IJRET: International Journal of Research in Engineering and Technology el SSN: 2319-1163 | pl SSN: 2321-7308

PARTIAL REPLACEMENT OF COARSE AGGREGATESBY EXPANDED
POLYSTYRENE BEADSIN CONCRETE

Thomas Tamut?, Rajendra Prabhu?, Katta Venkataramana®, Subhash C Yaragal*

1 PG Sudent, Dept. of Civil Engineering, National Ingtitute of Technology, Karnataka, India
2 Research Scholar, Dept. of Civil Engineering, National Institute of Technology, Karnataka, India
3&4 Professors, Dept. of Civil Engineering, NITK, India

Abstract

With the increase in demand for construction materials, there is a strong need to utilize alternative materials for sustainable
development. The main objective of this investigation is to study the properties, such as compressive strength and tensile strengths of
lightweight concrete containing Expanded Polystyrene (EPS) beads. Its properties are compared with those of the normal concrete
i.e., without EPS beads. EPS beads are used as partial replacement to coarse aggregates. The results showed that the amount of
polystyrene beads incorporated in concrete influences the properties of hardened concrete. At 28 days, it was found that compressive
strength of 5%, 10%, 15%, 20%, 25% and 30% EPS incorporated concrete strengths were 91%, 77 %, 71%, 63%, 57%, and 45%,

respectively when compared to concrete with no EPS case.
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1. INTRODUCTION

Increase in the developmental activities world ovtre
demand for construction materials is increasingoerptially.
This trend will have certainly greater impact oe #rconomic
system of any country. India also is aiming at ighh
developmental rate compared to other nations im.Adihere
is heavy demand for the building materials in theemdstic
market, which is becoming scarce day by day. A¢ foint
researchers and engineers who have the foresigtgep the
developmental activities abreast and curtail thet dactor
should look out for other alternative building nrédés.

In this work, an attempt is made to address theipibity of
utilizing Expanded Polystyrene (EPS), a packingematl in
the form of beads in concrete, which otherwise dsimg a
threat to waste disposal as well as for waste nwnagt.
This material is a cause of concern to environnistga In
this study, it is attempted to partially replaceuse aggregates
by means of EPS beads. A general discussion on E®S
production and its application along with enviromta
concerns are being discussed.

Expanded polystyrene (EPS) is a lightweight ceflylastics
material consisting of fine spherical shaped plagigvhich are
comprised of about 98% air and 2% polystyrene.hds a
closed cell structure and cannot absorb waterast & good
sound and thermal insulation characteristics a$ agelmpact
resistance. Polystyrene foam is a non-biodegradaiaiterial.

It is a waste material from packaging industry. cteates
disposal problem. Utilizing crushed polystyrenargres in
concrete is a valuable waste disposal method.

There are many advantages to be gained from theofise
lightweight concrete. These include lighter loadisring
construction, reduced self-weight in structuresj arcreased
thermal resistance. Lightweight concrete is gdheaacepted
as concrete having a density of about 1800 Rg/mess. The
present investigation was taken up, keeping twgetsarin
view, disposal of the polystyrene waste from thmpof view
of environment and for the replacement of aggrefrare the
point of view of construction industry. The presstudy aims
at utilization and the suitability of polystyrenedus as coarse
aggregate. A comparative study on strength paemhéet also
done against conventional concrete to study thenbheh of
the polystyrene aggregate. For this 5%, 10%, 18%%, 25%

and 30% replacement of coarse aggregate by expanded

polystyrene beads is attempted in this work.

20MATERIALSAND METHODS

The test procedures for assessing the quality ofows
materials that are used for preparation of testcie are
detailed. The types of tests on fresh and hardeoedrete are
also described in detail. Expanded polystyreneSjER a
lightweight cellular plastics material consistingf dine

spherical shaped particles which are comprisechotia98%
air and 2% polystyrene. It has a
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2.1 Materials

The ingredients of concrete were Expanded Polyseyleads
in the form of spheres, (used for filling bean Hagsver sand
as fine aggregate, crushed granite stones as caggsegate,
43 grade Ordinary Portland Cement conforming to 8 8.2
and water. The physical properties EPS beadsettlat the
work are shown in Tablel.

Table 1: Properties of expanded polystyrene beads

Specific Gravity Bulk density Particlesize
Spherical
0.011 6.86 kg/n (8-9 mm dia)

2.2 Experimental program

The physical properties of individual ingredientseres
determined. The mix proportions for M30 convendibn
concrete mix was arrived as per IS: 10262-2009.

Adopting w/c = 0.46, the proportion of concrete risix

W : C : FA : CA
200 : 434 660.67 999.5
0.461 1.000 1.522 2.303

This concrete mix proportion is taken as the refeee or
control mix in the present study. The mix propamtior EPS
beads based concrete is obtained by partially cepgjecoarse
aggregate with different dosages of polystyrene dbea
volumetrically. The quantities of materials forrieaus mixes
are obtained by partial replacement (by volume)coérse
aggregates by EPS beads.

Cubes of 150mm size for compressive strength etiatuand
cylinders of 150 mm diameter for split tensile $estere
prepared. The specimens were cured in water fata3® and
then tested. For every mix, 6 cubes of 150 mm ¢iae
compression tests: 3 numbers each for 7 days amdags),
and 3 cylinders of 150mm diameter and 300mm height
split tensile test were cast. Six levels of rephaest of
aggregate were considered, i.e., 5, 10, 15, 2an2530%.

2.3 Tests on EPS based concr etes
2.3.1 Workability

The slump test is the most well-known and widelgdisest
method to characterize the workability of fresh aete.

2.3.2 Compressive Strength

Strength of concrete is the most important, alttowgher
characteristics may also be critical and cannonhéglected.
Strength is an important indicator of quality besmustrength
is directly related to the structure of hardenethest paste.
Even though strength is not a direct measure odllity or

dimensional stability, it has a strong relationshkigth the

water to cement ratio of the concrete, which imtnfluences

durability, dimensional stability and other propest of
concrete.

2.3.3 Split Tensile Strength

Tensile strength governs the cracking behavior afidcts
other properties such as stiffness, damping actiamdg
durability of concrete. It is also important redjag the
behavior of concrete under shear loads. TensiEngth is
determined by either direct tensile tests or byréd tensile
tests such as flexural or split cylinder testsdéoncadance with
national standards.

3.0RESULTSAND DISCUSSION
3.1. General

In this section, results of the various tests catetli on both
control and Polystyrene concrete mixes, both iir finesh and
in hardened states are discussed. In fresh sthad;
workability, and in hardened state, their mechdrpcaperties
(compressive and split tension) at 7-days and 3&-daf
curing are discussed and are evaluated.

3.2. Fresh concr ete mixes

In general, it was observed that workability ofancrete mix

increased on addition of polystyrene. Workabild§ the

mixes was observed to increase with increase inepéage
replacement of coarse aggregate with polystyrese (aartial

replacement of aggregate) i.e., higher the polgsigr
replacement, higher was the workability. Bleedingasw
observed with the increase in water/cement ration@actions
of the specimen were done with vibrating machinigh h
degree of vibration resulted in segregation of giyene

beads from the rest and bleeding occurred. Thagshalues

obtained are tabulated in Table 2.

Table 2: Variation in lump with EPS (%)

g EPS
NO‘ Replacement | Slump (mm)
' (%)
1 0 35
2 5 35
3 10 40
4 15 42
5 20 45
6 25 55
7 30 60

3.3. Tests on hardened concrete
3.3.1. Compression Tests

Compression testing of the cube specimens wasedaorit in
a Universal Testing Machine of capacity 2000 kNpas IS:
516-1959. The load was applied without shock aata of
140 kg/sg.cm/min. A set of three cubes were tekie@ach
of the mix for their compressive strengths at 7 a8dlays of
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curing. The ultimate load at which specimen faileas noted
down for each specimen. Linear average was caétliiaver
three specimens, provided the individual variatisas not
more than + 15 percent of the average. Specimées a
testing were visually inspected for the rupturefag and
polystyrene beads distribution. The results of poassion
test are shown in Figure 1.

It is seen that the compressive strength of allcoete mixes
increased with the increase of age. It is obsethed, the
larger the amount of polystyrene beads in concthte)esser
the compressive strength. As expected, the nokmeddht

concrete has more compressive strength at all egapared
to lightweight concrete. At 28 days, it was foutttht

compressive strength of 5%, 10%, 15%, 20%, 25% 30%d

EPS based concretes compared to control concrete 3480,

77 %, 71%, 63%, 56%, and 45%, respectively.

It can be observed that the compressive strendtalé the
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Fig. 1. Compressive strength variation per centage of EPS
variation

EPS based concrete mixes, in general, decrease amith
increase in polystyrene beads content. This caattbibuted
to,

a. Increase in polystyrene volume, increases the voids
as compared to the control mix.

b. Smooth surface of the polystyrene; hence the
polystyrene beads tend to bond loosely with the
cement paste. It is seen that the polystyrenécfest
could be easily plucked and removed from the
rupture surfaces of the cubes after compressids. tes
Due to this poor bond characteristic, failure takes
place through the cement paste- polystyrene
interface at much lower stress levels.

c. Low specific gravity of the polystyrene due to whic
there is a reduction in overall density of the cete.
Density affects the compressive strength i.e., an

increase in the density of the mix will increase it
compression strength.

In 0% EPS (control concrete), at 7 days the conspres
strength was 31.77 MPa, and then at 28 days iteasad

considerably to 37.18 MPa. In 5%, 10%, 15%, 209 2&d

30% EPS based concretes on the other hand, theressiye

strength increased from 7 days to 28 days, the latieso
difference was about 6 to 9 MPa.

3.3.2 Split Tensile Tests

Split tensile tests were carried out, on standaiihdrical
specimens of all the EPS based concrete mixes,eadSp
5816: 1999. This is an indirect method of applying
tension in the form of splitting. The test was
performed on the cylinders of 150 mm diameter and
300 mm height, as per I.S. specifications. Thecapen

is placed with its axis horizontal between the prat of
testing machine. Thin strips of 12 mm wide and 3mm
thick were inserted between the cylinder and the
platens of testing machine. The load increment4®
kN/minute was applied until the failure by splitgin
along the vertical diameter took place. The stone
aggregates and EPS beads were uniformly distribirted
the matrix as shown in the Fig.2.

Fig. 2: Broken surfacesof failed cylinders
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The results of split tensile tests are presente&im3.
It is clear from the bar chart that, the higher #mount of
polystyrene beads in concrete mixture, the lower ténsile
strength. Mix with 15% EPS has a relative strengjtt80%
and that with 30% EPS has a relative strength 86.70

Tensile strength at 28 days

Tensile strength {MPa)
(o]

0% 15% 30%

Fig. 3: Split Tensile strength at 28 days

4. CONCLUSIONS

The following conclusions were drawn from the study

1. Increase in the EPS beads content in concrete
mixes reduces the compressive and tensile
strength of concrete.

2. All the EPS concrete without any special bonding
agent show good workability and could easily be
compacted and finished.

3. Workability increases with increase in EPS beads
content.

4. The replacement by using EPS has shown a
positive application as an alternate material in
building nonstructural members, and it also serves
as a solution for EPS disposal.

5.

Obtained results suggest that expanded polystyctenerete
has scope for nonstructural applications, like wgdinels,
partition walls, etc.
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