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Abstract: The main aim of this project is to found a suitable alternative for the natural river sand, which is reaching

maximum level of scarcity. M-sand is used along with the addition of natural basalt fibres in to the concrete. In this study,

the experimental investigation on basalt fibre silica fume concrete (BFSFC) was discussed. The variables of study include

the Basalt fibre content (0.25%, 0.3%, 0.35% and 0.4%). The 30% of quarry dust as replacement for sand and 10% of Silica

fume as cement replacement are incorporated in all the concrete mix proportions considered in this study. The test

results indicate that physical properties of materials such as sieve analysis, specific gravity and water absorption. The mix

design is done for the grade of M30 concrete. The mechanical properties of concrete such as compressive strength, split

tensile strength and flexural strength will be obtained and the strength of control concrete and basalt fibre silica fume

concrete will be compared.

Keywords: Basalt fibre, Silica fume, Quarry dust, Compressive strength, Split tensile strength

INTRODUCTION

The rapid development of modern society has increased the demand for high-performance geo-materials. As an advanced
cementitious composite, fiber-reinforced concrete has attracted much attention and has been widely applied to various
buildings and civil infrastructure. A basalt fiber-reinforced concrete is proposed as an advanced geo-material and the
mechanical and thermal properties were investigated in this study. The basalt fiber-reinforced concrete was compared
with ordinary concrete to confirm its superiority by determination of the physical parameters, static compressive test,
and dynamic compressive test. Fibres are used in concrete to improve its structural integrity. Nowadays, among all basalt
fibres, an inert mineral fibre is gaining more importance due to its exceptional properties, which include resistance to
corrosion and low thermal conductivity. It also improves tensile strength, flexural strength and toughness of concrete. It
can be used to extend the life of important concrete structures such as nuclear power plants, highways, bridges and
runways.
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Basalt fibre in concrete is still an exploratory area due to limited studies. Therefore, a systematic study on basalt fibre-
reinforced concrete was carried out with percentage volume fraction of fibre 0.50 (13.0 kg/m?), 0.75 (19.5 kg/m?®) and
[.00 (26.0 kg/m?). In addition, basalt fibre is found to be amorphous and hydrophilic in nature. Fibre-reinforcement is
predominantly used for crack control and not structural strengthening. Although the concept of reinforcing brittle
materials with fibres is quite old, the recent interest in reinforcing cement-based materials with randomly distributed
fibres is quite old; the recent interest in reinforcing cement based materials with randomly distributed fibres is based on
research starting in the 1960's. Since then, there have been substantial research and development activities throughout
the world. It has been established that the addition of randomly distributed Basalt fibres to brittle cement based materials
can increase their fracture toughness, ductility and impact resistance. Since fibres can be premixed in a conventional
manner, the concept of Basalt fibre concrete has added an extra dimension to concrete construction. The results showed
that compressive strength did not change significantly, but tensile strength had an increase of about 80 percent.
Segregation evaluated the stability of Basalt fibres in environments aggressive to cement based materials. The objective of
this study is to study the physical properties of materials. To study the mix design. To reduce the environmental
degradation and the cost of disposal of the wastes, thereby utilizing it effectively in concrete. The scope of the project is
strength and cost savings of basalt fibre and silica fume proves that to be a better material than various other
supplementary materials which involve higher transport cost.

2. LITERATURE REVIEW
Lie, Nagy et al. carried out an experiment with regard to the thermal performance of concrete, including the thermal
conductivity, density, and specific heat capacity. It was found that the changes of concretes’ thermal conductivities were
mainly determined by the density of concrete.
Nagy, Liang et al. regarded steel-fiber concrete as a compound material consisting of concrete matrix and fibers and
simulated its thermal conductivity by using the finite-element method. They found that the addition of steel fiber
significantly impacted the distributions of the heat flux and temperature. The effect of the fiber diameter on thermal
conductivity is greater than that of the fiber length.
Zheng, Aslani et al. summarized the effects of high temperatures on the compressive strength, tensile strength, flexural
strength, elastic modulus, peak strain, and stress—strain curves of steel-fiber concrete based on a large number of studies.
Further, they proposed the constitutive model.
Zheng et al. added glass fiber, polypropylene fiber, and polyacrylonitrile fiber into concrete and investigated its axial
compression performance. His research found that the axial compressive strength of concrete increases first and then
decreases while the peak strain increases continuously.
Huang et al. added steel fiber into ultra-high-performance concrete (UHPC) and found that both the tensile strength
and strain of UHPC are enhanced with the increase of the fiber content. Besides, the number of cracks on the surface of
the specimen increased simultaneously.
Kodur et al. (2003) observed the strength change of concrete with and without the addition of fiber into concrete after
it was exposed to high temperatures. They found that concrete with fiber effectively enhanced the fire resistance. At the
same temperature, the strength of fiber concrete is greater than that of plain concrete. Many researchers have reached a
similar conclusion in that the material strength, ductility, and impact resistance can be significantly improved by adding
randomly distributed steel fibers into concrete.
Ren, xue et al. (2016) found that an increasing temperature generally leads to a decrease in the dynamic strength and
impact toughness of basalt fiber-reinforced concrete for a given impact velocity, while the dynamic strength and impact
toughness increase with the impact velocity for a given temperature.
Rana. A. Mtasher, Dr. Abdulnasser M. Abbas & Najaat H. Neema, Strength prediction of Basalt fibre reinforced
concrete. The main purpose of this investigation is to study the effects of Basalt fibre on the compressive and flexural
strength of normal weight concrete. Four mixes used Basalt fibre weight with 0.4, 0.8, 1.0 and 1.5% of cement content.
To provide a basis for comparison, reference specimens were cast without Basalt fibre. The test results showed that the
increase of mechanical properties (compressive and flexural strength) resulting from added of Basalt fibre was relatively
high. The increase was about 64 percent for compressive strength, while, in flexural strength was about 55.5 percent.
Bhavink. Kashiyani, Jayesh kumar Pitroda, Innovative addition of Basalt fibre in interlocking paver block to improve
compressive strength. This test results indicate that by the addition of PPF in the top layerby 0.4% it gives maximum
strength at 7,14,28 days and minimum water absorption.

Naser Kabashi, Cene Krasniqi, The effects of Basalt fibres on flexural performance of reinforced concrete (RC)
beams are the main objectives of this experimental study. The study includes a three-point-load experimental
beam-bending tests of three conventional RC beams (referent beams) and three RC beams with Basalt fibres. For
experimental examinations in this paper are present the flexural behaviour of concrete beams, and reinforced with 0.2%
Basalt fibres by volume. The test results indicate that compressive strength of concrete increases with increasing
percentage of fibres. There has been a significant increase in flexural and shear strength of RC beams reinforced with
Basalt fibres. During the analyses the use of combination of only 0.2% Basalt fibres and conventional steel reinforcement
increased the ultimate load caring capacity of 13%, flexural ductility of 36%, and flexural toughness of 46 % and decreased
the crack numbers of 100%, and widths compared to beam reinforced only with steel bars.
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3. MATERIAL AND METHODS
Basalt Fibre

Basalt fiber is a material derived from the natural volcanic rock called basalt. It is made by melting the basalt rock at high
temperatures and then extruding it into thin fibers. These fibers are then processed further to create various products
for different applications. Basalt fibers are gaining popularity as a reinforcement material in concrete due to their high
tensile strength, resistance to corrosion, and non-conductivity. When added to concrete, basalt fibers enhance its
mechanical properties and durability. Basalt fibers are often used as a replacement or supplement to traditional steel
reinforcement in concrete structures. These fibers are added to the concrete mix to improve its tensile strength and
resistance to cracking. Basalt fiber reinforced concrete (BFRC) can be particularly useful in applications where steel
reinforcement may corrode, such as in marine environments or structures exposed to harsh chemicals. The addition of
basalt fibers can help control plastic shrinkage cracking and reduce the formation of cracks due to thermal expansion and
contraction. This leads to improved durability and longevity of concrete structures. Basalt fibers enhance the flexural
strength of concrete, making it more resistant to bending and deformation. This is particularly advantageous in
applications where the concrete is subjected to bending loads, such as in bridges, pavements, and precast concrete
elements. Unlike steel reinforcement, basalt fibers are non-corrosive, making them suitable for use in environments
where corrosion is a concern, such as in marine structures or chemical processing facilities. Basalt fibers offer a
combination of high strength, durability, heat resistance, and environmental friendliness, making them a desirable material
for various engineering and manufacturing applications.

Silica Fume

Silica fume, also known as microsilica, is a byproduct of the production of silicon metals and ferrosilicon alloys in the
smelting process of raw materials like quartz and coal in electric arc furnaces. It is an extremely fine amorphous powder
composed of spherical particles with a high surface area. Silica fume is highly reactive due to its small particle size and high
silica content. When added to concrete, it reacts with calcium hydroxide (a byproduct of cement hydration) to form
additional calcium silicate hydrates (C-S-H) gel, which enhances the strength and durability of concrete. Silica fume
significantly improves the compressive strength, flexural strength, and abrasion resistance of concrete. It contributes to
the densification of the cementitious matrix, resulting in a more compact and stronger concrete. The addition of silica
fume reduces the permeability of concrete by filling in the voids and capillary pores within the cement paste. Silica fume is
a recycled industrial byproduct, which contributes to its environmental sustainability. By utilizing silica fume in concrete
production, the disposal of this material is reduced, and the overall environmental footprint of concrete is minimized.
silica fume is a valuable supplementary cementitious material that offers numerous benefits in enhancing the strength,
durability, and performance of concrete in a wide range of applications, including high-rise buildings, bridges, marine
structures. The reduced heat of hydration and improved thermal properties of silica fume-modified concrete minimize the
risk of thermal cracking in mass concrete structures. Silica fume improves the compressive, flexural, and tensile strength
of concrete.

SILICA FUME (WHITE)  SILICA FUME (GREY)
Figure 2: Silica Fume
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Quarry Dust

Quarry dust, also known as stone dust or crusher dust, is a byproduct of quarrying operations. It consists of particles of
rock and stone that are crushed and screened to specific sizes. Quarry dust is typically produced during the extraction
and crushing process of hard rock quarries. Quarry dust typically consists of particles ranging from fine dust to small
stones. The particle size distribution can vary depending on the crushing process and the type of rock being quarried.
Quarry dust can be used as a partial replacement for fine aggregates (sand) in concrete production. It helps to improve
the workability of concrete mixes and can also enhance certain properties such as compressive strength and durability.
Quarry dust can be mixed with gravel or crushed stone to create a stable road base or sub-base material. Its binding
properties help to improve the strength and stability of road surfaces. Quarry dust can be used as a filling material in
construction projects, such as backfilling trenches or excavated areas. Its compact nature makes it suitable for filling voids
and providing support in various applications. The use of quarry dust as a partial replacement for fine aggregates can
enhance the compressive, flexural, and tensile strengths of concrete. Quarry dust particles fill the voids between coarse
aggregate particles more effectively, resulting in denser concrete with improved mechanical properties. Utilizing quarry
dust in concrete reduces the demand for natural sand, which helps to preserve natural resources and minimize the
environmental impact of sand extraction from riverbeds and quarries. It also reduces the disposal of quarry dust as waste,
promoting sustainable waste management practices. Using quarry dust as a partial replacement for sand in concrete can
result in cost savings, as quarry dust is often available at lower costs compared to natural sand. This can be particularly
beneficial in large-scale construction projects where cost optimization is essential.

 Figure 3: Jé?f Dust
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4. MIX DESIGN
TableNo.I: Mix proportions (Conventional Concrete)

Cement FA CA Woater
425.73kg/m’ 615.09kg/ m*® 1182.42kg/ m’ 191.58lit/ m’
I .44 2.77 0.45
Table No.2: Mix proportion for Basalt fibre with Silica Fume concrete
Cement Silica  Fume FA CA Water BF
383.15kg 42.57 kg 596.85 kg | 1146.37 kg| 191.58 lit 1.702 kg
I 1.40 2.69 0.45 0.0039

5. TEST RESULTS AND DISCUSSION

Determination of Particle Size Distribution of Sand and M-Sand

As per IS: 383-1970, this test was conducted to determine the grading limit and obtain the particle size distribution of the
fine aggregate that is fineness modulus. IS sieves are used in this test. The sieves are arranged in the order of 4.75mm,
2.36mm, |.18mm, 600y, 300y, 150y, and pan from top to bottom. Fineness modulus of sand observed is 3.20 and M-sand
is 2.92. Sand having fineness modulus less than 3.2 is suitable for making concrete. As per IS: 383-1970 specifications, the
given sand conforms to grading zone II.

Table No.3: Particle size distribution test results

Materials Fineness modulus Grading zone
Sand 3.20 Zonelll
M-Sand 292 Zonelll

Determination of Specific Gravity of Cement, Sand, M-Sand and Silica Fume

Specific gravity is defined as ratio of the weight in air of a given volume of soil solids at a constant temperature to the
weight in air of an equal volume of distilled water at a constant temperature. The aggregate specific gravity is a
dimensionless value used to determine the volume of fine aggregate in concrete mix design. Variation of specific gravity
reflects the porosity of the particles. The main use of specific gravity in the design of concrete mix is to calculate the yield
of concrete for the given proportion and to calculate the voids for the given aggregate. The determination of specific
gravity of sand and sludge was done according to IS: 2386 (Part Ill)-1963.

Table No.4 Specific Gravity test results

Materials Specific gravity Permissible limits
Cement 3.13
Sand 2.60
M-Sand 2.59 2.0 to 2.65
Silica fume 2.46
Basalt fibre 2.83

Determination of Bulk Density of Sand

The bulk density is the weight of material in a given volume and it is expressed in kilogram per liter. The test shall
normally be carried out on dry material when determining the voids. The bulk density is used in concrete mix design for
converting the proportions by weight into proportions by volume when weight batching is not available at the site. The
determination of bulk density of sand was done according to IS: 2386 (Part Ill)-1963.

Table 5. Bulk density test results

Bulk Density (kg/m’) Permissible limits (kg/m’)
Loose state Rodded state
1527.25 1611.44 1450 to 1650

Determination of Water Content

In general water that is fit for drinking is considered fit for making concrete. Water should be free from acids, oils, alkalis,
vegetables or other organic impurities. Soft water also produces weaker concrete. Water has mainly two functions in
concrete mix. Firstly, it causes a chemical reaction with the cement to form cement paste in which the inert aggregate is
held in suspension until the cement paste has hardened and secondly it acts as a lubricant in the mixture of fine aggregate
and cement.

Compressive strength

From the fig.(5), it can be noted that the compressive strength increases as the content of the silica fume and basalt fibre
increases. It shows that after curing period of 28 days, 5%, 10%, 15% and 20% of silica fume concrete gave 91%, 95%, 97%
and 100%of that of the control concrete strength respectively. It was found that by replacing 20% of silica fume to
concrete, increase in compressive strength is found. Beyond that level there was a considerable effect on compressive
strength as shown in fig.(5).
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Compressive Strength (N/mm?)

Fig. 5: Compressive strength result

Table 6: Compressive strength test results

. CS (N/mm? CS (N/mm? CS (N/mm?

S.No | Name Specimen 3(Days ) 7( B ) 2(8 v )
| A Conventional Concrete 25.38 30.52 32.52
2 B 30% of QD+10% of SF + 0.25% of BF 26.85 31.85 34.65
3 C 30% of QD+10% of SF + 0.3% of BF 26.92 33.65 36.48
4 D 30% of QD+10% of SF + 0.35% of BF 2741 35.68 37.77
5 E 30% of QD+10% of SF + 0.4% of BF 27.86 36.74 38.42

Flexural Strength

Flexural strength test was performed on 100mmx100mmX 400mm specimens cured for 7 and 28 days. Fig.6. shows the
flexural strength test results. It is evident that using silica fume and basalt fibre increase in the flexural strength in
comparison to control specimens. Fig (6), indicates that after curing period of 28 days, 5%, 10%, 15% and 20% of silica
fume concrete gave 82%, 86%, 94% and 100% of that of the control concrete strength respectively.

Table 7: Flexural strength test results

S.No | Name Specimen FS (N/mm?)7 Days FS (N/mm?) 28 Days
| A Conventional Concrete 5.12 5.68
2 B 30% of QD+10% of SF + 0.25% of BF 5.56 591
3 C 30% of QD+10% of SF + 0.3% of BF 5.78 6.42
4 D 30% of QD+10% of SF + 0.35% of BF 5.82 6.82
5 E 30% of QD+10% of SF + 0.4% of BF 5.98 6.92

FLEXURALSTRENGTH

Flexural Strength ( Mpa)

Fig. 6: Flexural strength result
Split tensile strength
A method of determining the tensile strength of concrete using a cylinder which splits across the vertical diameter.
Standard 150mm diameter and 300mm height cylinder was prepared for split tensile strength. Direct tensile strength of
concrete cannot be determined owing to difficulty in preparation of test specimen and in applying truly axial tensile load.
This test is an indirect method of finding out the tensile strength of concrete.
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It gives more uniform results than other tension tests. This test gives the value 5-12% greater than the actual tensile
strength of concrete. From the fig (7), it can be noted that the split tensile strength increases as the content of the silica
fume and basalt fibre increases.

Table 8: Split tensile strength test results

S.No | Name Specimen STS (N/mm?) 7 Days STS (N/mm?) 28 Days
I A Conventional Concrete 2.58 2.96
2 B 30% of QD+10% of SF + 0.25% of BF 292 3.85
3 C 30% of QD+10% of SF + 0.3% of BF 345 4.26
4 D 30% of QD+10% of SF + 0.35% of BF 3.83 4.85
5 E 30% of QD+10% of SF + 0.4% of BF 4.06 4.93

Split tensile strength for concrete (cylinder specimen)

SPLIT TENSILE STRENGTI

Split tensile
Strength(MPa) 25

Fig. 7: Split tensile strength result

CONCLUSION

The physical property of cement and silica fume was determined through various tests such as particle size distribution,

specific gravity bulk density, water absorption and found that the results were similar when compared to cement and so it

can be used in concrete as a partial replacement of cement. The compressive strength results showed that 0.3% of basalt

fibre and 10% of silica fume can be used as a cement replacement to concrete mix increase in compressive strength. By

increasing the basalt fibre as 0.4% in concrete samples, an increase in compressive, flexural and split tensile strength was

found in comparison to control concrete.
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