plastic. In this section a comparative
is shown when concrete prepared
Polypropylene fibre. The

current rates of concrete making materials are provided in

table 9.
S. . Quantity
N Particulars Rates/kg (kg/m3) COST(INR)
1. Cement 6.2 488.5 3028.7
2 Sand 0.56 517 289.5
3 Coarse 045 | 112427 506
aggregate
4, Polyp_r opylene 100 4 400
fibre
TOTAL 4224.2

Table 9;: PFRC Material Cost

%1l. CONCLUSIONS

The experimental research was carried on the concrete made
with replacing cement with various amount of PFRC and
following conclusions were drawn from the study.

1)

2)

3)

4)

5)

6)

1)

2)

3)

4)

In this experimental study it has been found that PFRC's
compressive power increases gradually up to 1.5% and
shows optimum result of 1.5% at 200 aspect ratio and
after 1.5% compressive strength decreases.

Notable compression strength improvement almost 43%
of PFRC is reported higher than the plain cement
concrete.

This experiment shows that approximately 18% increase
in cost of PFRC also increased 43% in compressive
strength.

It can also reduce the environmental pollution by plastic
waste consumption which is the main hazard of country.
According to the current demands of the building
industry, new forms of concrete have been developed to
address the problems associated with cement concrete. In
this case, PFRC would be a suitable replacement for
meeting the current construction industry requirement.
‘Split-tensile strength' test and flexural strength test show
us that tensile strength will increase by 11% when
Polypropylene fibre used up to 0.8%.

%'|1l. FUTURE SCOPE:

This research uses only M 30 grade concrete for
experimentation. So, further work can be done on other
grades of concrete.

The chemical resistance of concrete after hardening is
not determined in this research. So, before using it in
construction further tests shall be conducted.

This concrete should be further tested if it is to be used
in extreme environmental conditions.

The properties of Polypropylene fibre may vary since,
this research work is based on one type of Polypropylene
fibre.
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