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Abstract 
 

One of the goals of any building project is to minimize the construction costs. Economically,lot of countries 
tries to reduce the total costs and it is forcing the construction industry to find new ways to reach that goal. 
Examples of such materials are self-compacting concrete (SCC) and fiber-reinforced concrete (FRC) and 
using composite materials. Self-compacting concrete and steel and basalt fibers are combined to create 
steel and basalt fiber reinforced self-compacting concrete. The present work deals with the workability and 
strength studies on steel and basalt fiber reinforced self-compacting concrete of grade M30 with GGBS 
and superplasticizer. The mix proportions for self-compacting concrete were arrived at by performing mix 
design and then fine-tuning using EFNARC guidelines. The powder content should be added the 70% of 
cement and 30% of GGBS. This was kept constant for all the mixes. The steel and basalt fiber percentage 
was varied from 0.6%, 0.8%, 1.0%, 1.2%, 1.4%, 1.6%, 1.8%, and 2.0 % by weight of concrete. And also 
to taken the data for hardened concrete properties like compressive strength, split tensile strength, flexural 
strength (single point and double point).  
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INTRODUCTION 
 

of the goals of any building project is to minimize the 
construction costs. Economically,  lot of try to reduce 
the total costs and it is forcing the construction 
industry to find new ways to reach that goal. Through 
research done within concrete technology over the 
years, there are material technologies available that 
have the potential to significantly reduce the total 
operational costs. Examples of such materials are 
self-compacting concrete (SCC) and fiber-reinforced 
concrete (FRC). These materials will reduce some of 
the labor activities at the construction site, such as 
reinforcing and casting and finishing of concrete. As 
an example, fibers in combination with self-
compacting concrete have shown to achieve much 
higher load bearing capacity than corresponding 
construction elements in conventional vibrated 
concrete. Fibers are added to enhance the ductility, 
increase the tensile and flexural strength of the 
material and to decrease crack widths and retard 
their propagation. Comprehensive research over the 
years on fibers has shown that fiber reinforcement 
has actually sufficient strength and ductility to be 
used as a complete replacement to conventional 
reinforcement in some types of concrete structures, 
such as foundations, walls and slabs on grades. In 
beams and suspended slabs, fibers are used in 
 
 
 

combination with conventional reinforcement which 
increases both the load bearing capacity and the 
stiffness of the structure. In both cases, from a 
structural viewpoint, fibers are incorporated to 
improve the fracture characteristics and structural 
behavior through the fibers ability to bridge cracks. 
In recent years, the technology has reached a level 
which makes it possible for fibers to completely 
replace conventional steel reinforcement in load 
carrying structures if the fibers are oriented and 
distributed as expected.  
 

Objective 
 

 The main aim is to obtain specific experimental 
data, to understand fresh and hardened 
properties of the self-compacting concrete with 
GGBS and basalt fiber 

 To study the behavior of SCC with GGBS and 
basalt fiber by the fresh and hardened 
concrete properties. 
 

LiteratureReview 
 

Arivalagan, et al, At present Worldwide, a great 
research is being conducted concerning the use of 
fiber reinforced plastic wraps, laminates and sheets 
in the repair and strengthening of reinforced concrete 
members. From the research it was proposed that, the 
usage of Basalt fibers in low cost composites for civil 
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 infrastructure applications gives good mechanical 
properties like strength and lower cost predicted for 
basalt fibers.  
 

Geethanjali, et al, The objective of this paper is to 
investigate and compare the compressive, flexural 
strength of basalt fiber reinforced concrete in 
addition to SPs with plain M30 grade concrete and 
to study the workability properties and workability 
retention of SPs and fibers. The experimental test 
results demonstrated at considerable increases in 
compression, flexural of specimen at 3, 7 and 28 
days with addition of basalt fibers and SPs. NDT test 
like Rebound Hammer test and Ultrasonic Pulse 
Velocity (UPV) test on concrete mixtures under 
different stress conditions are seen.  
 

Kunalsingha, et al, A hard, dense, inert rock found 
worldwide, basalt is an igneous rock, which is 
solidified volcanic lava. In recent years, continuous 
basalt fibers extruded from naturally fire-resistant 
basalt are attracted attention as a replacement for 
asbestos fibers. In the last decade, basalt has 
emerged as a contender in the fiber reinforcement of 
composites.  
 

Arvind, et.al, Basalt fiber (BF), known as “the green 
industrial material of the XXI-century”, combines 
ecological safety, natural longevity and many other 
properties. Hence basalt fiber has gained increasing 
attention as a reinforcing material especially 
compared to traditional glass and carbon fibers. In 
this context, several studies dealing with glass and 
carbon fiber reinforced composites consider the 
significance of basalt fiber as a new reinforcing 
material. 
 

Elba Helen George, et.al, Application of composites 
science and technology can impart a major influence 
on the production of high performance concrete for 
the enhanced service life of concrete structures. 
During the last three decades, research on Fibre 
Reinforced Concrete (FRC), one of the advanced 
composite materials, is carried out to enhance 
concrete toughness by using high-modulus fibres as 
substitute, partially or totally to the conventional 
reinforcement, for structural applications.   
 

Rajkumar, et.al, the basalt fiber is becoming an 
alternative to glass fiber and carbon fiber due to its 
advantages like cost effectiveness, ecological safety 
and easy availability The composite laminates were 
prepared by mixing chopped strand basalt fiber 
and epoxy with proper cutting agents using open 
moldings method. The specimen is prepared from 
composite laminates and the ASTM standards D3039, 
D790 and D256 were considered for analyzing their 
mechanical properties such as tensile strength, 
flexural strength and impact strength respectively.  

 

Mustapha Abdulhadi, et al, this paper provides result 
data of the compressive strength, and split tensile 
strength of basalt and polypropylene fiber 
reinforced concrete containing fibres of 0%, 0.3%, 
0.6%, 0.9%, and 1.2% volume fraction by weight of 
cement (Vf) without admixture. For compression test, A 
result data obtained has been analyzed and 
compared with a control specimen (0% fiber).  
 

Steel fibers  
 

Steel fiber reinforced concrete (SRFC) is the most 
commonly-used fiber concrete, originally used as 
secondary reinforcement for crack control in flat 
slabs, pavements and tunnel linings. The use of steel 
fibers is popular due to favorable properties of high 
modulus of elasticity, high strength, high ductility and 
a very good durability in the alkaline environment of 
the concrete. Steel fibers greatly increase the 
toughness (toughness is a measure of the ability to 
absorb energy during deformation) of cements and 
concretes. This increase can prevent, or at least 
minimize, cracking due to changes in temperature or 
relative humidity. So that increasing volume of fibers 
doesn’t increase the strength noticeably, while the 
toughness increases rapidly with even the slightest 
increment of fibers. For example, when the fiber 
volume is increased from 0,5% to 1%, the toughness 
in relation to plain concrete rises from approximately 
5 times to 15 times.  For example, the maximum 
packing density is obtained with about a 40% volume 
of fine aggregate for plain concretes. To achieve 
maximum packing density, in for instance a concrete 
containing 2% fiber, about 60% fines content is 
required. To achieve a uniform fiber distribution in 
SFRC is difficult due to the tendency of steel fibers to 
ball or clump together. This tendency is caused by 
several factors.  
 

 The Fibers are already clumped together 
before addition into the mix; the mixing 
action is not able to break up the clumps  

 There are too short time intervals between 
each addition of fibers, not allowing them to 
disperse in the mixer  

 If the fibers are added into the mixer before 
the other ingredients then they will clump 
together 

 

Basalt fibers 
 

Basalt fiber is a unique product derived from basalt 
rock, a natural material that is found in volcanic rocks 
originated from frozen lava. The rock itself is 
extremely hard and it has been used as crushed rock 
in construction since ancient times. This rock has 
excellent strength, durability and thermal properties.  
The fibers are created by melting the basalt rock 
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between 1500 and 1700 °C and forcing it through in 
platinum/rhodium crucible bushings. These fibers are 
manufactured as chopped fibers and continuous 
fibers. Basalt fibers also have good resistance to 
chemical attack and in seawater environment.. They 
can be used from very low temperatures (about -200 
°C) up to high temperatures in the range of 700-800 
°C, which makes them an excellent economic 
alternative to other high-temperature-resistant fibers.  
They are typically applied in heat shields, composite 
reinforcement, and thermal and acoustic barriers. In 
the mechanical properties of basalt fibers are 
compared with Kevlar, high-strength carbon and 
glass.Continuous basalt fibers also are in use as 
reinforcement in other conventional composite 
structures 
 
 
 
 
 
 

 

METHODOLOGY 
 

The flowchart describes the method achieving 
workability of concrete,  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

The mix design of FRC is a compromise between the 
required performance in the hardened state and the 
requirements on workability in the fresh state. The 
conventional mix designs used for plain concrete, 
based on the strength and durability considerations, 
can also be used without modifications for FRC for 
relatively small fiber volumes (less than ∼0, 5%). 
However, for larger fiber volumes, the mix design 
procedures should be based on workability 
considerations. Since the addition of fibers affects the 
workability negatively, the margins for proportioning 
are narrower and the optimization of a mix 
composition is more difficult. The basic comparison 

between the mix designs of fiber-reinforced concretes 
and conventional concretes. Workability and 
maximum fiber volume are governed by parameters 
such as  
 

 Maximum aggregate size  
 The type and content of the fibers used  
 The matrix in which the fibers are embedded  
 The properties of the constituents of the matrix 

on their own  
 Fiber addition and mixing process  
 As mentioned above, it is essential to base the 

mix design procedures of FRC on workability 
considerations. Therefore in this, the 
optimization of material composition of fiber 
reinforced concrete based upon the desired 
workability, flow ability and stability 
characteristics will be described.  

  

Testing 
 

Fibers improve the characteristics of cement-based 
matrices in the hardening and the hardened state, for 
example they are able to bridge cracks, to transmit 
stress across a crack and to counteract crack growth. 
The mechanical properties of FRC are influenced by 
several factors:   
 

 Fibers: type, geometry, aspect ratio, volume, 
orientation, distribution   

 Matrix: strength, maximum aggregate size   
 Specimen: size, geometry, method of 

preparation, loading rate   
 

The fibers influence the properties of cementitious 
composites differently; they are very effective for 
some properties while for others they are less 
effective. They are especially effective under tensile 
loading and flexure, while under compression they 
are less effective. The main mechanical properties will 
be described in the following subsections.   
 

Strength in compression  
  

The term toughness is a measure of the ability to 
absorb energy during deformation. It can be 
estimated from the area under the stress-strain or 
load-deformation diagrams. The toughness of the 
material increases greatly with the addition of fibers. 
This means that the fiber reinforced concrete is able 
to sustain load at strains much greater than those at 
which first crack appears in the matrix. Hence, the 
fibers significantly increase the post cracking ductility 
or energy absorption of the material. The fiber 
addition in the matrix only gives a very modest 
increase in strength, if any. the effect of the 
contribution of the fibers to the compressive strength 
of the concrete seems to be minor. However, as 
mentioned above, the ductility and toughness. 

Table 1 Properties of  basalt fibre 
 

Property Value 
Tensile strength 4.84 GPa 
Elastic modulus 89 GPa 

Elongation at break 3.15% 
Density 2.7 g/cm³ 
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Split tensile strength 
 

It is generally accepted that the behavior
concrete in tensile loading can be classified as either 
strain-softening or strain-hardening. Plain concrete is 
a strain softening material while fiber reinforced 
concretes with low and moderate volume fractions of 
fibers can also be regarded as stra
materials. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Figure 1Compression Test 
 

Table 2 compressive strength for cube
 

MIX 7 days 14 days 
Ref.mix 12.53 16.95 
Mix 1 12.98 17.25 
Mix 2 13.22 17.84 
Mix 3 13.84 18.14 
Mix 4 14.05 18.83 
Mix 5 14.67 19.02 
Mix 6 14.99 19.72 
Mix 7 15.31 20.12 
Mix 8 15.95 20.81 

 

 

Figure 2  Split tensile strength for cylinder 
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It is generally accepted that the behavior of a 
concrete in tensile loading can be classified as either 

hardening. Plain concrete is 
a strain softening material while fiber reinforced 
concretes with low and moderate volume fractions of 
fibers can also be regarded as strain-softening 

 
 
 
 
 
 
 
 
 
 

Strength to increase. At the other extreme, for the 
same 1.6% volume fraction of basalt fibers
reported that the ultimate load was almost doubled. 
Also according to a report by Bulletin, the tensile 
strength may be doubled with the addition of fibers. 
As in compression, the basalt fibers lead to major 
increases in the toughness of the composite
of the shape of the fibers on the tensile stress 
behavior is also apparent, Deformed fibers (better 
anchorage qualities) increase the tensile resistance of 
the concrete beyond the first crack (increased 
toughness).    
  

Flexural strength 
 

Fibers seem to affect the flexural strength in concrete 
to a much greater extent than it affects the 
compressive and tensile strengths. This increase is 
affected by the fiber volume and also the aspect 
ratio of the fibers. There are two stages of 
determining the flexural strength; cracking load stage 
in the load-deflection diagram, and the ultimate load 
stage. Several researchers have found that the 
flexural strength increases with the addition of fibers. 
 

 
 
 
 
 
 
 
 
 
Fibre testing 
 

The standard deviations also were calculated for 
each value. Since the fibers are very short in injection 
molded composites (on the average from 0.2 to 0.4 
mm), the key issue of development is the interaction 
between the matrix and the fibers. Because of t
the development emphasizes the interfacial aspects. 
At first we are investigating the properties of the 
fiber and basic composites with the original (applied 
by the fiber producer) sizing.
determination of the mechanical proper
fibers. The tensile tests of the fibers were carried out 
using a Zwick Z002 testing machine and a special 
grip. The gauge length was 25 mm and the test 

 
 

compressive strength for cube 

28 days 
26.42 
26.95 
27.16 
27.86 
28.62 
28.98 
29.41 
29.87 
30.19 

 

Split tensile strength for cylinder  

Table 3 Split tensile strength for cylinder

mix 7 days 
Ref.mix 0.98 
Mix 1 1.03 
Mix 2 1.2 
Mix 3 1.48 
Mix 4 1.62 
Mix 5 1.82 
Mix 6 2.03 
Mix 7 2.25 
Mix 8 2.49 

 

Table 4 Flextural strength for Beams

mix 7 days 
Ref.mix 1.05 
Mix 1 2.03 
Mix 2 2.58 
Mix 3 2.98 
Mix 4 3.02 
Mix 5 3.42 
Mix 6 3.78 
Mix 7 3.89 
Mix 8 3.98 
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Strength to increase. At the other extreme, for the 
same 1.6% volume fraction of basalt fibers, he 
reported that the ultimate load was almost doubled. 
Also according to a report by Bulletin, the tensile 
strength may be doubled with the addition of fibers. 
As in compression, the basalt fibers lead to major 
increases in the toughness of the composite. The effect 
of the shape of the fibers on the tensile stress 
behavior is also apparent, Deformed fibers (better 
anchorage qualities) increase the tensile resistance of 
the concrete beyond the first crack (increased 

rs seem to affect the flexural strength in concrete 
to a much greater extent than it affects the 
compressive and tensile strengths. This increase is 
affected by the fiber volume and also the aspect 
ratio of the fibers. There are two stages of 

he flexural strength; cracking load stage 
deflection diagram, and the ultimate load 

stage. Several researchers have found that the 
flexural strength increases with the addition of fibers.  

The standard deviations also were calculated for 
each value. Since the fibers are very short in injection 
molded composites (on the average from 0.2 to 0.4 
mm), the key issue of development is the interaction 
between the matrix and the fibers. Because of this, 
the development emphasizes the interfacial aspects. 
At first we are investigating the properties of the 
fiber and basic composites with the original (applied 
by the fiber producer) sizing. The first stage was the 
determination of the mechanical properties of the 
fibers. The tensile tests of the fibers were carried out 
using a Zwick Z002 testing machine and a special 
grip. The gauge length was 25 mm and the test 

Split tensile strength for cylinder 
 

 14 days 28 days 
1.15 1.3 
1.45 1.89 
1.67 1.96 
1.84 2.12 
2.02 2.36 
2.28 2.58 
2.46 2.75 
2.67 2.98 
2.82 3.16 

Flextural strength for Beams 
 

 14 days 28 days 
2.98 4.53 
3.54 4.95 
3.98 5.02 
4.02 5.56 
4.52 5.98 
5.06 6.38 
5.64 7.12 
6.12 7.39 
6.65 7.76 
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speed was 2 mm/min. The elementary fibers 
retrieved from the roving were stuck to paper 
windows and their diameter was measured on a 
Projections 4014/BK-2 optical microscope. 
Subsequently the specimens were clamped to the 
testing machine, the paper window was cut and the 
fiber was torn.   
 

During the test 100 fibers were tested and the 
following values were measured 
 

Fiber diameter (df), fiber cross section area (Af), 
maximum force (Fmax), extension at failure ( lmax), 
specific elongation at failure (ε), tensile strength 
(σmax) and Young modulus (E). The results can be seen 
in Table 13. The elongation and the Young modulus 
were calculated from the travel of the testing 
machine’s crosshead. 
 
 
 
 
 
 
 
 
 
 
 
 

CONCLUSION 
 

Based on the present work the following conclusions 
are drawn below, The variation of 7 days, 14 days, 
and 28 days compressive strength of self-compacting 
concrete with steel and basalt fiber percentage are 
0% to 2.0%. The variation of 7 days, 14 days, and 
28 days splitting tensile strength of self-compacting 
concrete with steel and basalt fiber percentage are 
similar to compressive strength. The variation 28 days 
flexural strength self-compacting concrete with basalt 
fiber percentage is high to compared to other fiber. 
These also fiber addition is same as to above test’s. 
Here test are also taken as above test procedure. 
Addition of steel and basaltfiber increases the 7 
days compressive strength compared to the reference 
mix and then increase the steel and basalt fiber 
content is 0.6%, 0.8%, 1.0%, 1.2%, 1.4%, 1.6%, 
1.8%, and 2.0%. When fibers are added compared 
to the reference mix. Addition of fibers to self-
compacting concrete increases the 7 days split tensile 
strength by 13% to 69%. Addition of fiber to self-
compacting concrete increases the 28 days split 
tensile strength by 5% to 50%. Addition of fiber to 
self-compacting concrete increase the 28 days 
flexural strength by 30% to 48%. The 7, 14 and 28 
days compressive strength of self-compacting 

concrete with steel and basalt fibers are maximum at 
a fiber percentage = 0.3.  The 7, 14 and 28 days 
split tensile strength of self-compacting concrete with 
basalt fibers are maximum at a fiber percentage = 
0.4.  The 7, 14 and 28 days flexural strength of self-
compacting concrete with steel and basalt fibers are 
maximum at a fiber percentage = 1.4.  it also 
emphasis on achieving the fresh concrete properties 
such as L-box test, U-box test, V-funnel test, J-ring 
test. The flow of J-ring test is 760 mm to 620 mm. 
and the U-box data is 18 to 24 mm. And L-box flow 
is 0.44 to 0.93. And last test of V funnel flowing 
timing is should increase from 6.4 to 12 sec. And here 
prediction values are defined from neural network 
the prediction percentages are 0.7%, 0.9%, 1.1%, 
1.3%, 1.5%, 1.7%, and 1.9%.  
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Table 5 Fibre strength 
 

Value 
 

dia 
cross  

section 
maximum  

force 
extension 
at failure 

df Af Fmax lmax 
Unit µm µm2 N mm 

Avrg. 14.2 160.2 0.32 0.89 
Std. 

deviation 
1.4 30.3 0.09 0.22 

Value 
tensile  

strength 
Young  

modulus 
specific 

elongation 
Σmaz E ε 

Unit MPa GPa % 
Average 2016 61.9 3.56 

Standard  deviation 434 3.5 0.89 

 


