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ABSTRACT

This study focuses on the development of high-strength self-compacting concrete (SCC) by
partially replacing cement with supplementary cementitious materials (SCMs). The SCMs
used in this investigation are fly ash, ground granulated blast-furnace slag (GGBS), and
basalt fibers (BF). Six different concrete mixes were prepared, where the mix labeled
SCCBFO includes 20% fly ash and 10% GGBS as cement substitutes. Basalt fibers were
added in varying volumes of 0.1%, 0.2%, 0.3%, 0.4%, and 0.5% of the total concrete volume,
resulting in mixes SCCBFO0.1, SCCBF0.2, SCCBFO0.3, SCCBF0.4, and SCCBF0.5. The study
evaluates the fresh, mechanical, and durability properties of these mixes. Fresh properties
were assessed through slump flow, V-funnel, and L-Box tests. Mechanical properties were
determined through compressive strength, flexural strength, and split tensile strength tests at
28 and 56 days of curing. Durability was analyzed by exposing the specimens to both acidic
and basic environments, using hydrochloric acid (HCI), sulfuric acid (H2SO4), sodium
hydroxide (NaOH), and magnesium sulfate (MgS0O4) at 5% concentration for each solution.
The concrete mixes were subjected to a dosage of 0.3% basalt fiber by volume, and the
effects on mechanical properties, dimensional stability, and mass loss were observed.

Keywords: supplementary cementitious materials (SCMs), self-compacting concrete, slump
flow test, V-funnel test, L-Box test, fly ash, GGBS, basalt fiber (BF), mechanical properties,
durability.

LINTRODUCTION

SCC is a specially designed type of concrete
known for its high fluidity, allowing it to fill
molds and formwork without the need for
external vibration. It is also resistant to
segregation and bleeding, ensuring better
consistency and quality. This chapter
provides an overview of the development
and origins of SCC, exploring various

approaches in its creation, mix design, and
distinctive properties. When fibers are
incorporated into the SCC matrix, the
mechanical properties of the concrete
improve, leading to the introduction of
FRSCC. The addition of mechanically
anchored steel fibers has been shown to
enhance the performance of concrete, even
for structural applications. These fibers
quickly absorb stresses and play a
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significant role in controlling cracking.
Furthermore, the long-term load-bearing
capacity of steel fiber-reinforced concrete is
considerable. As a result, the chapter also
addresses the need for further research in the
field of SFR-SCC, with a brief discussion
on the objectives of such investigations.

SELF COMPACTING CONCRETE

In recent years, SCC has emerged as a
significant advancement in the field of
concrete technology. SCC offers numerous
benefits, including faster construction,
smoother finishes, reduced noise, thinner
sections, enhanced durability,
improved mechanical properties, and
aesthetic appeal. These advantages have
inspired researchers to explore
possibilities and incorporate  various
innovative materials into SCC. Additionally,
SCC contributes to energy conservation by

concrete

new

eliminating the need for mechanical
compaction and by utilizing by-products
such as fly ash and quarry dust. SCC was
first introduced by Okamura in 1986, and
Ozawa published his first paper on the
subject in 1996. In 1992, Ozawa and his
colleagues presented their findings at an
international concrete conference in Istanbul,
which sparked widespread interest in the
field. This led to the organization of
numerous international workshops on SCC.
Despite its growing use, no standardized
methods for designing or evaluating the
properties of SCC have been established.
The promising performance of SCC has
prompted its adoption in the construction
industry in several countries, but further
research and development are necessary to
refine the evaluation methods and
standardize the assessment of its self-
compacting properties. Self-Compacting

Concrete (SCC) exhibits higher viscosity
compared to traditional concrete, which
enhances its workability. However, this
increased workability can lead to problems
such as segregation and a loss of entrained
air voids, which must be carefully addressed
during the mix design process. The mix for
SCC should strike a balance between
deformability and stability to prevent such
issues. There are three primary strategies for
developing SCC: reducing the aggregate
content, lowering the water-to-powder ratio,
and incorporating superplasticizers. While
SCC uses the same basic components as
VC—such as cement, aggregates, water,
chemical admixtures, and  mineral
additives—the proportions are adjusted to
achieve the desired flowability without the
need for external compaction energy. The
goal is to ensure that the concrete remains
homogeneous during flow and can fill
complex formwork without leaving gaps.
The key characteristics of SCC include its
flowability, filling ability, passing ability,
and segregation resistance. Flowability
refers to the ease with which concrete flows
through formwork, while filling ability
measures how quickly the concrete fills the
mold. Passing ability allows the concrete to
flow  through reinforcement  without
segregation or blockages. Segregation
resistance ensures that the concrete remains
uniform in consistency during the fresh
stage. These properties remain
consistent during transport and placement,
and they are interdependent—altering one
can affect the others. For example, if filling
ability or segregation resistance is low,
passing ability will also be compromised.

must

FRSCC
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FRC refers to concrete that incorporates
fibers as a composite material. Concrete,
being brittle, has low tensile strength and
limited strain capacity. The addition of
fibers helps mitigate these issues by
bridging cracks and enhancing the ductility
of the material. Steel fibers, in particular,
can significantly improve the tensile
strength of concrete, creating a more
homogeneous and durable material. While
SCC fresh state, its
performance in the hardened state is often
limited by low tensile and shear strength.
The inclusion of fibers in SCC, known as

excels in its

FRSCC, improves its structural performance.

Various types of fibers can be added to the
SCC mix, but the aspect ratio and volume of
fibers must be carefully controlled as they
influence the workability of the mix. Thus,
the proportioning of FRSCC requires special
attention to ensure optimal performance.

BASALT FIBER

In recent years, considerable research has
focused on the development of continuous
fibers made from basalt stones. Basalt
originates from volcanic magma and lava
flows, which are extremely hot, fluid, or

semi-fluid materials beneath the earth's crust.

Upon cooling and solidifying in open air,
basalt forms a dark gray volcanic rock. In
East Asian regions, basalt rock beds as thick
as 200 meters have been discovered. This
rock can be broken down into small
particles, which are then processed into
continuous or chopped fibers known as
basalt fibers. The process
quarrying the basalt, crushing and washing
it, and then melting it at temperatures
around 1500°C. The molten rock is extruded
through small nozzles to produce continuous
basalt filaments. Basalt fibers have excellent

involves

properties, including high thermal resistance,
chemical stability, impact load resistance,
and fire protection, with minimal toxic
fumes. These fibers and their composites are
utilized in a variety of applications, such as
reinforcing plastic polymers, strengthening
soil, constructing bridges and highways,
enhancing industrial floors, providing heat
and sound insulation for both residential and
industrial buildings, and even in protective
gear like bulletproof vests. Basalt fiber is
composed of extrusive, igneous rock,
containing elements like plagioclase,
feldspar, pyroxene, and magnetite, and
sometimes olivine. It has a SiO2 content of
no more than 53%, with less than 5% alkali
content. Basalt can be categorized into two
types: alkali basalt and tholeiites. Alkali
basalts have a higher content of sodium
oxide (Na20) and potassium oxide (K20)
compared to tholeiites, although both types
have similar SiO2 absorption. The
manufacturing process for basalt fibers is
similar to that of glass fibers, and with
advancements in technology, basalt fibers
are now produced at a cost comparable to or
even lower than glass fibers. The basalt
fiber, depicted in Figure 1.1, is an inorganic
material derived from volcanic rock. It is a
natural, eco-friendly material often referred
to as basalt roving or continuous filament
fiber. When cut into various lengths, it is
known as basalt chopped strand fiber, which
can come in colors like brown, gold, or gray.

ILMETHODOLOGY

The primary objective of this experimental
study is to investigate the mechanical and
durability properties of high-strength self-
compacting concrete (SCC) incorporating
basalt fibers and supplementary
cementitious materials (SCMs). The focus is
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on the effects of different percentages of
basalt fibers (ranging from 0.1% to 0.5% by
volume) along with 20% fly ash and 10%
GGBS replacing cement in the SCC mix.
The methodology is structured into various
stages, starting from the preparation of the
mixes to the testing of the hardened concrete
for mechanical and durability properties.

First, the materials used in the investigation
are accurately selected and mixed to prepare
six distinct SCC mixes, each containing
varying amounts of basalt fibers. The
control mix (SCCBFO) has 20% fly ash and
10% GGBS as partial replacements for
cement, with no basalt fiber, while the other
mixes include 0.1%, 0.2%, 0.3%, 0.4%, and
0.5% basalt fibers (SCCBF0.1, SCCBF0.2,
SCCBF0.3, SCCBF0.4, SCCBF0.5). These
mixes are thoroughly blended to ensure a
homogeneous mixture, and then the fresh
properties of the mixes are evaluated
through slump flow, V-funnel, and L-Box
tests.

Once the fresh properties are confirmed, the
concrete mixes are cast into different
specimens—cubes for compressive strength,
beams for flexural strength, and cylinders
for split tensile strength. After casting, the
specimens are cured for 28 and 56 days in a
controlled environment, and their respective
mechanical properties are assessed. The
compressive strength, flexural strength, and
split tensile strength of the specimens are
determined at both 28 and 56 days of curing.

To evaluate the durability of the mixes,
specimens of both the control mix (0%
fiber-based SCC) and the mix with the
optimum basalt fiber dosage are subjected to
acid and base attacks. The specimens are
immersed in solutions of hydrochloric acid

(HCI), sulfuric acid (H2SO04),
hydroxide (NaOH), and magnesium sulfate
(MgS04) at 5% concentration for each
solution. The effects of these aggressive

sodium

environments on the mechanical properties,
dimensional stability, and mass loss of the
hardened concrete are recorded and
analyzed.

The results from all the tests are then
discussed, comparing the performance of
the basalt fiber-reinforced SCC with the
control mix. This includes an evaluation of
the effects of basalt fiber addition on the
workability, strength, and durability of the
concrete. Finally, conclusions are drawn
based on the findings of the study,
highlighting the benefits of using basalt
fibers as a supplementary material in SCC,
particularly in terms of improving the
mechanical and durability properties of
high-strength concrete.

Mix Proportion grades and details

S.No MIX

1 SCC BF 0%

2 SCCBF 0.1%
3 SCCBF 0.2%
4 SCC BF 0.3%
5 SCC BF 0.4%
6 SCC BF 0.5%

II.CONCLUSIONS

In the previous chapter, the results obtained
were listed and discussed. In the present
chapter, the conclusions are drawn based on
the results obtained as detailed in the
previous chapter.
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e The workability of all mixes of high-
strength self-compacting concrete
was reduced when basalt fibers were
added, due to the
disrupting the flow of concrete.

e At 28 and 56 days of curing, the
compressive strength of the Control
Mix SCCBFO grade obtained 74.2
MPa and 81.5 MPa respectively.

e At 28 and 56 days of curing, the
compressive strength of the Mix
SCCBFO0.3 grade obtained 88.6 MPa
and 92.6 MPa respectively.
SCCBF0.3 mix has 13.6% more
strength compared with the control

movement

mix.

e At 28 and 56 days of curing, the split
tensile strength of the Control Mix
SCCBFO0 grade obtained 6.2 MPa
and 6.7 MPa respectively.

e At 28 and 56 days of curing, the split
tensile strength of the Mix
SCCBF0.4 grade obtained 7.8 MPa
and 8.5 MPa  respectively.
SCCBF0.4 mix has 26.8% more
strength compared with the control
mix.

e At 28 and 56 days of curing, the
Flexural strength of the Control Mix
SCCBFO0 grade obtained 10.2 MPa
and 11.5 MPa respectively.

e At 28 and 56 days of curing, the
Flexural strength of the Mix
SCCBF0.3 grade obtained 14.75
MPa and 16.75 MPa respectively.
SCCBF0.4 mix has got 41% more
strength compared with the control
mix.

e With the consideration of the fibers,
the weight reduction was a lot more
prominent  for  the
submerged in the acids from 1 to 14

examples

days while from 14 to 28 days it
showed a sluggish decrement. Out of
all H2SO4 affected the examples.

e The maximum dimension loss was
found in the specimen of control mix
tested under acid attack with H2SO4
i.e., in the acidic environment, when
compared to the SCCBF0.3 sample.

e The maximum dimension loss was
found in the specimen of control mix
tested under acid attack with HCL
i.e., in the acidic environment, when
compared to the SCCBF0.3 sample.

e The maximum dimension loss was
found in the specimen of the control
mix tested under base attack with
NaOH i.e., in the basic environment,
when compared to the SCCBFO0.3
sample.

e The maximum dimension loss was
found in the specimen of the control
mix tested under base attack with
MgSO4 ie, in the basic
environment, when compared to the
SCCBFO0.3 sample.
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