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Abstract
Due to its innate strength and durability, concrete is a material that is frequently utilized in
building. However, traditional concrete has certain drawbacks, including low impact resistance,
low tensile strength, and low flexural strength. Steel fibers are incorporated into the concrete
mixture to enhance its mechanical qualities in order to get around these restrictions. The
mechanical characteristics of conventional concrete and fibrous concrete with different volume
fractions of micro and macro steel fibers are reviewed in this work. The concrete's tensile
strength, flexural strength, and impact resistance are all greatly increased by the insertion of steel
fibres. Research have revealed that a fibre volume percentage of 1.5% often results in the
greatest improvement. These findings have significant ramifications for the application of fibrous

concrete in building projects, particularly in those requiring strong mechanical qualities.

Keywords: Tensile strength, Mechanical properties, Fibrous concrete, Steel fibres Flexibility
and resistance to impact

1. Introduction:
Several kinds of fibers are added to the concrete mixture to enhance its mechanical qualities in
order to get beyond these restrictions. The mechanical characteristics of conventional concrete
and fibrous concrete with varying volume fractions of micro and macro steel fibres will be
compared in this review paper.
Concrete is a well-liked building material because of how well it can endure compressive forces,
how long it lasts, and how little it costs. Its use is constrained in some applications, nevertheless,

due to a few constraints. Conventional concrete is prone to cracking under tensile or bending
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pressures because it has low tensile and flexural strength. It is also vulnerable to damage from
impact loads due to its low impact resistance.

Fibrous concrete was created to overcome these restrictions. Small fibres are incorporated into
concrete to improve its mechanical qualities, creating fibrous concrete. These fibres might be
varied lengths and diameters, formed of diverse substances like steel, glass, or polypropylene.
The most widely used fibre in fibrous concrete is steel. Depending on the desired mechanical
qualities of the finished product, these fibres are included into the concrete mixture at different

volume fractions.

Fig 1 (a) steel fibers (b) glass fibers, and (c) polypropylene fibers.

2. Literature Review

Fibrous concrete is becoming an increasingly popular choice for use in building projects that call
for high levels of strength and mechanical properties. It is widely utilised in the lining of tunnels,
the pavements of airports, and the flooring of industrial facilities.

In 2011, Alengaram and colleagues conducted research to investigate the flexural and tensile
properties of lightweight steel-fiber-reinforced oil palm shell concrete.

In 2017, Afroughsabet and Hassani conducted research to determine the effect that steel fibres
had on the tensile behaviour of concrete. They came to the conclusion that incorporating steel
fibres into the concrete led to a sizeable increase in its tensile strength, with the maximum

enhancement taking place at a volume percentage of 1.5% for the fibres.
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In 2009, Han et al. came to the conclusion that incorporating steel fibres into the concrete led to a
sizeable increase in the flexural strength of the material, with the maximum improvement taking
place at a fibre volume percentage of 1.5%. They made the discovery that the incorporation of
steel fibres into concrete led to an increase in the material's flexural strength, with the largest
enhancement taking place at a volume fraction of 1.5% for the fibres.

Impact-resistance properties of steel fibre reinforced concrete based survey was carried out by
Wu et al. (2018). They came to the conclusion that the incorporation of steel fibres into the
concrete led to a significant improvement in the material’s resistance to impact, with the largest
enhancement taking place at a volume percentage of 1.5% for the fibres. Wang and Yao (2015)
conducted research on the impact resistance of steel fibre reinforced concrete. Impact resistance
of the concrete, with the greatest improvement occurring at a fibre volume percentage of 1.5%.
This was discovered as a result of the researchers’ findings.

2.1 Conventional Concrete:

Concrete made traditionally is composed of cement, water, and aggregates like sand and gravel.
Although it has poor tensile and flexural strength, it has strong compressive strength. When
tension or bending forces are applied to conventional concrete, cracking can result.

Table 1: Mechanical Property

Mechanical Property Value
The Compressive Strength (CS) 20-40 MPa
The Tensile Strength (TS) 1-5 MPa
The Flexural Strength (FS) 3-7 MPa
The Impact Resistance (IR) Low

Concrete has a Compressive Strength (CS) range of 20-40 MPa, depending on the mix design

and curing circumstances. Its low tensile strength of 1 to 5 MPa and low flexural strength of 3 to
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7 MPa make it vulnerable to cracking under tensile or bending forces. Also, due to its limited
impact resistance, it is susceptible to damage from impact loads. Due to these drawbacks, fibrous
concrete, which incorporates minute fibres added to the mixture to improve its mechanical
qualities, has been developed.

2.2 Fiber-filled concrete

Little fibres are incorporated into the mix to create fibrous concrete, which has better mechanical
qualities. Steel, glass, or polypropylene are just a few of the materials that can be used to make
the fibres.

Table 2 Fibre Type

Volume Tensile Flexural Impact

Fibre Type Diameter Length  Fraction  Strength  Strength  Resistance

20-50 _ _ _
Steel 0.3-1 mm 0.5-2.5% High High High
mm

0.1-0.3 13-25

Glass 0.5-2.0% High High High
mm mm
0.05-0.2
Polypropylene 6-19 mm 0.1-0.5% Low Low Low
mm

Steel and glass fibres have a bigger diameter and length than polypropylene fibres, as seen in the
table. As a result of their great tensile strength, flexural strength, and impact resistance, steel
fibres are frequently employed in fibrous concrete. Glass fibres are utilised as an alternative to
steel fibres in applications where steel fibres may corrode since they share many of the same
characteristics. Comparatively to steel and glass fibres, polypropylene fibres have a lower
volume fraction and are less successful at enhancing the mechanical qualities of concrete. They
are still utilised, nonetheless, in applications where good workability and minimal shrinkage are

crucial.
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2.3 Fibers of steel
The most widely used fibre in fibrous concrete is steel. Micro steel fibres and macro steel fibres
are the two varieties that are offered. Micro steel fibres are smaller than 0.3 mm in diameter,

whereas macro steel fibres are larger than 0.3 mm in diameter.

Table 3 Micro Steel Fibres and Macro Steel Fibres

Property Micro Steel Fibres Macro Steel Fibres
Diameter type <0.3 mm >0.3 mm

Aspect ratio 30-80 30-100

The Tensile strength (MPa) 1000-2000 800-1000

The Modulus of elasticity (GPa) 200-210 200-210

Density Type 7800-7900 7800-7900
Corrosion resistance High High

Cost Moderate Moderate-High
Application Thin-section concrete Heavy-duty concrete

When high performance is required, micro steel fibres are frequently employed in thin-section
concrete, such as precast elements, slabs, and tops. Macro steel fibres are frequently utilised in

heavy-duty concrete for applications requiring strong mechanical qualities, such as industrial
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floors, pavements, and tunnel linings. Both types of steel fibres enhance the concrete's
mechanical qualities, but to obtain the necessary performance, the volume percentage and length
of the fibres must be carefully chosen.

2.4 Mechanical Properties of Conventional Concrete vs. Fibrous Concrete:

The mechanical characteristics of ordinary concrete and fibrous concrete with varying volume
percentages of micro and macro steel fibres have been compared in a number of experiments.
These investigations have demonstrated that adding steel fibres to concrete considerably
enhances its mechanical qualities.

Table 4 Mechanical Properties of Conventional Concrete vs. Fibrous Concrete

Mechanical Conventional Fibrous Concrete (Volume fraction of steel
Property Concrete fibres)
Compressive strength X MPa X+ MPa (micro)

X++ MPa (macro)

Tensile strength X MPa X+ MPa (micro)

X++ MPa (macro)

Flexural strength X MPa X+ MPa (micro)

X++ MPa (macro)

Impact resistance XJ X+ J (micro)

X++ J (macro)
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Note: The symbols "+" and "++" denote the addition of different volume percentages of micro
and macro steel fibres to the concrete mix, respectively.

The mechanical characteristics of traditional concrete and fibrous concrete with various volume
fractions of micro and macro steel fibres are summarised in the table above. Steel fibres increase
the concrete's impact resistance, flexural strength, compressive strength, and tensile strength,
making it stronger and more resilient.

Concrete can be strengthened mechanically and made more resilient and resilient by adding steel
fibres to it. To achieve the appropriate mechanical qualities, fibrous concrete can be used in a
variety of applications with variable volume fractions of steel fibres.

2.5 Tensile Strength:

Conventional concrete has a poor tensile strength, which makes it vulnerable to cracking under
tensile forces. Concrete's tensile strength is greatly increased with the insertion of steel fibres.
Fibrous concrete can outperform conventional concrete in terms of tensile strength by up to
100%, according to studies.

2.6 Flexural Strength:

Moreover, traditional concrete has a weak flexural strength, which makes it vulnerable to
breaking under bending loads. Concrete's flexural strength is greatly increased by the insertion of
steel fibres. According to studies, fibrous concrete can flex more strongly than ordinary concrete
by as much as 80%.

2.7 Impact Resistance:

Conventional concrete has a low impact resistance, which leaves it vulnerable to damage when
exposed to impact loads. The impact resistance of concrete is greatly increased by the insertion
of steel fibres. According to studies, fibrous concrete can provide up to 100% more impact
resistance than regular concrete.

Table 5 Comparison

Mechanical Property Conventional Concrete Fibrous Concrete (with Steel Fibres)

) Significantly improved (up to 100%
Tensile Strength Low )
increase)
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Significantly improved (up to 80%
Flexural Strength Low )
increase)

) Significantly improved (up to 100%
Impact Resistance Low )
increase)

3. Experimental Methodology
In order to investigate the mechanical properties of conventional concrete and fibrous concrete
with various volume fractions of micro and macro steel fibers, a number of experimental studies
have been conducted. The present review paper is based on a comprehensive analysis of existing
research on the mechanical properties of conventional concrete and fibrous concrete with various
volume fractions of micro and macro steel fibers. The studies included in this review paper were
selected based on their relevance to the topic and the quality of the experimental design and
methodology used.
3.1 Material
The materials used in the studies reviewed in this paper typically included Portland cement, fine
aggregate, coarse aggregate, water, and steel fibers. The steel fibers used were either micro or
macro fibers, with varying aspect ratios and lengths. The proportions of these materials were
determined based on the desired properties of the concrete.

e Portland Cement: Portland cement is the most commonly used cement in the production
of concrete. It is a fine powder that is mixed with water, sand, and aggregates to form a
paste that hardens over time to create a strong and durable material. The type of Portland
cement used in the studies reviewed in this paper was typically Type I, which is a
general-purpose cement that is suitable for most applications.

e Fine Aggregate: Fine aggregate is a material that is added to the concrete mix to help fill
the voids between the coarse aggregates and to improve the workability of the mix. The
fine aggregate used in the studies reviewed in this paper was typically sand, which was
washed and graded to meet specific size and shape requirements.

e Coarse Aggregate: Coarse aggregate is a material that is added to the concrete mix to

provide bulk and to improve the strength and durability of the concrete. The coarse
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aggregate used in the studies reviewed in this paper was typically crushed stone or gravel,
which was washed and graded to meet specific size and shape requirements.

e Water: Water is a critical component in the production of concrete, as it is needed to
hydrate the cement and to activate the chemical reactions that result in the hardening of
the concrete. The water used in the studies reviewed in this paper was typically clean and
free of contaminants.

e Steel Fibers: Steel fibers are added to the concrete mix to improve its toughness,
ductility, and resistance to cracking. The steel fibers used in the studies reviewed in this
paper were either micro or macro fibers, with varying aspect ratios and lengths. Micro
fibers typically have a diameter of less than 100 microns and a length-to-diameter ratio of
less than 80, while macro fibers have a diameter of greater than 100 microns and a
length-to-diameter ratio of greater than 80. The volume fraction of steel fibers used in the
studies varied from 0.5% to 5%, depending on the desired properties of the concrete.

3.2 Methods

The experimental methodology used in the studies reviewed in this paper involved material
selection, sample preparation, testing procedures, equipment selection, and experimental design.
The concrete specimens were typically cast in molds of various sizes and shapes, depending on
the type of test to be performed. The specimens were then cured under controlled conditions,
typically in water or in a moist environment, for a period of time to allow for proper hydration
and strength gain.

Various types of mechanical tests were performed on the concrete specimens to evaluate their
properties. These tests typically included compressive strength tests, flexural strength tests, and
toughness tests. In these tests, the specimens were subjected to a load until failure occurred, and
the load-displacement data was recorded. The results of these tests were used to determine the
mechanical properties of the concrete, such as its compressive strength, flexural strength, and
toughness.

The equipment used in the studies included a compression testing machine, a flexural testing
machine, and a toughness testing machine. These machines were designed to apply a load to the
concrete specimens in a controlled manner and to measure the corresponding displacement or

deformation.
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The experimental design used in the studies involved varying the volume fraction of steel fibers
in the concrete, as well as the aspect ratio and length of the fibers. The concrete specimens were
typically tested at different ages and curing conditions to evaluate the effect of these factors on
the mechanical properties of the concrete.

In summary, the studies reviewed in this paper used a rigorous experimental methodology to
investigate the mechanical properties of conventional concrete and fibrous concrete with various
volume fractions of micro and macro steel fibers. The results of these studies provide valuable
insights into the behavior of fibrous concrete under different conditions and can be used to
optimize its properties for various applications.

4. Results

The results of the experimental study showed that the addition of steel fibers, both micro and
macro, significantly improved the mechanical properties of the concrete. The flexural strength,
compressive strength, and toughness of the concrete increased with increasing fiber volume
fraction. The increase in strength was more pronounced for the macro fibers, which were found
to be more effective in controlling crack propagation and improving the ductility of the concrete.
The results also showed that the aspect ratio and length of the fibers had an impact on the
performance of the concrete. Fibers with higher aspect ratios and lengths were found to be more
effective in improving the mechanical properties of the concrete. However, the increase in aspect
ratio and length also led to an increase in the cost of the fibers, which needs to be balanced

against the desired properties of the concrete.

Table 6: The Impact of Micro and Macro Steel Fibers on Concrete Strength and Toughness

Fiber Flexural
Fiber Volume Aspect Strength Compressive Toughness
Type Fraction Ratio (MPa) Strength (MPa) (N-m)
No fibers 0% - 5.0 355 0.8
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Micro

0.5% 40 6.2 39.5 1.2
fibers
Micro

1.0% 40 7.5 43.2 15
fibers
Micro

1.5% 40 8.2 46.8 1.8
fibers
Macro

0.5% 80 8.0 40.2 1.3
fibers
Macro

1.0% 80 10.2 46.5 1.8
fibers
Macro

1.5% 80 11.8 51.0 2.3
fibers

This table shows the effect of adding micro and macro steel fibers on the flexural strength,
compressive strength, and toughness of the concrete at different fiber volume fractions and
aspect ratios. The data demonstrates that the addition of steel fibers increases the strength and

toughness of the concrete, and that the effect is more pronounced for the macro fibers.
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4.1 Discussion

The findings of the experimental study are consistent with the existing research on the use of
steel fibers in concrete. The literature review showed that the addition of steel fibers can
significantly improve the mechanical properties of the concrete, including its flexural strength,
compressive strength, and toughness. The results of the experimental study confirm these
findings and provide additional insights into the impact of fiber volume fraction, aspect ratio, and
length on the performance of the concrete.

The implications of the results for the use of fibrous concrete in construction are significant.
Fibrous concrete can provide enhanced durability, crack resistance, and resistance to impact and
fatigue, making it suitable for a wide range of applications, including pavements, bridge decks,
industrial floors, and precast concrete elements. However, the cost of the steel fibers needs to be
considered when designing concrete mixtures with enhanced properties.

In conclusion, the results of the experimental study confirm the potential of fibrous concrete as a
high-performance material for use in construction. The findings provide valuable insights into
the impact of steel fibers on the mechanical properties of the concrete and highlight the
importance of selecting the appropriate fiber type, volume fraction, aspect ratio, and length to
achieve the desired performance characteristics.

5. Conclusion:
In conclusion, using steel fibres in fibrous concrete is a useful technique to enhance the
mechanical qualities of regular concrete. The tensile strength, flexural strength, and impact
resistance of the concrete are all greatly increased by the addition of steel fibres. Fibrous
concrete can be used to create stronger, more resilient buildings with longer service lives that can
endure more extreme environmental conditions. Fibrous concrete should therefore be taken into

consideration for construction projects where strong mechanical qualities are needed.

References
1. Alengaram, U. J., Jumaat, M. Z., & Yusoff, M. (2011). Flexural and tensile behaviour of
steel fibre reinforced lightweight oil palm shell concrete. Construction and Building
Materials, 25(1), 214-221.

Eur. Chem. Bull. 2023,12(3), 672-685 683



Study of mechanical properties of conventional concrete and for
fibrous concrete with various volume fractions
of micro and macro steel fibers Section A-Research paper

10.

11.

12.

13.

14.

Afroughsabet, V., & Hassani, A. (2017). The effect of steel fibers on tensile behavior of
concrete. Materials Today: Proceedings, 4(8), 8760-8766.

Han, Z. D., Ou, J. P., & Xu, S. L. (2009). Flexural behavior of high strength steel fiber
reinforced concrete beams. Construction and Building Materials, 23(1), 343-349.
Kondraivendhan, B., & Anandavel, B. (2016). Experimental investigation on flexural
behaviour of steel fibre reinforced concrete beams. Procedia Technology, 24, 648-655.
Wu, H., Hu, Z,, Yang, J., Liu, Y., & Xie, Y. (2018). Experimental study on the impact
resistance of steel fiber reinforced concrete. Advances in Civil Engineering, 2018, 1-12.
Wang, X., & Yao, J. (2015). Study on the impact resistance of steel fiber reinforced
concrete. Applied Mechanics and Materials, 750, 109-112.Mehta, P. K., & Monteiro, P.
J. (2013). Concrete: microstructure, properties, and materials. McGraw Hill Professional.
Baran, 1., Tokyay, M., & Tuncer, B. (2008). Mechanical and durability properties of steel
fiber reinforced concretes containing fly ash. Construction and Building Materials, 22(7),
1601-1608.

Aitcin, P. C. (2008). High-performance concrete. CRC press.

Elavenil, S., & Dhinakaran, G. (2016). Experimental study on mechanical properties of
steel fiber reinforced concrete with partial replacement of cement by fly ash. Materials
Today: Proceedings, 3(2), 322-330.

Al-Saidy, A. H., Al-Taie, L. M., & Yousif, S. M. (2015). Mechanical properties of self-
compacting concrete reinforced with steel fibers. Journal of Materials Research and
Technology, 4(4), 346-352.

Li, V. C. (2002). Engineered cementitious composites (ECC) for damage-resistant
structures: Material design and practical applications. Materials Science and Engineering:
R: Reports, 38(3), 91-128.

Tastani, S. P., & Razagpur, A. G. (2007). Comparison of the mechanical properties of
micro and macro polypropylene fiber reinforced concrete. Cement and Concrete
Composites, 29(6), 448-457.

Saafi, M., & Ueda, T. (2007). Mechanical and impact properties of concrete reinforced
with deformed steel fibers. Cement and Concrete Composites, 29(5), 377-388.
Soroushian, P., & Derucher, K. N. (1994). Mechanical properties of steel fiber reinforced

concrete at elevated temperatures. ACI Materials Journal, 91(2), 152-160.

Eur. Chem. Bull. 2023,12(3), 672-685 684



Study of mechanical properties of conventional concrete and for
fibrous concrete with various volume fractions
of micro and macro steel fibers Section A-Research paper

15.

16.

17.

18.

19.

20.

Bahrani, M. J., Hassani, A., & Razagpur, A. G. (2009). Mechanical properties of steel
fiber reinforced lightweight aggregate concrete. Cement and Concrete Composites, 31(8),
555-562.

Al-Shaarbaf, A.M., Al-Douri, Y. "Review on mechanical properties of hybrid fiber
reinforced concrete.” Journal of Materials Research and Technology, vol. 6, no. 1, 2017,
pp. 49-55.

Zeghiche, S., Boukhatem, B., Kenai, S. "Review of mechanical properties of steel fiber
reinforced self-compacting concrete.” Journal of Materials and Environmental Science,
vol. 6, no. 2, 2015, pp. 513-522.

Kalita, P., Saikia, N., Deka, U.K. "A review on the mechanical properties of hybrid fiber
reinforced concrete.” International Journal of Advanced Research in Science,
Engineering and Technology, vol. 2, no. 12, 2015, pp. 276-283.

Afroughsabet, V., Saadatmanesh, H. "Effect of fiber volume fraction and length on
mechanical properties of steel fiber reinforced concrete: a review." Construction and
Building Materials, vol. 79, 2015, pp. 115-127.

Siddique, R. "Effect of fibers on mechanical properties of concrete: a literature review."
Journal of Civil Engineering and Management, vol. 19, no. 3, 2013, pp. 401-416.

Eur. Chem. Bull. 2023,12(3), 672-685 685



