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Abstract: Concrete is most commonly and widely used material in infrastructure development. Coarse
aggregate is major ingredient of concrete which constitutes to about 60 to 70% in terms of volume of concrete.
The cost of coarse aggregate is increasing day by day due to its limited availability and large demand. In the
present work, Quartzite is used as an alternate material to coarse aggregate and studies various engineering
and mechanical properties. Experimental studies were performed on plain cement concrete by replacing coarse
aggregate up to 100% and durability studies were performed by 100% replacement of coarse aggregate. The
mix design and test methods are followed in accordance with the Bureau of Indian Standards. The concrete
made with quartzite performed well in terms of compressive strength and showed higher performance for 7, 28
and 90 days than conventional concrete. The compressive strength of concrete made with quartzite is less than
the strength of conventional concrete in normal water curing, but the reduction in strength is very nominal. The
concrete made with quartzite performed well in terms of compressive strength and showed higher performance
for 7, 28, and 90 days than conventional concrete when exposed to sea water, and temperature effect and
showed satisfactory performance. Overall, the performance of quartzite is reasonably good when exposed to
various weathering conditions and the same can be replaced as coarse aggregate in concrete.

Keywords: Quartzite, concrete, coarse aggregate, Compressive Strength, Flexural Strength, Splint Tension
Strength.

I.  Introduction

Concrete has a great advantage in which there is a possibility to choose its constituents and then it is up
to the user to exploit and optimize the unique properties of each of the components to develop a high quality,
durable construction material of high impermeability. The coarse aggregate is generally coarse gravel or crushed
rocks such as lime stone or granite, along with a fine aggregate such as sand. The cement commonly Portland
cement and other cementitious materials such as fly ash and slag cement serve as a binder for the aggregate.
Various chemical admixtures are also added to achieve varied properties. Water is then mixed with this dry
composite which enables it to be shaped (typically poured) and then solidified and hardened into rock-hard
strength through a chemical process called hydration.The demand for aggregates will increase heavily. Already
there was problem for the availability of good quality aggregate in which there was restriction for mining by
environmental laws. This situation leads to longer distance to transport which will add to energy costs. In Kerala
state there are importing aggregate from as far away as from Gujarat or even from Vietnam in which there is an
urgent need to look alternative materials like light weight aggregates to overcome this problem. Since
aggregates in concrete comprise about 80% of the total volume of concrete any reduction in natural aggregates
consumption will have significant impacts in the environment. Quartzite being used in the present study
obtained as the byproduct of the processing industry was utilized as coarse aggregate replacement.

Quartzite is commonly used as refractory material and as a flux in iron and steel industry. The

chemical composition of the quartzite comprises 95-98% of silicon dioxide, 0.4-4 % aluminum dioxide and 0.2-
1.5% ferrous oxide. It is estimated that 3000 tonnes of insitu reserve of quartzite is in available in Andhra
Pradesh, India out of which 2000 tonnes is considered recoverable. The major deposits are available in
Vizianagaram district of Andhra Pradesh from which the material was obtained for the current study.
To study the compatibility of quartzite as alternate material as coarse aggregate in concrete. To determine the
performance of Compression Strength, Flexural Strength and Split Tensile Strength by a Quartzite concrete with
different percentage. To study the effect of quartzite concrete and convention concrete both in normal water and
sea water.To study the effect of temperature on the quartzite concrete
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Almesfer had replaced coarse aggregate with Waste Glass in which he had observed that the compressive
strength trend at 28 days with the addition of Waste Glass significantly decreasing the compressive strength for
all concrete mixes. This decrease in compressive strength is due to the high brittleness of glass leading to cracks
which result in incomplete adhesion between the WG and cement paste, while the poor geometry and reduced
specific gravity of glass leads to a heterogeneous distribution of aggregates.

Medina said that coarse sanitary ware aggregates has higher water absorption than coarse natural aggregates.
The results reported, respectively 0.6% and 0.2%, showed that these properties are very similar for recycled and
natural aggregates. They stated that the bulk density is higher for coarse natural aggregates (2630 kg/m3) than
for coarse recycled ceramic aggregates (2390 kg/m3).

Il.  Material Properties
A. Material test results
l. Cement
»  Specific gravity of cement =3.1
»  Fineness modulus of cement =7%
»  The percentage of water required to produce cement paste of standard consistency 29%
»  The initial setting time of the cement used is 57 minutes. > 30 minutes (As per 1S 4031- part5-1988 code).
»  The final setting time of cement is 4hours 49minutes< 10 hours (As per IS 4031-part5-1988 code).
l. Fine aggregate

v Specific gravity of sand 2.59
v" Fineness modulus of fine aggregate 2.38%
v" Water Absorption for Fine aggregate 0.56%
I11. Coarse aggregate

«+ Specific gravity of coarse aggregate 29
+«+ Fineness modulus of coarse aggregate 7.87%
+«+ Percentage voids in Coarse aggregate 48.72%
% Water Absorption for Coarse aggregate 0.77%
%+ Coarse aggregate crushing value 24.77%
« Coarse aggregate impact value 26.52%
¢+ Abrasion value for Coarse aggregate 24.72%
IV Quartzite

Figure 1 Quartzite

=  Specific gravity of Quartzite 2.68

=  Fineness modulus of quartzite 7.04%
= Percentage voids in Quartzite 37.37%
= Water Absorption for Quartzite 0.49%
= Quartzite Crushing value 32.89%
= Quartzite impact value 34.14%
= Abrasion value for Quartzite 21.44%
B. Mix design

Grade designation: M30

Type of cement: OPC 53 grade (KCP Cement)
conforming IS: 12269

Maximum nominal size of aggregate: 20mm
Maximum water-cement ratio: 0.45
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I1l.  Experimental Tests

Hardened Concrete Tests

I.  Compression strength:
Concrete curing was carried out with specimens of size 15 x 15 x 15 cm immersed in water.

Compression strength of normal concrete and quartzite concrete with different percentage levels was carried
according to Indian code IS 519:1959 with loading rate of 5.3 Kilo Newton per second and the results are
presented in table for 7 and 28 days.

f.= Failure load/ Cross sectional ar

Figure 2 Compression testing machine

11 . Split tensile strength :
The resistance of a material to a force tending to tear it apart, measured as the maximum tension the

material can withstand without tearing. Tested by keeping the cylindrical specimen in the compressive testing

machine and is continued until failure of the specimen occurs.
f =2P/ Id

Figure 3 Testing of Cylindrical Specimen

I11. Flexural Strength:
The flexural strength may be expressed as the modulus of rupture fy,, which, if “a” equals the distance

between the line of fracture and the nearer support, measured on the centre line of tensile side of the specimen,

shall be calculated to the nearest 0.5kg/sg.cm as follows.
f, =Pl/bd?

Figure 4 Testing of Prism Specimen
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Durability Tests

1. Sea water : In this study, the concrete performance in sea water was determined by immersion of concrete
cubes in sea water under laboratory conditions. The specimens were removed from sea water after 28, 60,
90, 120 days, and then, the compressive strength and mass losses of the specimens were determined.

2. 1l. Temperature : In order to evaluate the behavior of different materials (natural aggregate and quartzite)
with respect to the temperature applied, in this research work the specimens were heated in an electric
furnace to 250°.The heating rate was set at 5°c per minute. The respective maximum temperature was
maintained for 1 hour. After that, the specimens were allowed to cool naturally to room temperature, by
turning off the furnace and allowing for natural cooling.

Preparation of test results
I.  Compressive strength
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Figure 5 Compressive Strength of Cube specimen at 7 days in normal and sea water
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Figure 6 Compressive Strength of Cube specimen at 90 days in normal and sea water

Il . Split tensile strength
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Figure 7 Split Strength of Cube specimen at 7 days in normal and sea water
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Figure 8 Split Strength of Cube specimen at 90 days in normal and sea water
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I11. Flexural Strength
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Figure 9 Flexural Strength of Cube specimen at 7 days in normal and sea water
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Figure 10 Flexural Strength of Cube specimen at 90 days in normal and sea water
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Figure 12 Temperature Effect of Cube Specimen at 90 days in normal and sea water
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IV.  Conclusion
It is observed that the compressive strength of the concrete increases to 2.25%, 10.68%, 18.05%, and
29.61% when % of quartzite increases from 10%,20%,30% and 40% when it is compared with
conventional concrete in normal water at 28 days. But the replacement is done till 100% replacement.
It is observed that the compressive strength of the concrete increases to 4.28%, 12.75%, 18.65%, and
25.66% when % of quartzite increases from 109%,20%,30% and 40% when it is compared with
conventional concrete in sea water at 28 days. But the replacement is done till 100% replacement.
It is observed that the compressive strength of the concrete increases to 0.87%, 2.88%, 5.15%, and 10.06%
when % of quartzite increases from 10%,20%,30% and 40% when it is compared with conventional
concrete in normal water at 90 days. But the replacement is done till 100% replacement.
It is observed that the compressive strength of the concrete increases to 0.65%, 1.85%, 4.28%, and 7.5%
when % of quartzite increases from 10%,20%,30% and 40% when it is compared with conventional
concrete in sea water at 90 days. But the replacement is done till 100% replacement.
It is observed that the split tensile strength of the concrete increases to 1.65%, 3.33%, 7.76%, and 15.52%
when % of quartzite increases from 10%,20%,30% and 40% when it is compared with conventional
concrete in normal water at 28 days. But the replacement is done till 100% replacement.
It is observed that the split tensile strength of the concrete increases to 0.82%, 2.75%, 3.86%, and 13.8%
when % of quartzite increases from 10%,20%,30% and 40% when it is compared with conventional
concrete in sea water at 28 days. But the replacement is done till 1200% replacement.
It is observed that the split tensile strength of the concrete increases to 0.39%, 0.84%, 2.56%, and 3.73%
when % of quartzite increases from 10%,20%,30% and 40% when it is compared with conventional
concrete in normal water at 90 days. But the replacement is done till 100% replacement.
It is observed that the split tensile strength of the concrete increases to 0.51%, 0.77%, 1.5%, and 3.53%
when % of quartzite increases from 10%,20%,30% and 40% when it is compared with conventional
concrete in sea water at 90 days. But the replacement is done till 100% replacement.
It is observed that the Flexural strength of the concrete increases to 0.79%, 2.21%, 3.22%, and 5.12% when
% of quartzite increases from 10%,20%,30% and 40% when it is compared with conventional concrete in
normal. water at 28 days. But the replacement is done till 100% replacement.
It is observed that the Flexural strength of the concrete increases to 1.01%, 2.17%, 3.19%, and 4.88% when
% of quartzite increases from 10%,20%,30% and 40% when it is compared with conventional concrete in
sea water at 28 days. But the replacement is done till 200% replacement.
It is observed that the Flexural strength of the concrete increases to 0.42%, 1.09%, 1.7%, and 2.7% when %
of quartzite increases from 10%,20%,30% and 40% when it is compared with conventional concrete in
normal. water at 90 days. But the replacement is done till 100% replacement.
It is observed that the Flexural strength of the concrete increases to 0.9%, 1.33%, 1.94%, and 3.0% when %
of quartzite increases from 10%,20%,30% and 40% when it is compared with conventional concrete in sea
water at 90 days. But the replacement is done till 100% replacement.
It is observed that the temperature effect of the concrete increases to 2.35%, 10.96%, 18.7%, and 29.8%
when % of quartzite increases from 10%,20%,30% and 40% when it is compared with conventional
concrete in normal water at 28 days. But the replacement is done till 200% replacement.
It is observed that the temperature effect of the concrete increases to 4.14%, 12.72%, 18.57%, and 25.3%
when % of quartzite increases from 10%,20%,30% and 40% when it is compared with conventional
concrete in sea water at 28 days. But the replacement is done till 1200% replacement.
It is observed that the temperature effect of the concrete increases to 0.93%, 2.83%, 5.26%, and 9.85%
when % of quartzite increases from 10%,20%,30% and 40% when it is compared with conventional
concrete in normal water at 90 days. But the replacement is done till 200% replacement.
It is observed that the temperature effect of the concrete increases to 0.57%, 1.73%, 4.23%, and 7.57%
when % of quartzite increases from 10%,20%,30% and 40% when it is compared with conventional
concrete in sea water at 90 days. But the replacement is done till 100% replacement.
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