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Abstract: This document gives formatting instructions for authors preparing papers for publication in the Proceedings
of an International Journal. The authors must follow the instructions given in the document for the papers to be
published. You can use this document as both an instruction set and as a template into which you can type your own
text. The experimental work carried out aims to study on the strength properties of structural light weight concrete
produced replacing coarse aggregate by blending light weight aggregates such as Cinder and Leca for M30 grade of
concrete. The light weight aggregates such as Cinder and Leca were blended in various percentage proportions 0:100,
10:90, 20:80; 30:70; 40:60, 50:50 and vice-versa by volume of concrete to prepare light weight concrete. The properties
such as compressive strength, split tensile strength and density are studied by casting 33 no. of plain cube specimens of
size 150 x150 x150mm and cylindrical moulds of 150x300mm. M30 grade light weight concrete with 60% Cinder and
Leca 40% had an average compressive strength of 36.52N/mm2 and split tensile strength of 2.5N/mm2. Addition of
Ground Granulated Blast Furnace Slag (GGBFS) is used by replacing 20% of cement which enhanced the compressive

strength to 39.20N/mm2.
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I. INTRODUCTION

Concrete is considered to be composite material which is a
mixture of mortar and coarse aggregate, the former acts as
matrix of binder material and the later becomes the rigid
filler material. For normal weight concrete (NWC), since
the coarse aggregate possesses a larger value of E value,
therefore it behaves as the major supporting material. The
mortar, on other hand, can only be treated as a medium for
stress transfer. For Lightweight Aggregate Concrete
(LWC), however, the aggregate becomes the minor
supporting part since it normally possesses a smaller
young’s modulus value. Fractures will be found in the
aggregate portion and the concrete strength is mainly
dependent on the particle and packing strengths of coarse
lightweight aggregate.

Theoretically, the achievable strength of concrete can be
determined by mortar strength and the particle strength of
coarse aggregate. In fact, however, the coarse aggregate in
concrete is not uniform and contains various grain sizes
based on the gradation curve. It is improper to access the
LWC strength according to the particle strength of a single
aggregate. Instead the “packing strength”, being the part of
the LWAC strength contributed by the pack of the group
of LWA'’s, is considered more representative. Lightweight
concrete has been widely used in wall panels, masonry
blocks, roof decks, and precast concrete units in many
building applications.

There are many advantageous qualities of lightweight
concrete, such as its low density, low thermal
conductivity, reduction of dead load, fast building rate,
and low haulage cost. Lightweight concrete (LWC) has
been successfully used since the ancient Roman times and
it has gained its popularity due to its lower density and
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superior thermal insulation properties Compared with
normal weight concrete (NWC), LWC can significantly
reduce the dead load of structural elements, which makes
it especially attractive in multi-storey buildings.

Lightweight aggregate concrete (LWC) has been used as a
construction material for many decades. The main
objective for using LWAC is normally to reduce cost by
reducing the dead load of structures. E.g. with low weight
the dimensions of the foundations in buildings can be
reduced in areas with low bearing capacities, the inertia
actions are reduced in seismic regions and it enables easier
handling and transportation of precast elements. Even with
the major advantage of reduced weight and the high
strength-to-weight ratio of the material compared to
conventional concrete. Other advantages of LWC
compared to normal weight concrete are the improved
durability properties, fire resistance and the low thermal
conductivity.

The use of light weight aggregates concrete in structures
offers many advantages over the conventional normal
weight concrete, including an increased strength weight
ratio and improved thermal and sound insulation and fire
resistances properties [K.Dhir and et.al,1984]. In concrete
construction field, the concrete represents a very large
proportion of the total load on the structure and there are
clearly considerable advantages in reducing its density.
One of the ways to reduce the weight of a structure is the

use of light weight aggregate concrete [Mouli and Khelali
2008]. Light weight aggregate concrete (LWAC) has been
used successfully for structural purposes for many years,
because of their improved properties such as the
workability, strength, less dead load and resistance to
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freezing and thawing of light weight concrete [V.
Khonsari and et.al 2010].

The advancement in the new construction materials has
lead to develop high strength materials, which are
generally selected to reduce the weight of the construction.
Also the developments in the stress analysis methods
enable a more reliable determination of local stresses in
the materials, which permit safety factors to be reduced
resulting in further weight savings [Dr. V Bhaskar Desai
and et.al 2014]

Structural lightweight concrete has been widely used
following advances in production technology for
lightweight aggregates. The advantage of lightweight
concrete is reduced dead load for structures. Thus, the
required cross-section of columns, amount of steel, and
foundation load can decrease, given that lightweight
concrete has acceptable performance in terms of strength
[Jin Young Yoon and et.al 2015].

The aim of experiment is to develop the light weight
concrete for the mix design of conventional concrete such
as M30 by full replacement of the portion of coarse
aggregates (granite) by blending of light weight aggregates
such as CINDER & LECA with different percentages &
thereby achieving the target strength with low density of
concrete. The concrete which is thus developed is then
compared with the conventional M30 grade concrete &
further the graphs are obtained for the above comparison.

Il. CHARACTERIZATION OF LIGHT WEIGHT
AGGREGATES

In this study, the materials used are
Cement-Ordinary Portland cement 43 grade confirming to
IS 12269-1987.

Fine aggregates - Confirming to zone Il passing through
4.75mm IS sieve.

Coarse aggregates - Locally available granites passing
through 20mm IS sieve are used.

Light weight aggregates used in experimentation- In this
study LECA and Cinder was selected as light weight
aggregates to replace natural aggregates in concrete.
Before deciding any material to be used as aggregate it has
to possess some standards set by IS: 1343.As we are
concerned with the mix design the basic tests were
conducted the results were determined.

CINDER: Cinder is a naturally occurring light weight
rock of igneous origin. It is a pyroclastic material which is
similar to that of pumice and has many cavities with low
density which can float in water. Cinder is generally black,
brown or red in color depending on its chemical
composition. Now a days it is also called by name Scoria.

Volcanic cinders are uncemented, vitric, have bubble-like
cavities, called vesicles, measure not less than 2.0 mm in
at least one dimension the apparent specific gravity is
between 1.0 and 2.0. Figure 1 shows the cinder used in
study.

Tests conducted on Cinder were

Specific gravity = 1.52
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Bulk density in Loose state % voids was 67.84% and
Compacted state % voids was 59.76%;

Aggregate crushing test was 32.01%
Water absorption was 8.8%
Fineness modulus was found to be 7.414

Fig. 1. Cinder & LECA

LECA: It is abbreviated as LIGHT EXPANDED CLAY
AGGREGATES. It is the special type of aggregate which
are formed by pyroclastic process in rotary kiln at very
high temperature. Since it is exposed to high temperature,
the organic compounds burn, as a result the pellets expand
& form a honeycombed structure. Whereas the outside
surface of each granule melts and is sintered. The resulting
ceramic pellets are lightweight, porous and have a high
crushing resistance. It is environmental friendly, entirely a
natural product incorporating same benefits as tile in brick
form. LECA is non destructible, non combustible &
impervious to attack by dry-rot, wet-rot & insects. Figure
2 shows the LECA used in study.

Based on the standard tests the results were as

Tests conducted on Leca were

Specific gravity = 0.51

Bulk density in Loose state % voids was 79.59% and
Compacted state % voids was 68.94%

Aggregate crushing test was 37.52%;

Water absorption was 16.42%

Fineness modulus was found to be 6.448.

TABLE I: M1X PROPORTIONS

SI.No MIX PRPORTIONS of M30 LWC
1 Cement 413 kg/m3
2 Water 186kg/m3
3 Fine Aggregats 706kg/m3
4 Coarse Aggregates 1117
(40% Leca & 60% kg/m3
Cinder)
5 Water Cement Ratio 0.45

In present study Leca and cinder were selected as light
weight aggregates and their properties were tested. Based
on the characteristics, design mix was arrived on ISl
method. These aggregates are blended in a defined
proportion starting from 0% to100%for replacement of
natural coarse aggregates. For each replacement ratio
specimen’s cubes and cylinders were cast as shown in
figure 3. The elements were subjected to standard curing
placing in water at ambient room temperature for 28 days
The cured cube specimens was subjected to compressive
loadings and the corresponding strength characteristics
were determined as shown in figure 4.
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TABLE2. AVERAGE COMPRESSIVE STRENGTH

SL LWA Density Avg Compressive
No (kg/mm?) Strength (N/mm?)
% Leca %Cinder 7days | 28days

1 0 100 2364.44 28.560 38.677
2 10 90 2308.74 28.234 37.929
3 20 80 2229.33 27.855 37.440
4 30 70 2181.63 27.213 36.836
5 40 60 1909.63 26.110 36.525
6 50 50 1837.04 23.223 30.399
7 60 40 1773.33 22.169 27.265
8 70 30 1690.00 21.145 26.220
9 80 20 1636.15 20.464 25.142
10 90 10 1541.63 19.892 24.491
11 100 0 1506.37 19.235 23.202

uithy

I1l. RESULTS & DISCUSSIONSs
The comparison of experimental results and analyzing
were done in graphical way.
Analysis of slump results of fresh concrete mix: Here

the slump test carried out for various proportions of fresh
concrete mixes of M30 grade are compared.
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Analysis of compressive and tensile strength of
hardened concrete: The compressive strength and tensile
strength of various proportions of M30 for different curing
periods such as 7 days and 28 days are analyzed
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Fig. 6. Average compressive strength

Fig. 4. Testing of cubes AvgTensile Strength of M30 LWC
TABLE3. AVERAGE TENSILE STRENGTH 3
~ ———
SL LWA Slump | Avg Tensile Strength | | £ N
No in mm (N/mm?) z ¢ T~
% %Cinder 7days | 28days 25 -
Leca E 1
1 0 100 27 1.915 2.698 : .
2 10 90 32 1.874 2.686 o
3 20 80 34 1.861 2.659 FHES S E S S S
4 30 70 49 1.788 2.562 S S O R R R S S A
5 40 60 56 1.710 2.500 Aggregarate Proportion % ——7 days
6 50 50 o4 1.556 2.125 Fig. 7. Average tensile strength
7 60 40 51 1.432 1.903 . 0 . o
8 70 30 8 1210 1686 Replacing normal gggregate py 60@ of Cinder & A_,OA) has
found to be optimum design mix for obtaining the
9 80 20 41 0.975 1.472 desianed ¢ . hich b in th
10 %0 10 38 0854 1.223 eizg?rilentg?nfersufts r‘}:wxor\éverl(t:o ingsrove(athesggr:nplrre]ssivg
1 100 0 36 0.836 1.187 strength, for the same mix the 20% of cement was
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replaced by Ground Granulated Blast Furnace Slag [2] H Ceilikozyildirium, 2000, Laboratory Investigation on Mechanical
(GGBFS) which enhanced the compressive strength from
36.52N/mm? to 39.20N/mm?. The mix proportions and
results are tabulated in Table 4 and 5 respectively.

TABLE 4: MiX PROPORTIONS FOR M30 GRADE OF LIGHT

WEIGHT CONCRETE WITH 20%GGBFS
1 Cement 330.4 kg/m3
2 GGBFS 82.6 kg/m3
3 Water 186 kg/m3
4 Fine aggregates 706 kg/m3
5 Coarse aggregates 1117 kg/m3
6 Water cement ratio 0.45

TABLE 5: COMPRESSIVE STRENGTH OF M30 GRADE OF

NORMAL AGGREGATES CONCRETE & LWC wWiITH 60%

CINDER, 40% LECA AS AGGREGATES WITH 20% GGBFS

Compressive Strength Compressive Strength of
of Normal Concrete Light weight concrete
(N/mm2) (N/mm2)
7days 28days 7days 28days
31.89 43.53 27.12 39.20
31.63 43.26 27.30 39.47
31.72 43.42 27.09 38.93

1IV.CONCLUSION

The experimental investigation carried out and in scope of
work carried out, the following conclusions are drawn out:

Normal coarse aggregate can be replaced by using
Cinder and Leca.

Increasing the percentage of light weight aggregate
decreases the cubes weight from 8.9kg to 6.45kg. But
simultaneously there was decreasing strength. Blending
of light weight aggregates showed better performance in

this case

The concrete mixes are blended in various proportions
like (50;50,60;40,70;30,80;20 ,90;10 ,fully 100%) vice

versa in Leca & Cinder.

(1
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60% of cinder and 40% of LECA with 20% of GGBS
replaced for cement gave a good low weight structural
concrete.

Cinder and LECA can be used as light weight aggregate
in replacement of normal coarse aggregate. M30 grade
light weight concrete had an average compressive
strength of 39.20N/mm? respectively which was almost
nearer to the compressive strength of normal aggregate
concrete which was 43.40N/mm?.

The density of light weight aggregate concrete varied
from 1800 to 1950 kg/mm® which were lesser than that
of normal weight concrete having a density of 2637
kg/mm®,

There was significant cost reduction when compared to
normal concrete. The batching of concrete work is done
in volume wise, 1kg of LECA replaced 3.5 kg of normal
aggregate by mass.
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