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Abstract-The safe disposal of plastic is the most challepgssue for the solid waste management across the
globe. Concrete is one of the best choices of caectidtn material in many countries today. This hraseased
the fast vanishing of natural resources. It cowddaorth experimenting the use of plastic wastedncecete to
overcome the duel issues of shortage of raw matenthsafe disposal of plastic waste. This worksaimstudy
the possibility of disposing waste plastic as fggregate in concrete. In this study waste plasikcconcrete is
also reinforced with polypropylene fiber to get thdvantages of fiber reinforced concrete. For this,
experimental study was carried out with three diffé grade of concrete (M20, M25 & M30) to evaluate
mechanical and durability properties of waste pdastix concrete with and without the addition didr. Sand

is substituted with plastic waste at a dosage &b 1% volume which is the optimum percentage without
considerable reduction in strength. Results stiawvadding polypropylene fiber we can improvedhality of
waste plastic mix concrete. Thus it is inferredt theplacement of sand by plastic waste up to 15% e
adopted so that disposal of used plastic can be derwell as deficiency of natural aggregate camaeaged
effectively.

Index Terms-Normal concrete; Waste plastic; Fibre; Mechanical Burability properties.

1. INTRODUCTION ) ) )
other ingredients of concrete which are non

Due to rapid industrialisation and urbanisatiorthe  renewable. So search for new construction materials
country, a lots of infrastructure developments argnq a method to dispose plastic waste introducsa n
taking place. This process has in turn pose qUESiOconcept called waste plastic mix concrete (WPC).

to mankind to solve the problems generated by this  pagt investigation  suggest that partial

growth. The problem defined is acute shortage Ggplacement of aggregate of concrete with waste
construction material and increased dumping Of@"asblastic can improve properties such as abrasion
materials [2]. Hence in order to overcome the abovr%sistance, impact resistance, ductility, shock

said problems waste products should be employed g§sorption and thermal conductivity. It also shows
construction material. that addition of plastic to concrete causes some
The consumption of plastic has growngeqyction in  mechanical properties such as
substantially all over the world; it leads to ceeldrge compressive strength, split tensile strength, flaku
guantities of plastic based waste. Disposal of US%‘i‘rength etc. Literature reviews suggest that amdit
plastic is the major problem in the present erahas polypropylene fiber in normal concrete (NC)
usage of plastic is growing day by day and it takegnproves these mechanical properties. Taking the
hundreds of years for plastic materials to degréde. advantages of this, polypropylene fibre is added to
neither decays nor degenerates either in wateoibr s \wpc to make polypropylene fibre reinforced waste
It produces many toxic gases when burns. So Hlastic mix concrete (PFR-WPC). However, no
effective way to recycle and reuse of plastic i€ atempt has been made so far to evaluate the effect
formulated. Otherwise it will be very harmful torou gqgdition of polypropylene fiber to WPC.
sustainable environment. This paper reports the strength and durability
Concrete is the versatile material for civilparacteristics of waste plastic mix concrete witid
engineering construction. The major problem iRyithout the addition of polypropylene fiber for
construction industry is the unavailability Ofspecimens of strength 20 to 30 MPa. Tests were
construction materials. Sustainable concrete h%rformed for cube and cylinder compressive

received great attention in today's scenario ofcitya  girength, split tensile strength, flexural strengthater
of resources [4]. Various attempts have been made t

reduce the use of fine aggregate, course aggragdte
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absorption, sorptivity and resistance to marine and

acid attacks.
2. MATERIAL SPECIFICATION

2.1. Cement

Portland pozzolana cement conforming to IS: 1489 ‘

part 1 1991 was used in this study.

Table 1. Properties of cement

Properties Results
Standard consistency 30%
Specific gravity 3.1
Fineness 0.85%
Setting time Initial 120 minutes

Final 310 minutes
Compressive 3 day 29.4 MPa
strength 7 day 38 MPa

28 day 43 MPa

2.2. Fine aggregate

M sand passing through 4.75 mm IS sieve conforming

to grading zone Il of IS 383:1970 and having specif
gravity of 2.5 was used in this study.

Table 2. Properties of fine aggregate

Properties Results
Fineness modulus 3.83
Specific gravity 2.5
Water absorption 1.8%
Void ratio 0.455
Bulk density Loose 1636 Kgfin

Compact 1725 Kg/f

2.3. Coarse aggregate

Crushed aggregate available from local sources with

maximum size of 20 mm and conforming to IS

2386:1963 (part I, Il and Ill) was used as coarse

aggregate in this study.
Table 3. Properties of coarse aggregate

Properties Results
Fineness modulus 5.6
Specific gravity 2.8
Water absorption 5%
Void ratio 0.699
Bulk density Loose 1503 kg/m
Compact 1690 kg/

2.4. Plastic waste

ST

Fig. 1. Plastic waste aggregate
Table 4. Properties of plastic aggregate

Properties Results
Specific gravity 0.75
Fineness modulus 2.86
Zone Il
Water absorption Nil
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Fig. 2. Grain size distribution of fine aggregate a
fine plastic

2.5. Super plasticizer

Super plasticizer used in this study is CONPLAST SP
430 in the form of sulphonated naphthalene polymer
confirms to IS: 9103-1999 and ASTM 494 type F was
used to improve the workability of concrete.

2.6. Water
Water conforming to as per IS: 456- 2000 was used

Plastic aggregate is obtained by crushing the iplasfor mixing as well as curing of Concrete specimens.
waste. Maximum size of particle is 4.75mm and

conforming to grading zone II.
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2.7. Polypropylene fiber

Fig 3. shows the polypropylene fiber used in prese

study.

Fig. 3. Polypropylene fiber

3. EXPERIMENTAL METHODOLOGY

%1 Compressive strength of concrete cubes

The compressive strength was determined to find out
the behaviour of NC, WPC and PFRWPC elements in
compression. Preparation of specimens and testing
were done as per IS: 516-1959. The specimens of siz
150 x 150 x150 mm were cast with the required mix
proportions and were cured for 28 days for 28 day
compressive strength. Compression testing machine
of loading rate 11 kN/sec was used for the tese Th
loading was continued gradually and maximum load
applied on the specimen was noted. Figure 4 shows
the compressive strength of NC, WPC and PFRWPC.
Compressive strength was obtained by dividing the
maximum load by the area of cross section of the
specimen.

Compressive strength F/A MPa
Where, F = failure load in Newton
A = area of cross section of specimen inmm

3.1. Concrete mix design

Based on trial mixes for different proportions of
ingredients, the final design mix was prepared fc
M20, M25 and M30 grade of concrete as per I
10262:2009. The concrete mix proportion and w/i
ratio is given in the table5. The shredded plastiste

is added to concrete by 15% by volume which is th
optimum percentage without considerable reductio
in strength. The different specimens as per th

Compressive Strength

20

25

Grade of Concrete

30

mNC
WPC

= PFR-WPC

requirement of test were cast. The specimens were

tested after 28 days of curing. In each categoeyeth

Fig. 4. Comparison of compressive strength with

should be three specimens to be tested and average

value is reported in the form of graphs.

design strength

Table 5. Mix proportion

grade Mix proportion wi/c
M20 1:2.4:4.9 0.5
M25 1:2:3.7 0.48
M30 1:1.7:3.3 0.45

4. MECHANICAL PROPERTY TESTS

4.1.1.Discussion on compressive strength test results

The compressive strength of WPC was lowered by the
addition of plastic, the reduction being in thegart

to 7 %. This loss may be attributed to the poordoon
strength between plastic particles and concretd. Bu
this loss was compensated to a certain extent &y th
addition of polypropylene fibers to WPC whereby the
loss percent reduced to around 3 %.

4.2. Split tensile strength

The behaviour of NC, WPC and PFRWPC elements
in direct tension was determined by this test. 3plé&
tensile strength test was conducted on cylinders of
size 1500 x 300mm at the age of 28 days confirming

The mechanical properties such as cube and cylindgy |s: 5816-1970. The specimen was mounted on the
compressive strength, split tensile strength an@sting platform of the compression testing machine
flexural strength were investigated. Three specsneny,q packing strips of 3 mm thick metal were placed
were cast for each test and average value Wa$ top and bottom. Load was applied uniformly till

recorded.
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breaking and the load was recorded. Figure 5 shows 18 %. But this loss was compensated to a certai
the compressive strength of NC, WPC and PFRWPCextent by the addition of polypropylene fibers t¢*@/

.There will be an increase in flexural strengthusah
The split tensile strength was calculated as: 25 %.

Split tensile strength 2P/(zDL) i
Where, P = Load at failure :
D = Diameter of the cylinder §
L = Length of the cylinder £ 5
5
£ 4
) 7 ENC
33 T 3
P WEC
£ 3 E 2 N PFR-WPC
g 25 |
E : ENC b
E o 20 25 30
g 1) WEC
= Grade of Concrete
PR B PFR-WEC
Z g5 Fig. 6. Comparison of flexural strength with design
0 | strength
20 25 30
Gradeof C 5. DURABILITY PROPERTY TESTS
rade of Concrete

The durability properties such as water absorption,

Fig. 5. Comparison of split tensile strength with ~ SOTPtivity, and resistance to seawater attack adl a
design strength attack were investigated. Three specimens were cast

for each mix and the average value was used for the

4.2.1.Discussion on split tensile strength test results ‘32%\3"\/5'3' The durability test details are discussed

The split tensile strength of WPC was lowered by th

addition of plastic, the reduction being in thegariO 51, Water absorption

to 15 %. This loss may be attributed to the poardo ) .

strength between plastic particles and concrete. BN€ water absorption test was carried out followisg
this loss was compensated to a certain extent @y th237/:1959 on 100 mm cube specimens to determine
addition of polypropylene fibers to WPC .There willth® porosity —of ~specimens containing plastic

be an increase in split tensile strength around 5% 2dgregates. Figure 8 shows the results on NC, WPC
and PERWPC. The water absorption of all the mixes

4.3. Flexural strength was well t_)elow the permissible value of_ 10%. As the
compressive strength increased, the mixes showed a

The flexural strength was conducted on prismsz# si decreasing capacity for water absorption. The water

100 x 100 x 500 mm at the age of 28 days angbsorption of WPC was 50% of that of conventional

confirming to IS 516-1959 to find out the behaviouNC. The presence of plastic particles which do not

of beams and other flexural members when cast wiibsorb water could be responsible for this reJiile

NC, WPC and PFRWPC. The specimen was mounte®% higher absorption in PFRWPC over WPC may

on the universal testing machine and two pointe attributed to the polypropylene fibers entragpin
loading was applied hydraulically which wasair during mixing.

increased until failure. Figure 6 shows the flekura
strength of NC, WPC and PFRWPC. The flexural
strength of prisms was calculated as follows:
Flexural strength L/bcf
Where, P = Maximum load applied to the specimen
b = Measured width of the specimen
d = Measured depth of the specimen
L = Length of the span

4.3.1.Discussion on flexural strength test results

The flexural strength of WPC was lowered by the
addition of plastic, the reduction being in thegari0
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mNC
WpC
BPFR-WPC

Percentage of water absorption

25

30

Grade of Concrete

Fig 8. Comparison of water absorption with design
strength

5.2. Sorptivity

Sorptivity is a measure of the capillary force ésdr
by the pore structure causing fluids to be drawn in
the body of the material. It is calculated as thie 10f
capillary rise in a concrete prism placed in 2 tm&

Figure 9 shows that the sorptivity of WPC and
PFRWPC were higher than that of NC. This may be
due to the following reason. In the case of WPE, th
plastic particles finer than fine aggregate aanaso
fillers and fill most of the pores in the core pont of
concrete. However, it may be noted that the intéaifa
shear between the plastic particles and the resteof
matrix is less. This leads to a relatively porous
concrete in the outer shell of the specimen when
compared to the core portion. Since sorptivity
measures the capillary flow over a very small degfth
2 to 5mm which invariably lies in the outer shell,
plastic waste mix concrete shows higher values of
sorptivity in comparison to NC. The sorptivity vaki
of all the specimens were in the permissible rasfge
0.09 mm/mifi®and 0.17 mm/mih’> meant for normal
concrete.The sorptivity decreased with increasing
compressive strength.

5.3. Resistance to seawater and acidic solution

The effect of seawater and acidic solutions on the

durability of NC with plastic waste aggregates and

deep water. For one-dimensional flow, the relatioRClyPropylene fibre was investigated by testing 100

between absorption and sorptivity is given 'bysto'5
where, i is the cumulative water absorption per uni

mm cube specimens for loss in mass and reduction in
compressive strength. For determining the resistanc

to acid, the cubes were immersed in a 5% sulphuric

area of inflow surfaceSis the sorptivity and is the 4.ig (H:SOy) solution for 56-days.

elapsed time. The test was conducted in the ladagrat
on 100 mm diameter and 50 mm thick specimer
preconditioned to a certain moisture level by dgyim

an oven at 54C for 7 days. After cooling, the sides of
the concrete samples were sealed and the initi
weight was taken. The samples were then kept in
tray so that 2 to 5 mm depth was immersed in wager
shown in Figure. At selected intervals of 1, 2435,

9, 12, 16, 20 and 25 minutes; the sample was rethov
and was weighed after blotting off excess watee Tk
gain in mass per unit area over the density of wat
(gain in mass/unit area/density of water) versie tf
square root of time was plotted (not shown). Th
slope of the best fitting line was reported as th

mNC
WPC
B PFR-WPC

Percentage loss of Mass

25 30

Grade of Concrete

sorptivity.
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Fig 9. Comparison of sorptivity with design strdmgt

Fig 10. Comparison of percentage loss of mass with

design strength
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aNC 25 mNC
20 20 ~ ¥
WPC WEC
15 15 - = PFR-WPC
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Percentageloss of compressive strength
-
>

Percentageloss of compressive strength
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] ) _Fig. 13.Comparison of percentage loss of compressiv
Fig 11. Comparison of percentage loss of compressiv strength with design strength

strength with design strength

Figure 10 and 11 inc!icates that 'ghe loss in mags  CONCLUSIONS
was lesser than the loss in compressive strength. T
reduction in mass was 3.5% for 30 MPa NC whild he strength and durability characteristic of waste
WPC and PFRWPC specimens having the sanf@astic mix concrete with and without the additioh
strength showed negligible reduction in mass (ledders was investigated. The reduction in compessi
than 1%). This may be due to the replacement ef firstrength due to the incorporation of waste plastic
aggregates by plastic which is less reactive ioratie NC could be compensated to some extent by the
environment. When fibers were added to WPC, thaddition of polypropylene fibers. All the evaluated
mass loss increased by 5% Compared to WPC W|th0@j{lrabl|lty characteristics were found to be witttire

fibers. This may be due to air entrapping duringmits prescribed by the codes _for normal concrete.
mixing, which causes interior corrosion. These results suggest that plastic waste mix ctecre

The loss in mass and the reduction ifmay be a useful cementitious composite with better
compressive strength in acid solution were 7 % arféurability characteristics than normal concrete.
28 % respectively for WPC. The corresponding losses

in PFRWPC were 8 % and 29 % for 30 MPa. 7 SCOPE EOR FURTHER WORK
Here the characterization of mechanical properties
o and durability properties were restricted to mixgth

o target strengths 20MPa, 25 MPa and 30 MPa. The

EE 12 - study can be extended to higher grades of NC, WPC

= 104 and PFRWPC. The durability studies were restricted

E e - NG to a limited number of tests. Other tests like effef

gn ] — temperature, freezing and thawing effect, heat of

5 = PFRWEC hydration test etc can be conducted.

5! In this work strength reduction due to the
27 addition of waste plastic was compensated by the
0+ addition of polypropylene fiber. Similar studiesdae

0 o fc 0 conducted by using other methods
rade of Concrete
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