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h i g h l i g h t s

� Quartz sandstone (a mine waste) is used in cement concrete as a replacement of natural coarse aggregate.
� M30 grade of concrete was used for the study with water cement ratios of 0.38 and 0.4.
� Clay content analysis and its impact on compressive strength were studied.
� Different blending ratios of coarse aggregates were studied to obtain the best packing and enhanced compressive strength.
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a b s t r a c t

Sandstone is generally composed of grains of quartz and other minerals of fairly uniform size which are
often smooth and rounded. These grains are held together by a cementing material which may be silic-
eous or ferruginous. The toughness of sandstone depends mostly on the nature of this cementing mate-
rial. While utilising sandstone into concrete, different properties of sandstones has to be studied in detail
to know the potential use of sandstone as a part or whole replacement of coarse aggregates. This replace-
ment depends on many factors like mineralogical composition, micro structure, moisture absorption
capacity, presence of carbonates and many other parameters. In this study, preliminary tests were anal-
ysed for sandstone obtained from Dholpur, eastern most part of Rajasthan state of India. Sandstone waste
generation is very much higher in this particular region and it is estimated that Rajasthan alone produces
900 million tons of sandstone waste thus leading to a large dumping of these materials without any par-
ticular utilisation. In order to overcome this massive dumping of sandstone wastes and to lessen the use
of natural aggregates, a study was carried to find out the effective use of these sandstone wastes in con-
crete. Tests were done to study the morphology, compressive strength based on combined gradation, clay
content percentage and Rietveld curve fitting was done to identify the major constituents in the sand-
stone aggregate. It was observed that this preliminary study on parent and substitute aggregate was com-
pulsory before replacing the parent aggregate with substitute aggregate. Partial replacement of such
aggregates would prevent the usage of natural aggregates which are in the zone of depletion, thus pro-
tecting the natural resources and reducing landfilling of mine wastes.

� 2016 Elsevier Ltd. All rights reserved.

1. Introduction

Aggregates are generally inert granular materials which con-
tribute most towards the strength of overall concrete. Variation
in aggregate type affects the strength of the final concrete pro-
duced. However sandstone being a sedimentary type of rock might

have lesser contribution to concrete strength when compared to
natural aggregates. The residual mechanical behaviour of the con-
crete varies depending on the type of aggregate and thereby it
becomes important to understand the chemical and mineralogical
characteristics of aggregates before put up into real use of concrete
applications. For a high strength concrete, the coarse aggregate
type has an apparently contradicting influence on strength and
elastic modulus of high strength concrete and they play a vital role
on drying shrinkage property [1–4].
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In this regard an attempt has been made to study the primary
tests that has to done before utilising quartz sandstone as a partial
replacement for coarse aggregates in cement concrete which
would contribute towards saving of natural aggregates which are
scarce in the surrounding environment.

2. Literature review

Sandstone being a sedimentary material is affected by influence
ofmoistureandmoisture is known todecrease themechanical prop-
erties of brittle construction materials. Porosity plays a central role
in the compressional behaviour of granites and sandstones [5,6].

Abrasion resistance of the resulting concrete mainly depends
upon the properties of the concrete and there is no direct correla-
tion exists between the L.A. abrasion of aggregates and the abra-
sion resistance of resulting concrete [7].

Van Vliet and Van Mier [8] studied the size effect of strength
and fracture energy of concrete and sandstone. It has been recog-
nised for ages that the size effect can have a significant effect on
the nominal strength. Thus sandstone of different sizes used in
concrete would have a varying effect on its corresponding strength
and further implies the importance for proper grading of these
aggregates when used in concrete.

Microstructure of concrete is one the important parameters that
contribute towards the strength property. Compressive strength of
a bio-sandstone could increase if the bottom region of microstruc-
ture being dense and less fragile than the top region [9].

Sandstones tend to vary in composition and contribute differ-
ently towards the compressive strengths. Clay content in sand-
stone approximately reduces the compressive strength of
concrete to about 40–50% and presence of carbonate in sandstones
have a better bonding between cement and aggregate than those
containing clay particles [10].

The construction industry is one of the most important eco-
nomic sectors in most countries, involving a great flux of material
and human resources. As the population increases and a propor-
tional increase of the consumption of natural resources and energy
occur. Furthermore, it is responsible for a very significant use of
natural resources, causing societal concerns inherent to their
exhaustion. The incidence of increasing rate of natural resource
depletion coupled with the high cost associated with some of the
traditionally used aggregates calls for the use of new, abundant
and cheap materials [11–13]. Sandstones tend to have low com-
pressive strength than natural aggregates and have a scattered
variance on its mechanical properties and are very sensitive to
time dependent mechanical deterioration. Sandstones tend to per-
form well in dry conditions but in wet conditions it is poor when
used for unbound forest roads [14,15].

Sandstones were obtained from Dholpur mine wastes, eastern
most part of Rajasthan and the aggregates were checked for vari-
ous properties like apparent specific gravity, water absorption,
wear, modulus of rupture and compressive strength. These aggre-
gates were crushed to get the desired grading to make it usable as a
replacement for natural coarse aggregate. The fine particles while
crushing were removed using a blower and the size of aggregates
was maintained uniformly.

3. Material properties and preparation of test samples

The properties of materials and methods of preparations of test specimens are
given below.

3.1. Raw materials

Ordinary Portland cement of grade 43, conforming to IS 8112: 1989 [16] was
used (specific gravity 3.15, normal consistency 32%, initial setting time 66 min
and final setting time 164 min). Natural river sand confirming to zone II as per IS

383: 1970 [17] (void content 34% as per ASTM C 29/C 29M: 2009 [18], specific grav-
ity 2.63, free surface moisture 1% and fineness modulus 2.83). Coarse aggregates,
10 mm size (fineness modulus 6.08) and 20 mm size (fineness modulus 7.22)
crushed stone were used as coarse aggregates with an average specific gravity
2.64. Quartz sandstone coarse aggregate, 10 mm size (fineness modulus 6.04) and
25 mm size (fineness modulus 7.24) were used as partial replacement for coarse
aggregates with an average specific gravity of 2.45. The particle size distributions
of aggregates are shown in Fig. 1 and cement properties in Table 1.

3.2. Preparation of test specimens

To investigate the suitability of quartz sandstone as a substitute for coarse
aggregates in concrete, a preliminary study involving compressive strength results
for different gradation of combined aggregates were done individually for natural
and quartz sandstone aggregates in concrete. M30 concrete grade was designed
as per IS 10262:2010 [19] with water cement ratio of 0.38 and 0.4. Based on com-
bined aggregate gradation, compressive strength of concrete containing both the
aggregates (natural and quartz sandstone aggregates) are studied individually. In
order to maintain a consistent workability for all the mixes, super plasticiser was
used to keep C.F above 0.85. Cubes of 100 mm � 100 mm � 100 mm were casted
for compressive strength. (7 and 28 days). Indoor temperature was about 25–
30 �C during the complete period of casting and compaction factor test was used
to determine the workability of fresh concrete. Curing was done in a water tank
with a controlled temperature of 25–27 �C. Compressive Strength test was done
according to IS specifications.

3.3. Combined gradation of coarse aggregates

Gradation is one of the important parameters for finding out the exact ratio of
mixing different size of aggregates together. IS 383:1970 [17] gives the grading
limit of coarse aggregates for maximum sizes of aggregates 40, 20 and 16. However
the maximum size of aggregate obtained was 25 mm so the values were interpo-
lated to get the exact size of grading for quartz sandstone. The expected value of
percentage passing of general aggregate corresponding to size 25 mm are given
in Table 2. Percentage passing for combined ratios of natural aggregates in given
in Table 3 and for quartz sandstone in Table 4.

4. Laboratory testing program

The testing procedure adopted for finding workability, analys-
ing microstructure, chemical composition by XRD, clay content
using methylene blue test are mentioned below.

4.1. Workability of concrete for different proportions of coarse
aggregate

Workability of fresh concrete was tested using a compaction
factor apparatus as per IS 1199:1959 [20]. Effectiveness of concret-
ing depends on the ease at which concrete can be placed, com-
pacted and finished. Aggregate characteristics affect the water
required for a given consistency and sandstone aggregates tend
to have higher water absorption than the natural aggregates and
water requirement to maintain the same workability is a tedious
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Fig. 1. Particle size distribution of aggregates (natural coarse, natural fine and
quartz sandstone coarse).
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