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Abstract- This paper reports the results of an experimental
investigation into the properties of hardened concrete
containing expanded polystyrene beads with partial
replacement of coarse aggregates and partial replacement of
cement with GGBS. The results showed that the strength,
stiffness and chemical resistance of polystyrene aggregate
concrete of a constant density were affected by the water to
cement ratio. An attempt is made to examine the structural
lightweight concrete by partially replacing coarse aggregates
by expanded polystyrene (EPS) beads. Here the size of EPS
bead is 2.5mm is used. Additionally, Ground Granulated blast
furnace slag is partially replaces to increase the bond strength
between the EPB beads and cement paste. Thus increasing the
compressive strength of EPS concrete. To this aim, various
mixtures are produced by replacing 5%,10%, 15%,20% 25%,
30% of Coarse aggregate volume with EPS beads, substituting
cement with 40% Ground granulated blast furnace slag
(GGBS). These mixtures are evaluated through a
comprehensive test program, including measuring
compressive strength, splitting tensile strength and flexural
strength. Structured light weight concrete of strength of about
14.3 MPa is successfully developed.

Keywords- GGBS- Ground Granulated Blast furnace Slag,
BFC- Blast Furnace Slag, CA- Coarse Aggregate,EPS.

I. INTRODUCTION

Concrete is most widely used construction material in
the world because of its ability to cast in any form and shape.
The strength and durability of concrete can be changed by
making appropriate changes in its ingredients like
cementations material, aggregate and water and by adding
some special ingredients. Hence concrete is very well suited
for a wide range of applications. The cement stabilization of
peat has been prevalent traditionally throughout the years
across the world. However, the drawbacks associated with the
manufacturing process of cement finally lead to a great
climatic change and environmental threats. Therefore,
considering this issue, the present study encourages the use of

industrial waste, ground granulated blast furnace slag (GGBS)
and agricultural waste, rice husk ash (RHA) as a partial
replacement of cement in the stabilization of Indian peat. .The
compressive strength generally increases with age at curing,
but it decreases densities and strength when EPS beads
increased accordingly. The spilt tensile strength decreases
when EPS beads replaced content increased accordingly.

II. MATERIALS

A.CEMENT

In this present investigation Ordinary Portland
Cement of 53 Grade with a brand name (Bharathi cement ) is
used. Tests are conducted in accordance with the Indian
standards confirming to IS-12269:1987.

Table 2.1 - Physical properties of cement

B.FINE AGGREGATES

Locally available river sand has been used as fine
aggregate in the present study. Sieve analysis is carried out
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and the grading curve is shown. The grading curve of fine
aggregate confirms to zone II of IS 383-1970.

Figure 2.1 - Sieve analysis of fine aggregate

C. COARSE AGGREGATE

For the experimental work, locally available crushed
stone aggregates from Apcon crushers of size 20 mm and 12.5
mm downsize are used and the various test carried on the
aggregate as per IS 2386-1968. . The test results for physical
properties of fine and coarse aggregates are shown in table
below.

Table 2.2 - Sieve Analysis of Coarse aggregates

D.WATER

Water is used for mixing and curing as per IS
456:2000. From durability consideration water cement ratio
should be restricted as in case of normal concrete and it should
preferably be less than 0.4 are tested for their important
properties before utilizing them for making concrete.

E. GGBFS (Ground Granulated Blast Furnace Slag)

GGBFS (Ground Granulated Blast Furnace Slag) is a
by-product of the iron/steel manufacturing industry. The
molten slag from the production of iron in a blast furnace is
rapidly cooled by high pressure water jets which subjects the
slag to instantaneous solidification in the form of granules,

these are then dried and ground to a similar fineness to CEM I
Class (42.5 N) in a tube mill.

Figure 2.2 - Ground granulated blast furnace slag

Table 2.2 - Physical properties of GGBFS

F.EPS (Expanded Polystyrene)

EPS or Expanded Polystyrene is a rigid cellular
plastic originally invented in Germany in 1950. It has been
used in packaging solutions since 1958. It is 98% air but the
rest is made from tiny, spherical EPS beads – themselves
made only of carbon and hydrogen. Expanded polystyrene is a
stable, low density Foam and consists of discrete air voids in a
polymer matrix. The polystyrene beads can be easily
incorporated into mortar or concrete to produce lightweight
concrete with a wide range of density. Applications of
polystyrene concrete were they include curtain walls, cladding
panels, tilt-up panels and composite flooring systems.
Polystyrene concrete was used to produce load-bearing
concrete blocks, sub-base material for a pavement, as the
material of construction for floating marine structures. It was
suggested that an overlaying layer of polystyrene concrete
could provide protection to structures against impact loading.
In the past, the use of polystyrene beads in concrete produced
segregation due to extreme lightness and hydrophobic nature
of the untreated Beads.
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Figure 2.3 - EPS (Expanded Polystyrene Beads)

Table2.3 - Physical properties of EPS

III. EXPERIMENTAL PROGRAM

A. MIX DESIGN PROCEDURE FOR M15 GRADE
CONCRETE

The Mix Design of Concrete as per IS 10262:2009

Table 3.1 - Stipulations for Proportioning

B.  LABORATORY TESTS

The tests conducted on hardened properties of concrete are

 Compressive strength

 Split tensile strength

 Flexural strength

Compressive Strength

The specimen like cube and cylinder undergoes
lateral expansion when subjected to compressive load. When

fibers are added it restrains the expansion in lateral direction.
The restraint exercised depends on friction developed between
concrete matrix and fiber. Compression test is conducted on
hardened concrete. It can be done for both cube and cylinder
but for the present work compression test is carried for cube
specimens. The cube specimen of size 150x150x150mm is
used. Concrete is filled into the mould in 3 layers each of
approximately 5cm deep. It is de-molded after 24+/-2 hrs of
casting and cured. The specimens are removed from water and
surface dried and finally tested in compression testing
machine. The cube is placed over loading platform of
compression testing machine and load is gradually applied
over the cube until the specimen failed and no load is
sustained further more. Design engineers use the specified
strength to design structural elements. This specified strength
is incorporated in the job contract documents and is
called design strength of concrete. The concrete mixture is
designed to produce an average strength fc' higher than the
specified strength such that the risk of not complying with the
strength specification is minimized. To comply with the
strength requirements of a job specification, the following
acceptance criteria apply:

1. The average of three consecutive tests should equal
or exceed the specified strength fc'.

2. No single strength test should fall below fc' by more
than 500 psi (3.45MPa) or by more than 0.10fc' when
fc' is more than 5000 psi (35 MPa).

Figure 3.1 - Test Setup of Compressive experimental work
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Figure 3.2 Failed Speciman

The first contribution of this work is the development
of a new model identification approach “bi-objective” that can
efficiently capture the strength variability in addition to the
mean strength. After studying the effect of the way of
selection the core locations, a method was proposed to select
these locations depending on the NDT measurements
“conditional selection” that improves the quality of assessment
without additional cost. A third innovation was the
development of a procedure to identify the relation between
the number of cores and the accuracy of the estimation.
Finally recommendations were derived in order to provide
more reliable estimated values.

Split Tensile Strength

Direct measurement of tensile strength of concrete is
difficult. Usually concrete is week in tension but when it
reinforced with fibers, which is having good tensile strength,
on a whole the concrete tensile strength increases. The
cylinders to be tested are kept horizontally between loading
surfaces of the testing machine. At the top and bottom of the
cylinder surface, two metal plates were placed for uniform
distribution of loads. Till failure occurs the load was applied at
a uniform rate, usually failure occurs at the vertical diameter
of the specimen and the maximum load at failure was noted.
The test procedure is repeated for all four series of concrete
specimens. One of the important properties of concrete is
“tensile strength” as structural loads make concrete vulnerable
to tensile cracking. Tensile strength of concrete is much lower
than its compressive.

Figure 3.3 - Cylinder casted for Experimental work

Flexural Strength

In the experimental work, the flexure strength is
carried on beams of size 100 × 100 × 500mm. the loading
system for flexure test is of two kinds, central point loading
and two point loading. Usually flexural strength obtained by
two points loading will be less than the central point loading.
Flexural strength is an indirect measure of the tensile strength
of concrete slab at the point of failure in bending.

IV. RESULTS AND DISCUSSION

Present experimental investigation is carried out on
M - 15 concrete with 40% of GGBFS by weight of cement.
and 0%,5%,10%, 15%, 20%, 25%, 30% of EPS (Expanded
polystyrene beads) by weight of coarse aggregate .

A.COMPRESSIVE STRENGTH

The compressive strength for all  series of concrete
specimens with respect to variation in EPS and constant
GGBS which are cured for 7, 14 and 28 days is shown in the
below table.

Table 4.1 - Compressive strength of concrete specimens  test
results
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Figure 4.1 - Compressive strength of all series

B.SPLIT TENSILE STRENGTH

The Tensile  strength for all  series of concrete
specimens with respect to variation in EPS and constant
GGBS which are cured for 7, 14 and 28 days is shown in the
below table.

Table 4.2 - Split Tensile strength of concrete specimens

Figure 4.2 - Split Tensile strength of all series

C.FLEXURAL STRENGTH

The Flexural strength for all  series of concrete
specimens with respect to variation in EPS and constant
GGBS which are cured for 7, 14 and 28 days  is shown in the
below table.

Table 4.3- Flexural strength of concrete specimens

Figure 4.3 - Flexural strength of all series

By testing the cube specimens through compression
testing machine, it can be shown that the Flexural strength of
15%EPS with 40%GGBS yielded maximum strength
compared to other specimens.

V. CONCLUSIONS

 Initial finding have shown that the lightweight concrete
using EPS beads has a desirable strength to be an
alternative construction material for the construction of
partition wall, foot path, parapet wall, bed concrete.
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 EPS concrete gives good workability and could easily be
compacted and finished. Workability increases with
increase in EPS content.

 The compressive strength of EPS concrete is less than
Conventional concrete.

 The replacement by using EPS is a best alternate non-
structural building material and it is best way for best
disposal.

 It will reduced the landfill and pollution since, waste
material are used.

 Optimum level of replacement of aggregate by EPS beads
is found to be 15% to obtain better compressive strength,
split tensile strength and flexural strength.

 The compressive strength generally increases with age at
curing, but it decreases densities and strength when EPS
beads increased accordingly.

 The spilt tensile strength decreases when EPS beads
replaced content increased accordingly

 The flexure strength decreases when EPS beads replaced
content increased accordingly.
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