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Strength and Workability Properties of
Concrete Replaced by Quarry Dust and GGBS
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ABSTRACT:As part of this investigation, crushed sandstone powder was tried as an alternative to sand in concrete.
For testing the influence of substituting ordinary sand with quarry dust on the workability, compressive quality, burst
quality, water retention, sorption capacity and rapid chloride particle penetrability of concrete, it was required to
introduce the quarry dust into the concrete in varied degrees. It was also determined that quarry clean, as an alternative
to regular silt, might modify the pond cement stage and concrete microstructure. Sandstone powder that is formed
throughout the manufacturing process is an effective alternative for river sand in concrete, according to test
results.Quarry dust will make working with concrete more difficult when more natural sand is substituted for it. The
fine aggregate's specific surface area continues to grow as a consequence of the tiny particles contained in quarry dust
and the angular shape that the quarry dust particles have. There is a strong correlation between the amount of water
used and the difficulty of working with the concrete. Hooray. Concrete mixtures including sand replacements for up to
half of the total volume, according to Hostudyver, might be used in structural components because of their workability.
The total thickness of the concrete is increased by mixing in sandstone powder. With the addition of 40 percent sand,
we saw the most noticeable rise in the thickness of the concrete. When compared to the control mixture, this quantity of
sand replacement increased the thickness by 4%. The filling effect of fine smouldered silica in building a thick
structure and the high specific gravity of smouldered silica in contrast to regular sand are the reasons for increasing
concrete thickness.

KEYWORDS: Crushed sandstone, Burst Quality, Water Retention, Sorption Capacity, Quick Chloride
L. INTRODUCTION

Concrete is the material that is used for construction the most everywhere in the world. Depending on its intended
purpose, it can be constructed out of a variety of ready-made building block components, such as cement, water, coarse
aggregate, fine aggregate, aggregate, fibre, and other additives. These components make up the material. It is a
composite material, not all of which have the same properties. When you combine all of these components, you will
end up with a mass of liquid that can be moulded into virtually any shape imaginable. After the cement has had
sufficient time to set, it will combine with the other components to produce a dense matrix. Concrete is a hardy material
that has the appearance of stone because of the matrix that it is composed of. Concrete is a common building material
that is utilised frequently in the construction industry because it is adaptable, dependable, and long-lasting. It is
efficient, effective, strong, and inexpensive. It is also rigid, long-lasting, and easy to shape. For thousands of years,
people have been making floors that are works of art out of concrete, and this practise continues today. The demand for
concrete is increasing at an alarming rate all over the world as a direct result of the ongoing expansion of the
construction industry, which includes the construction of new homes. According to a report published by the United
Nations Environment Program, each year there are 15 billion tonnes of concrete produced across the globe. A
significant amount of natural resources are required for the production of aggregates and cement. For example, the
amount of cement that is used around the world has tripled from 2.43 billion tonnes in 2004 to 4.7 billion tonnes in
2018. This increase occurred between the years 2004 and 2018. This is primarily attributable to the rapid economic
growth seen in Asia. In 2018, China was responsible for producing almost sixty percent of the world's total cement
output. The fine and coarse aggregates, which together account for sixty percent of the volume of concrete, have a
significant impact on the characteristics of freshly mixed and hardened concrete, as well as the quantity of water
required to produce it and the price of the finished product. Crushed stone and gravel are frequently used in concrete,
both of which serve as coarse aggregate. Both natural sand and river sand are frequently utilised for use in the
production of fine aggregate. Sand in a river or stream may be a granular fabric made of finely ground minerals and
rocks that are found in nature. The typical things that can be found in a stream are determined by the origin of the rocks
and the state in which they are found. Sand derived from the stream can be used to produce additional sand for the
claim. Sand is typically composed of silicic acid, which is also known as silicon dioxide. Although it most commonly
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takes the form of quartz, sand can be made up of a wide variety of different substances. Due to the fact that it is both
chemically inactive and exceptionally challenging, it is the most commonly found mineral in weathered form. Sand
obtained from waterways and floodplains is an important construction material that can be used in a variety of different
applications. Sand and rock from streams, both of which are essential ingredients in the production of concrete, are
therefore in high demand in a variety of locations across the globe. Sand and rock from streams that are of a high
quality are quickly becoming scarce. According to the report "Sand-rarer than you think" that was published by the
United Nations Environment Program (UNEP) in March of 2016, it was found that sand and rock are utilised much
more rapidly than they can be supplanted and are the most utilised materials on Soil.

As a standard asset, water's significance to our daily lives is gradually waning. Sand and rock are the most common
types of materials that are mined, accounting for the majority of total annual production of between 50 and 60 billion
tonnes of materials. It is anticipated that between 27.9 billion and 39.6 billion tonnes of concrete will be used
collectively across the globe in the year 2010. When totals for blacktop, concrete asphalt, and other mechanical
components are taken into account, the number could approach 40 billion tonnes annually. It is not possible to gather
and use this enormous quantity of material without causing some kind of damage to the natural world in the process.
Sand mining is the process of extracting sand from the shores of various bodies of water, including rivers, lakes, and
other types of bodies of water. Large quarries can also excavate sand from riverbeds, shorelines, and inland hills, in
addition to providing another source of sand extraction. When you dig beneath a riverbed, you change the contours of
the riverbed itself as well as the river channel.

Erosion of the embankment and B. Bedbed, etc. A direct loss of sand occurs as a result of changes in the shape and
slope of the floor, and these changes cause the sand to be carried away from the river. This can result in rivers and
estuaries becoming deeper, estuaries and coastal coves becoming wider, and saltwater from nearby bodies of water
entering into the river and estuary system. Bridges, riverbanks, and other structures are all in danger as a result of the
flooding. The sediments and organic particles at the mining site are then agitated, which results in an increase in
turbidity for a brief period of time. The problem is made much worse by oil leaks and spills caused by mining
equipment and automobiles. People who use water are directly impacted by suspended solids because they drive up the
cost of treating water and threaten aquatic habitats. Suspended solids also pose a threat to aquatic ecosystems. The
removal of sand transforms the riverbed into enormous, deep holes, which lowers the water table in the wells in the
surrounding area and makes it more difficult to obtain groundwater in the area. The level of stability of sand and gravel
floors is influenced by a number of factors, including the direction of channel flow, the rate of sedimentation, and the
shape of the channel.

II. CASTING OF SAMPLES AND INGREDIENT MIXING

2.1 Mixture of Ingredients

All concrete blends studyre arranged and blended utilizing an exploratory drum blender. A drum blender may be a
mechanical gadget that Subsequently, the essential water rectifications studyre made earlier to the blending handle. All
fixings, counting cement, coarse total, fine total and water, study restudyighed inside 1.0 grams. I utilized a drum
blender. To begin with, the coarse and fine totals studyre totally dry-mixed. The cement was at that point included to
the drum blender and pivoted until a uniform mass was accomplished. At last, water was included gradually and
carefully to dodge water misfortune amid the blending handle. The drum blender was turned until it was equally
colored and had a reliable mass of concrete. Extraordinary care was taken all through the method to guarantee that all
fixings studyre blended appropriately. All concrete blends studyre tried for their workability in no time after the
conclusion of the blending handle.

2.2 Preparation for Sample

1. Before combining the concrete's constituent parts, all moulds are expertly cleaned and lubricated. Before casting,
they were correctly tightened to the proper readings in the studies. The muck was kept from escaping by taking great
care not to leave any openings. Using a vibrating table, the concrete sample was compacted into two layers. The
concrete sample was poured, then left in the pouring room for around 24 hours before being taken out of the mould and
put in a hardening tank. The test items used to conduct the various tests are listed below.
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2.3 Procedures for Test

Workability

The droop test is the foremost widely utilized test within the world to decide the workability of concrete within the
development division. The droop test was utilized to evaluate the workability of concrete agreeing to the Indian
standard details of BIS 1199 1959. A cone shaped trapezoid with a foot distance across of 200 mm, a best distance
across of 100 mm and a stature of 300 mm was filled with four around rise to layers, each layer being 25 strokes heated
with a standard hardening bar.

Fig.2.3 Test of Concrete slum

smoothing the surface, the froth was lifted vertically and expelled to settle the concrete. The distinction betstudyen the
stature of the formwork and the most elevated point of the lostudyred concrete square is indicated as the droop (mm)
amid the workability test.

2.4 Compression Power

A compression tester (CTM) with a capacity of 5000 kN was used to test the strength. The sample was positioned in the
middle of the CTM bearing plate, and a speed of 140 kg/cm2/min was used to constantly and evenly apply the load.
The maximum load that each sample could withstand was recorded as the load increased until a sample failed.

Fig .2.4 The Compressive Strength Test on Machine

To compute the compressive strength, compressive quality (N / mm2) P = most extreme cubic stack (N) A = cubic
cross-sectional range The comes about of the (mm2) compressive quality test studyre communicated as the normal
compressive quality of the three tests after 7, 28, and 90 days for each N / mm2 concrete blend.

2.5 Density of Concrete

The computation of the structure's studyight is impacted by the concrete's density, hence it is significant. For the 150
mm x 150 mm x 150 mm cube sample used for the compressive strength test, 1 day-concrete density, use a volume to
determine the masses of three random cubes.Where = concrete density (kg/m3), = M / VM = 150 mm, 150 mm, and
150 mm. Square mass (kg)Cube volume = V (m3)

2.6 Splitting tensile Strength

To prevent cracks in the tension zone, the tensile strength of the concrete must be determined because it is compressible
but tensile. An indirect method to assess the tensile strength of concrete is to split it. The split tensile test was
conducted in accordance with the The split strength of concrete was assessed after 7, 28, and 90 days. To guarantee
appropriate hardening, the disassembled concrete sample was put in a hardening tank 24 hours after injection. A
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compression tester (CTM) with a capacity of 5000 kN was used to test the material's compressive strength.Each split
tensile strength test piece was positioned in the centre of the CTM bearing plate, as illustrated in Fig . 3.4, The load
rates used in the study ranged from 1.2 N/mm2 / min to 2.4 N/mm2 / min and were applied continuously and
uniformly. The maximum load for each sample was measured after the load was increased until the samples broke in a
vertical plane. The following formula was used to compute the split strength: ost = 2P / DL st stands for split strength
(N/mm?2).P is the highest cylinder load (N) cylinder diameter is D. (mm)L = Cylinder length (mm)results of a split
strength test was calculated as the three specimens' average split strength at 7, 28, and 90 days for each N/mm?2
concrete mixture.

T gpm——

Fig.2.6 Concrete Splitting Tensile Strength Test

2.7 Absorption of water

The permeable structure is exceptionally imperative in deciding the strength of concrete. The water assimilation of
concrete could be a degree of the thickness of the concrete microstructure. Water retention of concrete was measured at
different ages utilizing the ASTM C642-13 method. The shape and measure of the sample for the water retention test
isn't indicated within the standard strategy. Hostudyver, the volume of each test ought to be at slightest 350 cm3, the
studyight ought to surpass 800 g, and each portion ought to be free of surface breaks, splits and chipped edges. Water
assimilation tests studyre conducted 7 and 28 days afterward.
70.6mm70.6mm70.6mm70.6mm70.6mm70.6mm70.6mm?70.6mm?70.6mm70.6mm70.6mm70.6mm70.6mm70.6mm?70.
6mm70.6mm70.6mm70.6mm70.6mm Stove dry mass and immersed mass ASTM C642- It is calculated concurring to
13 strategies. The taking after equation was utilized to calculate the water assimilation of concrete. Here,retention rate
after inundation ( % ) =((B — A) / A x 100 B = broiler drying mass of test piece in discuss (g)) A = surface drying test
after inundation in discuss As a result of the piece mass (g) Water retention test, the normal water retention rates of the
three test pieces after 28 days, 7 days and 28 days of each concrete blend studyre as takes after Given in % .

1.8 Sorptivity

For concrete to last for a long time, fluid must flow via the connecting pores. The ASTM C1585-04 method was used
to gauge concrete's absorbency. Water absorption experiments were conducted on typical 100 mm diameter x 50 mm
height cylindrical specimens on days 7 and 28 following a 28-day curing process. Each sample was prepared in
accordance with the steps outlined in ASTM C1585-04. Epoxy was used to seal the sample study's sides, and tape was
used to cover the curved outer surface. Each sample's initial mass was determined and noted. A schematic
representation of the experimental strategy is shown in Fig . 3.5. I started the stopwatch after determining the sample's
mass and submerging it in water.At each predetermined time interval, the sample was lifted, the water contact surface
was dried using a tostudyl, and the mass was recorded.The water absorption rate I was computed to ascertain the
sorption capacity of a concrete test piece by multiplying the change in mass of the test piece by the cross-sectional area
of the test piece and the density of water. For this purpose, water has a density of 0.001 g/mm3, which is measured in
mm3 or mm2.Where [ = mt/ (a * d)(mm3 / mm2 or mm) = I = Absorption rateMt = Change in sample mass over time t
(g), a = Sample exposed area (mm2), and d = Water density (g/mm3)The slope of the curve was identified. The slope of
the curve is determined by the adsorption rate measured at mm3 / mm?2 / min0.5 or mm / min0.5. The average of the
sorption characteristics of the two samples after 7 and 28 days following the initial 28 days of hardening was used to
express the sorption test findings for each concrete mixture.
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Fig .2.8 Test for Sorptivity of Concrete Samples

1.9 Permeability Experiment

This experiment employment the electrical conductance of the concrete test to decide its toughness. Chloride particle
quickened penetrability tests studyre performed agreeing to ASTM C1202-97. The quickened chloride particle
porousness test was performed after 28 days on a round and hollow standard test with a breadth of 100 mm and a
tallness of 50 mm. Each test was prepared according to the ASTM C1202-97 method. Within the standard setting, each
test was set betstudyen the two arrangements. Utilize a 3 % NaCl arrangement on one side and a 0.3 N NaOH
arrangement on the other side to apply a potential distinction of 60V betstudyen the two terminals. Fig . 3.6 appears the
test setup. After 6 hours, the full charge exchanged by Coulomb was recorded. As a result of the quick chloride particle
penetrability test, the normal charge of Coulomb passed through the two tests after 28 days was detailed.

Fig .2.9 Chloride-ion Permeability test

TABLE 2.1Permeability of Chloride-ion

C:‘é:ﬁleol::;:)ed Chloride-ion Permeability
= 4000 High
2000 —-4000 Moderate
1000- 2000 Low
100 — 1000 Very Low
<100 Negligible

3.5.8X-ray Diffraction

The technique used to identify qualitative and quantitative changes in the cement phase when new materials are
substituted for cement or fine aggregate. The main goal is to examine the effects of replacing cement or fine aggregate
with a new substance on cement hydration. In the 28-day and 90-day compressive strength testing, concrete samples
from the cube core research were gathered for X-ray diffraction studies. The cement paste was removed from the coarse
aggregate and then ground into a powder. The portion of the fine powder that made it through the sieve and passed 60
microns was then used for the X-ray diffraction test. The fine powder was next sorted through a 60-micron sieve.
Utilizing Cuk radiation (= 1.54) and a diffraction angle range of 10 ° to 80 ° in steps of 2 = 0.013 °, X-ray diffraction
patterns were studied and recorded on an X-ray diffractometer. The study identified the different phases present in the
cement paste after 28 and 90 days by utilising the software tool "X Pert High Score Plus" to analyse the peaks of the X-
ray diffraction pattern.3.5.9 Scanning Electron Microscope (SEM)The distinctive miniaturized scale basic changes in
concrete that happened when quarry dust was used as a fractional substitution for concrete were examined utilizing
SEM innovation. At the 28-day and 90-day compressive quality tests, concrete tests from the 3d shape center inquire
about were collected for filtering electron microscopy (SEM) investigation. These concrete chunks are inspected at
different amplifications after 28 and 90 days in arrange to look at the microstructure of each concrete blend.
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II. RESULTS ANALYSIS

This chapter summarises and reports the findings of numerous experimental research. In the first section, Cement
mortar cubes underwent physical examinations to determine their fineness, consistency, hardness, initial and final cure
times, specific density, and compressive strength. For coarse aggregate with nominal diameters of 20 mm and 10 mm,
it was assessed for sieve analysis, bulk density, and water absorption. In the tests done on the fine aggregate, sieve
analysis, silt content, bulk density, and water absorption studies were all done. In the part after, the dosage of various
concrete mixtures is shown along with the design of the M30 concrete mixture. The combined aggregate has also been
evaluated overall. Permeability, density, and different tests are carried out when sand quarry dust is substituted for
natural sand at percentages of 10, 20, 30, 40, and 50%. The numerous mineralogical and micro structural changes
brought on by substituting quarry dust for natural sand are also studied using scanning electron microscopy (SEM) and
X-ray diffraction (XRD).

3.1Raw Materials' Characteristics

3.1.1 Cement

All concrete blends studyre made utilizing Ultra Tech Cement Restricted review 43 conventional Portland cement
(OPC 43). There studyre no difficult protuberances within the cement and the color was reliable.

Table 3.1 demonstrates cement's physical characteristics.

i i Specification as per

: Test Result
Physical Requirement est Resn IS 8112:1989
Fineness (% retained on 90 micron sieve) 1.5 10.0 Max.
Soundness (Le-Chatlier expansion in mm) 1.0 10.0 Max.
Standard Consistency (%) 273
Setting Times (minutes)
InitialSetting Time 163 30 Mm.
Fmal Setting Time 237 600 Max.
Compressive Strength (MPa)
3days=1lh 2625 23 Min.
7days=2h 36.88 33 Min.
28days=4h 4842 43 Min.
Specific Gravity 3.14

3.1.2 The Aggregate Course
An aggregate with a nominal size of 20 mm and an aggregate with a nominal size of 10 mm are combined with coarse
mixture.
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TABLE 3.2The Coarse Aggregate Properties

Test Result
EhysicalTropexty 20mm Nominal Size Coarse | 10mm Nominal Size Coarse
Aggregate Aggregate
Specific Gravity 2.66 2.64
Water Absorption (%0) 0.33 0.64
Bulk Density (kg/m™) 1640 1390
Mossture Content Nil Nil

III. CONCLUSIONS

This exploratory consider was conducted to explore the reasonableness of pulverized sandstone powder as a fractional
substitution for characteristic sand in concrete. Workability, compressive quality, burst quality, water retention,
sorption capacity, and quick chloride particle penetrability of concrete have been tried by supplanting common sand
with quarry dust at different extents inside the concrete. XRD and SEM investigation was moreover performed on
ponder cement stage changes and concrete microstructure, counting quarry clean as a fractional elective to common
sand. rice field. Test comes about appear that pulverized sandstone powder, an mechanical by-product, is an amazing
elective to characteristic sand in concrete.
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