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Abstract

Concrete is a composite material made from cement, water, fine aggregate and coarse aggregate. But present researchers are in interest of
finding new cementing materials by waste materials or waste products produced from industries. Metakaolin is a cementitious material used
as an admixture to produce high strength and is used for maintaining the consistency of concrete. The usage of plastics is increasing day by
day although steps were taken to reduce its consumption. This creates substantial garbage every day which is much unhealthy. The cement is
partially replaced by metakaolin (2.5%, 5%, 7.5% and 10% by weight) to improve the strength, durability and reduces the porosity of
concrete. Also, it is the best way of environmentally friendly disposal of plastic. The properties of materials (Physical & Chemical) were
studied meanwhile the strength characteristics (M20) such as compressive strength, split tensile strength and flexural strength test results were

found by casting cubes, cylinders, prisms and beams.
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1. Introduction

Concrete is one of the most extensively used man-made construction
material in the world. The Raw materials needed for the manufacture
of Portland cement are available in most part of the world. The use
of alternative binders of cement and coarse aggregate replacement
materials has become a necessity for the construction industry
because of the economic, environmental and technological benefits
derived from their use. Use of Metakaolin in Construction industry
as partial replacement of cement has been started in the 1960’s. The
interest in this material has considerably increased in recent years.
Leaving the plastic wastes into environment directly results lot of
pollution and the damage of natural climatic conditions. In this paper
the  cements are partially replaced by  metakaolin
(0%,2.5%,5%,7.5%and 10% by weight) and coarse aggregate is
partially replaced by Shredded plastic waste (0.5% by weight) to
improve the strength and durability of concrete and also finding out
the safe and environmentally friendly disposal of plastics.

2. Objectives

To study the effects of metakaolin on resulting properties of
concrete.

Also, to study the effects of shredded plastic waste on resulting
properties of concrete.

Finding out the safe and environmentally friendly disposal of plastic
wastes.

This experimental study focuses the usage of metakaolin and plastic
wastes on strength development in concrete.

3. Experimental Programme

3.1. Materials:
3.1.1. Cement:

In this experimental investigation Ordinary Portland Cement (OPC)
of 53 Grade was used.

3.1.2. Metakaolin:

Metakaolin is derived from naturally occurring mineral and is
manufactured specially for cementing application.

3.1.3. Fine aggregate:

Locally available river sand free from impurities was used. This size
of it is less than 4. 75mm.The specific gravity and finess modulus of
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fine aggregate were found to be 2.53 and 3.29 respectively. The
percentage of passing within the limits as per 1S 383-1970.

3.1.4. Coarse aggregate:

The coarse aggregate used is 20mm in size, crushed, angular in
shape and free from dust. The specific gravity and finess modulus of
coarse aggregate were found to be 2.81 and 4.50 respectively. The
percentage of passing within the limits as per IS 383-1970.

3.1.5. Shredded Plastic Waste:

Plastic collected from the disposal area were sorted to get the
superior one. These were crushed and removed the foreign matters
then heated at particular temperature and crushed down as
aggregates. Specific gravity and crushing value 0.95 and 2.5%
respectively.

3.1.6. Water:

Potable water free from injurious salt was used for mixing and
curing.

3.1.7. Super plasticizer:
To impart the additional desired properties, a superplasticizer

(CONPLAST SP-430) was used. Dosage of plasticizer was added
2.5% by weight of cement. (8.80 Lit/mq)

4. Grade of Concrete

The mix proportion of this investigation was 1:2.27:3.28 as per and
M20 grade of concrete was adopted.

Table 1: Mix design for M20 grade

cylinders, prisms and beams. The specimens were removed from the
mould after 24 hours and the specimens were cured within the water for 7,
14, 28, 56 and 90 days. (Beams -28Days Curing)

6. Testing

Concrete specimens were taken out of curing chamber and cubes
were tested for compressive strength using compression testing
machine, cylinders were tested for split tensile strength using
compression testing machine, prism were tested for flexural strength
using UTM and beams were tested for flexural strength using
loading frame.

6.1. Compressive Strength Testing Procedure:

Fig.1: Compressive Strength Test
Table 2: Test Result for Compressive Strength

Mix ID 7 days 14 days 28 days 56 days 90 days
NMC 19.73Mpa | 22.55Mpa | 30.10Mpa | 35.62Mpa | 40.10Mpa
MP1 20.91Mpa | 24.02Mpa | 32.08Mpa | 38.04Mpa | 42.70Mpa
MP2 21.50Mpa | 24.67Mpa | 32.96Mpa | 39.00Mpa | 43.94Mpa
MP3 22.60Mpa | 25.84Mpa | 34.49Mpa | 40.44Mpa | 45.95Mpa
MP4 21.34Mpa | 24.40Mpa | 32.57Mpa | 38.54Mpa | 43.38Mpa

Materials Cement Fine Coarse Water
aggregate aggregate
Weight in kg 352 800 1155 158.40
per m® volume
of concrete
Proportion 1 2.27 3.28 0.45

5. Preparation of Specimen

The strength characteristic of concrete with varying percentage of
Metakaolin+0.5% of shredded plastic waste were studied by casting cubes,

Note: NMC - Nominal Mix Concrete, MP1 — Metakaolin (2.5% by
Weight of cement) Plastic Waste (0.5% by Weight of coarse
aggregate), MP2 — Metakaolin (5.0% by Weight of cement) Plastic
Waste (0.5% by Weight of coarse aggregate), MP3 — Metakaolin
(7.5% by Weight of cement) Plastic Waste (0.5% by Weight of
coarse aggregate), MP4 — Metakaolin (10.0% by Weight of cement)
Plastic Waste (0.5% by Weight of coarse aggregate)

COMPRESSIVE STRENGTH N/mm2

7 14 28

CURING IN DAYS

NMC
MP1
MP2
MP3

MP4

56 90

Fig.2: Comparison of Compressive Strength Test Results
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6.2. Split Tensile Strength Testing Procedure:

Fig.3: Spilt Tensile Strength Test

Table 3: Test Result for Split Tensile Strength Note: NMC - Nominal Mix Concrete, MP1 — Metakaolin (2.5% by

Mix 7 days 14 days 28 days 56 days 90 days Weight of cement) Plastic Waste (0.5% by Weight of coarse

ID aggregate), MP2 — Metakaolin (5.0% by Weight of cement) Plastic

"\\lﬂ'\gf i'gzgmpz ;'gigmpz g'gégmpz g'iggmpz g'gggmpz Waste (0.5% by Weight of coarse aggregate), MP3 — Metakaolin
: D : D : D : D - D (7.5% by Weight of cement) Plastic Waste (0.5% by Weight of

MP2 | 1.570Mpa | 2.060Mpa | 3.410Mpa | 3.510Mpa | 3.640Mpa h .
MP3 | 1590Mpa | 2.080Mpa | 3.460Mpa | 3.560Mpa | 3.690Mpa | CO&rse aggregate), MP4 — Metakaolin (10.0% by Weight of cement)

MP4 | 1.560Mpa | 2.040Mpa | 3.400Mpa | 3.500Mpa | 3.630Mpa Plastic Waste (0.5% by Weight of coarse aggregate)
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Fig.4: Comparison of Split Tensile Strength Test Results
6.3. Flexural Strength Testing Procedure MP3 | 3.120Mpa | 4.140Mpa | 6.890Mpa | 7.080Mpa | 7.410Mpa

MP4 | 2.990Mpa | 3.970Mpa | 6.610Mpa | 6.790Mpa | 7.120Mpa

Table 4: Test Result for Flexural Strength
I\I/II'DX 7 days 14 days 28 days 56 days 90 days

NMC | 2.850Mpa | 3.780Mpa | 6.290Mpa | 6.470Mpa | 6.770Mpa

MPL | 2.980Mpa | 3.950Mpa | 6.580Mpa | 6.770Mpa | 7.080Mpa

MP2 3.010Mpa | 4.090Mpa | 6.650Mpa | 6.840Mpa | 7.160Mpa
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Note: NMC - Nominal Mix Concrete, MP1 — Metakaolin (2.5% by
Weight of cement) Plastic Waste (0.5% by Weight of coarse
aggregate), MP2 — Metakaolin (5.0% by Weight of cement) Plastic
Waste (0.5% by Weight of coarse aggregate), MP3 — Metakaolin
(7.5% by Weight of cement) Plastic Waste (0.5% by Weight of
coarse aggregate), MP4 — Metakaolin (10.0% by Weight of cement)
Plastic Waste (0.5% by Weight of coarse aggregate)

7.41

14

FLEXURAL STRENGTH N/mm?2

7 14 28

CURING IN DAYS

B NMC
B MP1
B MP2
H MP3
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56 90

Fig.6: Comparison of Flexural Strength Test Results (Bending stress Vs curing in days)

7. Details of RC Flexural Beam

Based on the obtained results, Mix ID MP3 (Metakaolin 7.5% With
0.5% of Shredded Plastic Waste) was considered as the optimum
replacement percentage of metakaolin for improving the strength of
concrete with the addition of 0.5% of shredded plastic waste. For
this mix proportion, RC flexural beams were cast with the dimension
150 x 200 x 1500mm. Reinforcement details provided in the flexural
beam are mentioned in figure 2. The beams were tested under two-
point loading at L/3 distance from both the supports.
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Fig.7: Reinforcement details of RC flexural beam
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Fig.9: Experimental test setup

8. Results and Discussion

8.1. Normal Flexural Beam Deflection:

Table 5: Test Result for Strength and deflection of normal flexure beam

DEFLETION AT
LOAD
SLNO. | MIXID kN Lamm | Lzmm | 2L3
1 NMC1 28 8.10 11.89 5.35
2 NMC2 28 5.40 10.58 5.20
3 NMC3 30 6.89 8.12 6.50
30
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=
=
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Fig.8; Preparation of Reinforced concrete beams . 0 . “ . . 0 2 10
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Fig.10:NMC1--Beam Deflection
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Fig.11: NMC2--Beam Deflection
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Fig.12: NMC3--Beam Deflection Fig.14: MP3(2) --Beam Deflection
8.2. Control Flexure Beam Deflection: =
30
Table 6: Test Result for Strength and deflection of control flexure beam.
DEFLETION AT 25
ULTIMATE
SL.NO. MIX ID LOAD kN L/3 L/2 2L/3 z
mm mm mm =
(=] LEFTL/3
1 MP3(1) 34 5.90 7.16 4.20 2 s P
2 MP3(2) 34 4.20 7.50 4.12 = A
8 MP3(3) 32 5.80 9.15 5.61 o
5
40
a5 o
] 2 4 (3 8 10
0 DEFLECTION IN mm
z Fig.15: MP3(3) --Beam Deflection
g ¥ s Table 7: Ultimate load and Mid span deflection
=] AT MID SPAN th
- RIGHT L/3 28 days
" ) MIX ID Average Ultimate load Average Mid span deflection
(kN) (mm)
5 NMC 28.66 10.197
. MP3 33.33 7.936
] 2 4 & 8
DEFLECTION IN mm
Fig.13: MP3(1) --Beam Deflection
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Fig.16: Average Ultimate Load (Abstract)
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Fig.17: Mid Span Deflection (Abstract)

9. Results and Discussion

The admixtures like metakaolin and 0.5% shredded plastic waste
where used at optimum quantity tends to increase the strength of the
concrete mix when compared with conventional concrete as follows.
After 7 Days curing

2.5% of metakaolin + 0.5% of shredded plastic waste increases the
Compressive Strength, Split Tensile Strength and Flexural strength
of concrete by 6.07%, 2.74% and 4.56% respectively.

5% of metakaolin + 0.5% of shredded plastic waste increases the
Compressive Strength, Split Tensile and Flexural strength of
concrete by 7.20%, 4.79% and 5.61% respectively.

7.5% of metakaolin + 0.5% of shredded plastic waste increases
the Compressive Strength, Split Tensile Strength and Flexural
strength of concrete by 13.27%, 7.53% and 9.47% respectively.
10% of metakaolin + 0.5% of shredded plastic waste increases the
Compressive Strength, Split Tensile Strength and Flexural strength
of concrete by 6.33%, 4.11% and 4.91% respectively.

After 14 Days curing

2.5% of metakaolin + 0.5% of shredded plastic waste increases the
Compressive Strength, Split Tensile Strength and Flexural strength
of concrete by 5.98%, 3.12% and 4.50% respectively.

5% of metakaolin + 0.5% of shredded plastic waste increases the
Compressive Strength, Split Tensile and Flexural strength of
concrete by 9.38%, 8.33% and 8.20% respectively.

7.5% of metakaolin + 0.5% of shredded plastic waste increases
the Compressive Strength, Split Tensile Strength and Flexural
strength of concrete by 14.54%, 8.85% and 9.52% respectively.
10% of metakaolin + 0.5% of shredded plastic waste increases the
Compressive Strength, Split Tensile Strength and Flexural strength
of concrete by 8.16%, 4.17% and 5.03% respectively.

After 28 Days curing

2.5% of metakaolin + 0.5% of shredded plastic waste increases the
Compressive Strength, Split Tensile Strength and Flexural strength
of concrete by 4.28%, 4.73% and 4.61% respectively.

5% of metakaolin + 0.5% of shredded plastic waste increases the
Compressive Strength, Split Tensile and Flexural strength of
concrete by 13.29%, 5.99% and 5.72% respectively.

7.5% of metakaolin + 0.5% of shredded plastic waste increases
the Compressive Strength, Split Tensile Strength and Flexural
strength of concrete by 17.71%, 8.83% and 9.54% respectively.
10% of metakaolin + 0.5% of shredded plastic waste increases the
Compressive Strength, Split Tensile Strength and Flexural strength
of concrete by 11.36%, 5.36% and 5.09% respectively.

After 56 Days curing

2.5% of metakaolin + 0.5% of shredded plastic waste increases the
Compressive Strength, Split Tensile Strength and Flexural strength
of concrete by 1.31%, 2.37% and 4.64% respectively.

5% of metakaolin + 0.5% of shredded plastic waste increases the
Compressive Strength, Split Tensile and Flexural strength of
concrete by 5.75%, 3.56% and 5.72% respectively.

7.5% of metakaolin + 0.5% of shredded plastic waste increases
the Compressive Strength, Split Tensile Strength and Flexural
strength of concrete by 11.16%, 5.64% and 9.43% respectively.
10% of metakaolin + 0.5% of shredded plastic waste increases the
Compressive Strength, Split Tensile Strength and Flexural strength
of concrete by 5.04%, 2.67% and 4.95% respectively.

After 90 Days curing

2.5% of metakaolin + 0.5% of shredded plastic waste increases the
Compressive Strength, Split Tensile Strength and Flexural strength
of concrete by 3.22%, 2.31% and 4.58% respectively.

5% of metakaolin + 0.5% of shredded plastic waste increases the
Compressive Strength, Split Tensile and Flexural strength of
concrete by 7.00%, 4.91% and 5.76% respectively.

7.5% of metakaolin + 0.5% of shredded plastic waste increases
the Compressive Strength, Split Tensile Strength and Flexural
strength of concrete by 13.23%, 7.23% and 9.45% respectively.
10% of metakaolin + 0.5% of shredded plastic waste increases the
Compressive Strength, Split Tensile Strength and Flexural strength
of concrete by 4.88%, 3.47% and 5.17% respectively.

After 28 Days curing — Beam

7.5% of metakaolin + 0.5% of shredded plastic waste decreases
the Mid span deflection of the beam by 28.49%.

7.5% of metakaolin + 0.5% of shredded plastic waste increases
the Ultimate strength of the beam by 16.29%

Table 8: Strength and Deflection

Description Compressive Strength Split Tensile Strength Flexural Strength (MPa) Mid Span Ultimate Load
(MPa) (MPa) Deflection (kN)
(mm)
7 14t 28t 7 14t 2gth 7 14t 2gth 28" day 28" day
day day day day day day day day day
NMC 18.46 19.73 28.00 1.46 1.92 3.17 2.85 3.78 6.29 10.197 28.66
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MP3 20.91 22.60 32.96 1.57 2.09 3.45 3.12 4.14 6.89 7.936 33.33
% of Increase | 13.27 14.54 17.71 7.53 8.85 8.83 9.47 9.52 9.54 - 16.29
% of - - 5 - - - - - - 28.49 =
Decrease

10. Conclusion

After the abovementioned observation the current study concluded
that
o  7.5% of metakaolin and 0.5% of shredded plastic waste
shows an optimal percentage of replacement which
provides high strength in compression, tensile and flexural
properties in 7, 14 and 28 days.
e The best combination of 7.5% of metakaolin + 0.5% of
shredded plastic waste increases the Ultimate strength of
the beam by 16.29%
e The best combination of 7.5% of metakaolin + 0.5% of
shredded plastic waste decreases the mid span deflection
of the beam by 28.49%
e This study provides an effective disposal measure against
solid waste and protects the environment.
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