ISSN: 2633-4828| Vol. 5 No. S6, (Oct - Dec 2023)

International Journal of Applied Engineering & Technology

EXPLORING THE APPLICATION OF SILICA FUME AS AN ALTERNATIVE TO CEMENT IN
CONCRETE MIXTURES

Manjeet
Assistant Professor on Contract, Civil Department, UIET MDU
Email-dgr.manjeet15 @gmail.com

ABSTRACT

Over the last three decades, there have been significant advancements in the development of concrete as a
construction material, particularly in the realm of high-strength applications. One of the key materials at the
forefront of this development is Silica Fume (SF), a pozzolanic admixture that has gained global attention for its
ability to substantially enhance the properties of concrete when added in specific percentages. This study
investigates the efficacy of SF as a partial replacement for cement in concrete formulations. In light of the
continuous efforts to boost concrete's strength and durability, especially in environments prone to corrosion, the
adoption of high-performance concrete is advocated for structures demanding enhanced strength and longevity.
The integration of silica fume not only augments the mechanical properties of concrete but also its durability
characteristics. For this research, concrete batches were mixed with different ratios of silica fume—5%, 10%,
and 15% by aggregate volume. These specimens underwent rigorous testing to assess their compressive and
flexural strength. The results revealed that an increase in silica fume content correlates with improvements in
both compressive and flexural strength, highlighting silica fume's potential as a viable partial substitute for
cement in concrete, thereby elevating its overall performance and quality..
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1 INTRODUCTION

Leaving waste directly into the environment creates environmental problems. Therefore, emphasis has been
placed on recycling of waste products from various industries. Wastes can be recycled or used as mixtures to
maximize the use of natural resources and save environmental waste. Disposal of waste in nearby areas degrades
the soil's fertility. Silica fume, a byproduct of silicon or ferrosilicon production, serves as a synthetic pozolan. It
originates from the reduction of quartz with coal in an electric furnace. It comprises carbon, sulfur, and oxides of
various elements, including aluminum, iron, calcium, magnesium, sodium, and potassium. Unlike crystalline
silica, silica fume (also known as microsilica) has an amorphous structure, meaning it lacks a crystalline form.

Microsilica is an ultrafine powder created as a byproduct of making silicon and ferrosilicon. Its exceptional
fineness makes it 100 times smaller than cement particles, with an average thickness of just 0.1 micron (less than
1 micron). This remarkable fineness is attributed to its high concentration of amorphous silica (>90%), which
imparts its unique properties.

Heating highly pure quartz releases silicon at temperatures around 2000°C, leaving behind silica particles. These
particles react with oxygen at lower temperatures, forming amorphous silica particles. Recent advancements over
the past three decades have enhanced the use of concrete in construction. Silica fume and fly ash are commonly
used alone or together to create strong and reliable concrete structures. In recent years, silica fume has gained
significant global interest as a pozzolanic additive in concrete. When used in appropriate amounts, silica fume
enhances concrete's uniformity, strength, and hydraulic conductivity. By promoting cohesion in concrete
mixtures, it helps prevent cracking and excess water loss (bleeding), especially in demanding conditions that
require highly homogeneous mixtures.

Cement is an important raw material for concrete and relatively expensive materials and the use of river sand due
to finely aggregated concrete causes natural degradation from the river Concrete in large quantities required for
world-class infrastructure , convenient collections, and elegant collection It becomes an integrated whole. The
resulting mixtures are cast in the shapes and sizes required to produce a structure capable of carrying the applied
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load Silica fume is commonly used for high-strength concrete and copper slag for concrete- . the hardness and ¢
Strength parameters of concrete were cast for Reinforced concrete has been developed to study the load deflection
of concrete silica fume and copper slag of high quality. Increased cement production releases more CO2 into the
atmosphere. River sand was widely used as fine-grained concrete aggregate, as it undergoes degradation in river
sand and affects groundwater levels. For these reasons, alternative materials for concrete should be explored.
Silica fume is used as a proportion of 0%, 5% , 10%, and 15% cement in concrete. Silica fumes are a by-product
of the manufacture of silicon metal or ferrosilicon alloys. It is used in high performance concrete due to its highly
reactive pozzoloanic character. Concrete containing silica fume can have great strength and durability.

2. MATERIALS

Cement

Cement is a binder, a construction chemical that allows other materials to form, harden, and adhere together.
Cement is rarely actually used, but is used to bind sand and gravel. Cement, in general, is composed of all types of
adhesives, but, narrowly, binders used in architectural and civil engineering construction Portland cement is the
main component of concrete. Portland cement and water is an aggregate that forms a strong concrete by
combining sand and gravel. OPC 53 grade cement was used. Cement is a binder used in the manufacture of
concrete. It binds coarse aggregate and fine aggregate into a single unit with the help of water and fills the micro
voids in the concrete.

Table 1: Properties of ordinary Portland cement

Property Value
Specific gravity 3.15
Initial setting time 47 min
Final setting time 205 min
Bulk density 4%

Fig. 1 Cement used

Fine Aggregate

River sand, crushed sandstone and gravel are the source of the rich collection. The sources of the crumbs are
crushed rock or stone, and the natural breakdown of the stones. The curtains are higher. Surface lines are smaller
than fine aggregate. Builders utilize river sand as a fine aggregate in construction. Sand is a natural material
composed of particles in various dimensions. Its fineness determines its classification. This project specifically
employs sand of the third grade. Fine aggregates for concrete typically involve particles that pass through a 4.75
mm IS-Sieve. Specific details regarding the sand used in this study are provided in Table 2 for reference.
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Table 2: Properties of fine aggregate
Property Value
Bulk density | 1526 kg/m’
% of voids ratio 36.21 %

Voids Ratio 0.61
Specific Gravity 2.56
Fineness modulus 2.85

~
~

Fig. 2: Fine aggregate |

Coarse Aggregate

Materials with a particle size more than 0.19 inches are considered coarse aggregate, which typically has a
thickness ranging from 3/8 to 1.5 inches. Crushed stone and coarse rock are the two main types of coarse
aggregate utilised in concrete. The coarse aggregate for the concrete is to be kept in a 4.75mm IS-Sieve. A
collapsed rectangle with a local diameter of 20 mm is the basic material utilised in this experimental effort. Table
3 below details the coarse aggregate utilised for this test and its properties.

Table 3: Properties of coarse aggregate

S.NO Property Test Results
1 Specific Gravity 2.66
2 Water absorption (%) 0.91
3

Fineness Modulus 6.89

Fig. 3: Coarse Aggregate

Water

Water serves as a binder for the aggregates when combined with cement; it is the primary component. The
process by which water causes concrete to harden is known as hydration. The primary ingredients of cement react
with molecules of water to produce a chemical or hydrophobic agent, making water a chemical reagent. Concrete
cannot be made without water. It plays a key role in the cement chemical reaction. It is crucial to keep a close eye
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on both the quantity and quality of water. For this experiment, we mixed the concrete and rinsed the sample using
water that is suitable for use in a laboratory setting, specifically soft drinking water.

Silica Fume

Silica fume, a highly pozzolanic component utilised to improve the mechanical and durability of concrete, which
is a by-product of ferrosilicon manufacturing. Either add the components separately to the concrete or combine
them with the Portland cement and silica fume. Producing silicon metal or ferrosilicon alloys results in the
emission of silica fumes. Its extremely reactive pozzoloanic quality makes it ideal for usage in HPC. Extremely
strong and long-lasting concrete is possible using silica fume. Table 4 lists the characteristics of silica fume. The
concrete was created using five layers of replacement material, specifically aggregate by volume percentages

0f5%,10%, and 15%.
- —
i |
{ “,

Fig. 4: Plastic waste

3. Experimental Plan

Samples of various concrete aggregates were cast and tested to determine different strengths. A 150mm x 150
mm x 150mm cube was constructed to determine the compressive strength of the concrete. A prismatic beam of
dimensions 100 mm x 100 mm x 500 mm was shot to test the impact force. A reinforced concrete block with
dimensions of 100mm x 200mm x 1200mm was cast to study the load-deflection behavior of the beam, where
only good quality mixes are cast and the optimal mix is obtained from dynamic tension and strength which creates
test results.

Fig. 5: Materials batching
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Test Conducted

Tests were conducted on the concrete mix using a Universal Testing Machine (UTM). Tests were conducted to
analyze compressive strength and impact strength. For each test, a standardized test procedure is followed and the
performance of the concrete mix is studied. The tensile strength of the concrete cube at 7 years and the tensile
strength at 28 days were evaluated using a tensile test at 2000 kN. Once the test sample is ready, force is steadily
applied to it until it fails. The maximum force required to cause the sample's failure is recorded, and this value is
used to determine the sample's shear strength.

Fig. 6: Compresériv‘e_gtpr_egth test

The tensile strength of concrete is indirectly evaluated using the Flexural Strength Test. An unreinforced concrete
slab or beam's resistance to impact failure can be tested in this way. Parameters of fracture indicating MPa are the
results of flexural tests on concrete. The specimens utilised were beams measuring 100 mm x 100 mm x 500 mm.
After 7 and 28 days of curing, the specimens were left to dry in the open air. Then, they were tested for flexural
strength using a flexural testing apparatus.

,’-\_g

Fig. 7: Flexural strength test
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4. RESULTS

4.1 Compressive strength test results

To determine the effect of adding different percentages of silica fume to concrete on its tensile strength, this study
conducted experiments with concrete at0%,5%,10%, and 15%. There was a 15% improvement in the tensile
strength of concrete. Maximum compressive strengths of 29.33 MPa and 43.56 MPa, respectively, were recorded
after 7 and 28 days. The findings highlight the significant potential of silica fume in concrete, suggesting its usage
as a cement alternative.
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(a) Compressive strength at 7 days (b) Compressive strength at 28 days
Fig. 8: Variation of compressive strength

Silica fume acts as a microfiller in concrete, increasing density and workability and reacts with calcium hydroxide
to enhance interparticle bonding and acts as an additional ingredient in cement, increasing strength as a result with
pozzolanic properties much finer than cement and the presence therefore more surface so greatly increases the
stability, while the percentage of silica fume increases. Silica fume appears to have a significant effect on
compressive strength. The increasing demand for building materials in the construction industry is increasing the
importance of high-strength concrete.

4.2 Flexural strength test results

The present investigation examined the effect of adding different percentages of silica fume to concrete, ranging
from 0% to 15%, in order to measure the increase in compressive strength of the material. Concrete showed a
progressive improvement in flexural strength of up to 15%. After 7 days and 28 days, the maximum flexural
strength was measured to be 4.448 MPa and 6.72 MPa, respectively. The findings highlight the significant
potential of silica fume in concrete, suggesting its usage as a cement alternative.
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Fig. 9: Variation of flexural strength
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Silica fume is very fine and rich in glassy silicon dioxide, making it an excellent material to improve concrete's
properties. Portland cement releases calcium hydroxide during chemical reactions.. A novel binder, calcium
silicate hydrate, is formed when silica fume combines with calcium hydroxide. It is chemically very similar to
calcium silicate hydrate treated with Portland cement. The new binder enhances the quality of silica-fume
concrete and significantly boosts its pulse energy. The use of silica fume in concrete is not just to cut costs or
replace cement; it is an essential part of the material.

5. CONCLUSION

Leaving waste directly into the environment creates environmental problems. Therefore, emphasis has been
placed on recycling of waste products from various industries. Wastes can be recycled or used as mixtures to
maximize the use of natural resources and save environmental waste These industrial wastes on neighbouring land
depletes the soil of its natural fertility and makes the area look unclean. As a synthetic pozlanic combination,
silica fume—also called microsilica or condensed silica fume—is utilised. This substance is made when silicon or
ferrosilicon alloys are made by reducing quartz with coal in an electric furnace. For the sake of this investigation,
silica fume can stand in for cement.

The compressive strength of concrete was found to be enhanced by adding 15% silica fume, according to
experimental investigations. Concrete showed a progressive improvement in flexural strength of up to 15%. After
7 days and 28 days, the maximum flexural strength was measured to be 4.448 MPa and 6.72 MPa, respectively.

+ Experiments showed that the compressive strength of concrete was increased by adding 15% silica fume.
There was a 15% improvement in the tensile strength of concrete. Maximum compressive strengths of 29.33
MPa and 43.56 MPa, respectively, were documented after 7 and 28 days.

» The results indicate that silica fume could be a viable alternative to cement in concrete.

* The amount of silica fume utilised mostly determines the compressive strength. High-rises can make good use
of high-performance concrete mixed with silica fume, since this helps to lower the initial peak strength during
erection.
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