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ABSTRACT

One of the most important solutions for producing sustainable concrete is the utilization of old concrete as
coarse aggregate. This study evaluates the full replacement of coarse aggregate with recycled aggregate
and the impact of micro steel fibers on the mechanical properties of concrete using a combination of non-
destructive and destructive tests. The deployed methodology includes five concrete mixes incorporating
0%, 0.4%, 0.6%, 0.8%, and 1% micro steel fibers by volume to produce sustainable concrete reinforced
with fibers. The non-destructive tests examined density, Ultrasonic Pulse Velocity (UPV), and dynamic
modulus of elasticity, while the destructive tests examined compressive strength, static modulus of
elasticity, splitting tensile strength, and flexural strength. The results demonstrate the possibility of
adopting zero-cost coarse aggregate produced from old concrete as a sustainable aggregate. Furthermore,
the mechanical properties of concrete are enhanced by adding micro steel fibers. The optimal performance
was observed at 0.8 % fibers with maximum improvements of 15 % in compressive strength, 39.2 % in
splitting tensile strength, and approximately 85 % in flexural strength at 28 % days. The UPV and density
values exhibited strong correlations with the compressive strength. Finally, the findings of this study
support that the recycled aggregate and micro steel fibers can be used to produce sustainable concrete for
modern constructions.
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I.  INTRODUCTION

pavements, and dams. Besides the traditional components of

Concrete, a highly utilized construction material, has
significantly contributed to the global civilization progress
owing to the lower cost of production, good durability, wide
availability, and ability to withstand severe weather conditions.
Concrete has found application in a diverse array of structures,
including residential  buildings, skyscrapers, bridges,

concrete; cement, sand, and aggregate, mineral admixtures
along with chemical admixtures are increasingly being added
to enhance the concrete quality. While concrete exhibits a
significant strength in compression, its ability to withstand
tensile stress is limited. It has lower toughness, particularly in
terms of its capacity to absorb energy, under both compressive
and tensile loads. Additionally, under dynamic and impact
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loading, it exhibits significant cracking and brittle failure
leading to a complete deterioration in the loading capacity once
the failure initiates, which greatly limits its use and applications
[1-3]. To overcome these limitations, Plain Concrete (PC) is
reinforced using different reinforcing materials, such as steel
(bars or fibers), polymer, or other composite materials.

Fiber Reinforced Concrete (FRC) has gained significant
popularity in the construction industry due to its ability to deal
with challenges related to excessive loads, bending, shear,
dynamic loads, and impact. Several types of fibers are used in
concrete, such as steel fibers, glass fibers, polypropylene fibers,
and organic fibers [4—6]. However, the steel fibers have
experienced growing acceptance in the construction of
pavements, bridges, airports, and parking areas owing to their
widespread applicability, which results in improving the
structural performance of the construction. Adding steel fibers
to the concrete leads to significant enhancements in the split
tensile strength, compressive strength, flexural strength, shear
strength, and bond strength [7]. Authors in [8-10] confirmed
improvements in compressive and flexural strengths through
the use of hooked-end or double-hooked steel fibers,
particularly in sustainable and recycled aggregate concrete.
Authors in [11] noted a small reduction in compressive
strength, despite the improvements in tensile strength and
shrinkage behavior. Authors in [12] emphasized the
dependence of mechanical enhancements on fiber volume
fractions. Authors in [13, 14] demonstrated that steel fibers,
compared to other fiber types, significantly enhanced the
tensile strength and modulus of elasticity in fiber-reinforced
and geopolymer concretes. The static and dynamic moduli of
elasticity were also enhanced with the integration of steel fibers
by restricting the initiation and propagation of micro-cracks,
leading to increased stiffness and energy absorption. It has been
shown that the dynamic modulus of elasticity becomes higher
than the static modulus due to the rapid stress application,
which restricts the time-dependent deformations [15].
Furthermore, the fiber content and its distribution play a
significant role, as higher fiber volumes typically result in
improved behavior under both static and dynamic loading
conditions [16]. These enhancements make Steel Fiber
Reinforced Concrete (SFRC) particularly suitable for structures
subjected to dynamic loads, such as pavements, bridges, and
seismic structures. Authors in [17] reported a 29% increase in
the modulus of elasticity with 1% fiber content, while authors
in [18] observed increases ranging from 0.6% to 12.8%, with
fiber volumes between 1% and 3%. However, authors in [19]
highlighted that the influence of steel fibers on elasticity can be
negligible, indicating that the impact depends mostly on the
fiber type, volume fraction, and matrix composition.

Fatigue resistance and crack resistance position SFRC as a
crucial advancement in modern concrete technology. This
improvement enables its application in a wide range of
structural applications, with or without traditional internal
reinforcement bars. Authors in [20] reported that straight, low-
cost steel fibers enhanced the impact resistance and ductility,
with optimal results being achieved at a 1.25% fiber content.
Authors in [21] observed increased flexural fatigue life and
energy dissipation in SFRC, although the performance declined
under high-cycle fatigue conditions. Authors in [22]

demonstrated that the electromagnetic alignment of steel fibers
in the cementitious matrix improved the fracture performance
by over 80% compared to randomly oriented fibers,
emphasizing the critical role of the fiber orientation and
distribution in enhancing the mechanical durability. SFRC
exhibits enhanced mechanical properties due to the ability of
the steel fiber to bridge the cracks and improve the load
transfer within the matrix. Non-destructive tests, particularly
the UPV test, enable the comprehensive assessment of the
quality, uniformity and integrity of concrete without causing
any damage to the concrete itself. They measure the speed of
the ultrasonic waves through the concrete, providing insights
into the density and internal defects. Typically, the inclusion of
steel fiber results in increased UPV values due to the increased
matrix density and a reduction in the voids and micro-cracks.
However, an excessive fiber content can scatter the ultrasonic
waves and introduce local heterogeneities, potentially reducing
the UPV values [23]. Authors in [24] reported that the UPV
values increased with fiber additions of up to 2% by volume,
but declined beyond this threshold. Authors in [25] utilized
UPV to assess high-strength micro SFRC exposed to elevated
temperatures, successfully predicting the compressive strength
degradation. Similarly, in [26], it was found that the optimum
fiber content for maximizing the concrete performance was
0.75%, and that the direct UPV testing was the most reliable
method. Authors in [27] further demonstrated that the influence
of steel fibers on the UPV values depends largely on the fiber
dosage and the inherent strength of the concrete, with
variations observed at 7, 28, and 90 days of curing.

Despite the research on SFRC, the studies specifically
focusing on using micro steel fibers in normal concrete remain
limited. Authors in [28] investigated varying micro steel fiber
ratios in high-strength lightweight self-compacting concrete,
observing increased flexural and splitting strengths with higher
fiber contents, although the compressive strength declined.
Authors in [29] examined the hybridization of macro and micro
steel fibers in Ultra-High-Performance Concrete (UHPC),
reporting improvements in the bond strength for straight fibers,
but reduced performance for hooked and twisted fibers,
highlighting the complex relationship between the fiber type,
replacement ratio, and mechanical behavior. Authors in [30]
studied fiber-reinforced concrete with ultra-high-strength micro
fibers under active confinement, concluding that both the
confining pressure and fiber volume significantly enhanced
then axial strength and peak strain. Authors in [31]
demonstrated that incorporating nano-silica with micro steel
fibers in fly ash-based geopolymer composites resulted in a
denser matrix and improved the mechanical performance.
Authors in [32] reported that hybrid mortars containing 0.75%
micro steel fibers and 3% basalt fibers achieved the highest
compressive strength when incorporating silica fume. While
micro steel fibers have a minimal impact on the compressive
strength of UHPC mixes, they significantly enhance the
splitting tensile and flexural strengths when combined with an
optimal nano-silica content [33].

Drawing from the extensive previous research, the
utilization of micro steel fibers in concrete has attracted
significant attention due to their potential to enhance the
mechanical properties and durability of concrete structures. The
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present study focuses on evaluating the performance of micro
SFRC using a combination of destructive and non-destructive
testing methods. While destructive tests, such as compressive
strength, splitting tensile strength, and flexural tensile strength,
provide direct insights into the structural performance, non-
destructive methods, including UPV and density assessments,
provide valuable information on the internal quality without
compromising its integrity. By integrating these testing
approaches, the current research aims to comprehensively
assess the influence of varying micro steel fiber contents on the
mechanical properties of normal concrete.

II. MATERIALS AND MIX PROPORTIONS

A. Material Properties

Ordinary Portland Cement (OPC) type I was used in this
study, which conforms to the Iraqi specification No. 5/2019
[34]. The water used in the concrete mixes was drinking water.
The fine aggregate was natural sand with a maximum size of
4.75 mm, meeting the requirements of the Iraqi specification
No. 45/202 1 [35]. Recycled coarse aggregate from old normal
concrete was utilized and then crushed to a maximum size of
20 mm, as shown in Figure 1, which meets the requirements
specified in Iraqi Specification No. 45/2021 [35]. High-tensile
micro-steel fibers with 13 mm length, 0.2 mm diameter, and an
aspect ratio of 65 were used in this study. Figure 2 provides a
photographic representation of the utilized micro steel fibers.
To improve the flowability, superplasticizer, specifically
SikaViscoCete-PC 20, was used with a dosage of 3.5 L per 100
kg of cement.

Fig. 1.

Recycled coarse aggregate.

B. Mix Proportion

The concrete mixes were designed for a target compressive
strength of 30 MPa at 28 days using the British Research
Establishment (BRE) method, in alignment with the typical
structural requirements for recycled aggregate concrete. The
mix proportion was 1:1.3: by weight (Cement: Sand: Coarse
aggregate), with 0.45 water to cement ratio (W/C) to achieve
the required workability of a 60 mm + 5 mm slump. The micro
steel fibers were added with four different volume fractions
that represent a range frequently used in practical applications.

All concrete mixes were prepared with identical proportions:
430 kg/m® cement, 559 kg/m? sand, 1118 kg/m® recycled
coarse aggregate, and 4.3 L/m> superplasticizer. Micro steel
fibers were added at varying volume fractions of 0%, 0.4%,
0.6%, 0.8%, and 1% in mixes MO to M4, respectively.

Fig. 2. Micro steel fibers used in the study.

The mixing process was carried out using an electrically
operated mechanical mixer, as portrayed in Figure 3. First, the
dry ingredients, consisting of cement, sand and gravel, were
mixed at a high speed for 2 min. Then the micro steel fibers
were added gradually to the dry mix to avoid the balling or
clumping at a moderate speed.

Fig. 3.

Electrically operated mechanical mixer.

During the mixing process, the micro steel fibers dispersed
randomly through the mixture. After that, the required amount
of water and superplasticizer was added. Finally, the concrete
was mixed at a low to moderate speed for about 3-5 min until
the mix was uniform and workable. The mixture was visually
inspected to ensure that the steel fibers were not clustered or
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sticking together. At the end, the mixtures underwent a
standard curing process, which involved immersing them in
water in a controlled environment at room temperature.

III. TESTING METHODS

The mechanical property tests (destructive and non-
destructive) were performed on five concrete mixes, utilizing
three specimens per test at the age of 28 days. Cubical
specimens of 150 mm were used to determine the dry bulk
density, the ultrasonic velocity pulse, and the compressive
strength in accordance with ASTM C642 [36], ASTM C597
[37], and BS EN 12390-3 [38], respectively. Cylindrical
specimens with dimensions of 100 mm x 300 mm were used to
determine the dynamic modulus of elasticity, based on ASTM
C215 [39], employing the impact resonance method. The static
modulus of elasticity was determined using the uniaxial
compression test; the chord—modulus method was used as
proposed by ASTM C469 [40], and the splitting tensile
strength test of the concrete conforming to the ASTM
C496/C496M [41]. The flexural strength test was conducted
using prism specimens with dimensions of 100 mm x 100 mm
x 400 mm, complying with ASTM C78/C78M [42].

IV. RESULTS AND DISCUSSION

The experimental results are presented in Table I. The
primary parameters evaluated during the study include the
density, UPV, compressive strength, dynamic modulus, static
modulus, splitting tensile strength, and flexural strength.

A. Density Test

The dry density for all concrete mixes is presented in Table
I. As seen in Figure 4, the density of the concrete reinforced
with fibers increases progressively with the inclusion of micro
steel fibers, reaching its peak at 2367 kg/m?® for M3 (0.8 %
fiber content). This increase can be ascribed to the role of
micro steel fibers in enhancing the matrix compaction by
reducing the voids and improving the aggregate interlocking.
However, at 1% fiber content (M4), a slight decrease to 2356
kg/m? is noted, likely due to fiber clustering, which can
introduce micro voids and reduce the packing efficiency of the
mix, which is consistent with the findings in [43].

2380
2360
2340

2320

Density kg/m?

2300

2280
0 0.2 0.4 0.6 0.8 1 1.2

Fiber content (%)

Fig. 4. Relationship between density and steel fiber ratio.

B. UPV Test

Figures 5 and 6 illustrate the correlation between UPV and
two fundamental properties of concrete: compressive strength
and density for concrete mixes containing different ratios of

micro steel fibers after 28 days of curing. The control mix
recorded a UPV of 4430 m/s, while the velocity reached 4690
m/s for M3 (0.8 % fiber content), and was even higher for the
mix with more than 0.8 % fiber content (M4). It can be seen
that there is a slight decrease in the pulse velocity due to the
irregular clumping of fibers, which affected the homogeneity of
the concrete. However, the fibers contributed to controlling the
microcracks and improving the stress distribution under
compression, resulting in a more uniform and compact matrix.
Finally, these results show a behavior similar to that reported in
[26, 27, 44]. Figure 7 displays the process of conducting a UPV
test.
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Fig. 5. Relationship between density and UPV of concrete reinforced with

steel fibers.
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Fig. 6. Relationship between compressive strength and UPV of concrete
reinforced with steel fibers.

C. Compressive Strength Test

The results of the compressive strength test for all concrete
mixes at the age of 28 days are illustrated in Table I and Figure
8. The control mix (MO) had a compressive strength of 34
MPa, while M1, M2, M3, and M4 demonstrated improvements
of 10.8%, 12.9%, 15%, and 13.2%, respectively, compared
with MO. The optimum ratio of micro steel fibers was 0.8 %.
This significant increase in compressive strength can be
attributed to the crack-bridging effect of the micro steel fibers,
which enhances the confinement and delays the crack
propagation under compressive loads, complying with the
findings of [45-47]. Authors in [9] also observed similar
improvements in compressive and flexural strengths of
recycled aggregate concrete by incorporating steel fibers.
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TABLE L. TEST RESULTS OF THE CONCRETE MIXES
. . 3 Compressive strength Dynamic Static modulus Splitting Flexural
Mixes Density (kg/m’) UPV (m/s) (MPa) modulus (GPa) (GPa) strength (MPa) strength (MPa)
MO 2290 4430 34.0 23.7 23.4 2.8 3.3
Ml 2325 4510 37.7 24.2 23.9 3.0 3.9
M2 2354 4620 38.4 24.9 24.8 34 5.2
M3 2367 4690 39.1 264 26.1 3.9 6.1
M4 2356 4630 38.5 26.3 25.2 3.7 5.8

Fig. 7.

Conduction of UPV test.

While the peak strength was achieved at 0.8% fiber content,
a slight reduction was observed at 1%. This is likely due to the
decreased workability and fiber clustering, which negatively
affected the fiber dispersion and created weak zones in the
concrete matrix. This behavior is consistent with the findings of
[24, 27, 48], which suggest that an excessive fiber content may
lead to fiber clustering, reduced matrix uniformity, and stress
concentration effects. Authors in [28] also noted a similar
compressive strength decline, reporting approximately a 7%
reduction in compressive strength when the steel fiber content
increased from 0.5% to 1.25%. The failure of a concrete cube
after the compressive strength test is shown in Figure 9.

40
39
38
37
36
35
34

Compressive Strength MPa

33
0 0.2 0.4 0.6 0.8 1 1.2

Fiber content (%)

Fig. 8.
ratios.

The relationships between the compressive strength and steel fiber

Fig. 9.

D. Static and Dynamic Test

The static and dynamic moduli of elasticity exhibit positive
correlations with the fiber content, as demonstrated in Figure
10. The dynamic modulus rises from 23.4 GPa (M0) to 26.4
GPa (M3), reflecting a maximum improvement of 11.3 %.
Similarly, the static modulus rises from 23.7 GPa to 26.1 GPa
with maximum improvements of 11.5 % compared with MO.
Figure 11 illustrates the relationship between the static and
dynamic moduli of elasticity of concrete mixes containing
different ratios of steel fibers. Previous research [13] suggests
that the fiber reinforcement enhances the stiffness and
resistance to deformation under loading, additionally authors in
[17] noted that the incorporating of steel fibers can increase the
modulus of elasticity by up to 29%, which supports the trends
observed in the current study. Finally, the inclusion of fibers
improves both the static and dynamic responses, making
concrete reinforced more suitable for applications requiring
high stiffness and structural integrity. Figure 12 displays the
results of the static and dynamic modulus of elasticity tests.
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Fig. 10.  Relationship between the static and dynamic modulus of elasticity

of concrete and the steel fiber ratio.
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Fig. 11.  Relationship between static and dynamic modulus of elasticity of

concrete mixes containing different ratios of steel fibers.

(a) (b)

Fig. 12.
elasticity tests.

E. Splitting Tensile Strength Test

The splitting tensile strength results of concrete mixes at the
age of 28 days are shown in Table I and Figure 13. The
inclusion of fibers significantly improves the tensile resistance
of concrete. The control mix (MO) records a strength of 2.8
MPa, peaking at 3.9 MPa for M3 (0.8% fiber content),
indicating a 39.2 % improvement. Micro steel fibers act as
bridges across these cracks under impact loading, effectively
bearing tensile stresses and maintaining the bond between the
two sides of the crack. Consequently, the appearance of the
first crack was delayed, and failure was postponed for several
impact blows. These findings are consistent with those of [49],
where a 28.5% and 17.1% improvement in splitting tensile
strength was reported for medium and high-strength concrete
specimens, respectively, with the addition of 2 % steel fibers.

(a) Static modulus of elasticity tests, (b) dynamic modulus of

However, the results show a slight reduction in the splitting
strength from 1% to 3.7 MPa. This is likely due to the fiber
agglomeration and decreased workability at higher volumes,
which may impair the fiber distribution and reduce the
effective stress transfer [48]. Figure 14 displays the splitting
tensile strength test.

4.25

Splitting tensile strength (MPa)

0 0.2 04 0.6 0.8 1 1.2
Fiber content (%)

Fig. 13.
fiber ratio.

Relationship between the splitting tensile strength and the steel

Fig. 14.

Splitting tensile strength test.

F. Flexural Strength Test

The flexural strength results of the concrete mixes at the
age of 28 days are displayed in Table I and Figure 15. The
control mix (MO) had a flexural strength of 3.3 MPa. In
comparison, the mixes M1, M2, M3, and M4 demonstrated
improvement with ratios of 18.1%, 57.5%, 84.8%, and 75.7%,
respectively, compared with MO. This significant increase can
be attributed to the enhanced post crack load bearing capacity.
The ideal ratio of micro steel fibers was determined to be 0.8
%. These results are consistent with the findings in [46, 50, 51].
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However, there was a minor reduction at 1 % fiber content
(M4), where the flexural strength decreased to 5.8 MPa. An
excessive fiber content may create inconsistencies in fiber
distribution, leading to local stress imbalances. Figure 16
presents the flexural strength test.
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g ..
= 55
<
g s
-
-
& 45
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g
2 35
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3
0 0.2 0.4 0.6 0.8 1 1.2
Fiber content (%)
Fig. 15.  Relationship between flexural strength and steel fibers ratios.

Fig. 16.

Flexural strength test.

V. CONCLUSIONS

The combined analysis of both the destructive and non-
destructive testing results shows that the micro steel fibers
enhance the mechanical properties of sustainable concrete and
improve its internal integrity and homogeneity. The Ultrasonic
Pulse Velocity (UPV) testing proves to be a valuable non-
destructive method to predict the compressive strength, assess
the crack resistance, and evaluate the overall quality of micro
Steel Fiber-Reinforced Concrete (SFRC). An optimal fiber
content of 0.8% achieves a balance between the mechanical
performance and material integrity, serving as a reliable guide
for practical applications. Based on the results and analyses, the
following conclusions are drawn:

e The results indicate the possibility of adopting zero-cost
coarse aggregate produced from old concrete as a
sustainable aggregate for producing concrete reinforced
with micro steel fibers.

e The inclusion of micro-steel fibers resulted in significant
improvements in compressive strength, with maximum
increments observed at 0.8 % fiber content, representing a
15 % enhancement over the control mix. This finding aligns
with the UPV results, where the highest velocity was
recorded at the same fiber content, indicating a more
compact and uniform concrete matrix with fewer internal
defects. The positive correlation between the compressive
strength and UPV demonstrates that UPV effectively
predicts the compressive strength in fiber-reinforced
concrete.

e The incorporation of micro-steel fibers improved both the
static and dynamic moduli of elasticity, with an optimal
performance observed at a fiber content of 0.8%. The
relationship between the enhanced dynamic modulus and
higher UPV values indicates better stiffness and crack
resistance under cyclic and impact loading. Since the
dynamic modulus relies on the wave propagation, the
strong correlation between the UPV and the dynamic
modulus confirms the efficiency of UPV in assessing the
concrete stiffness.

e The maximum splitting tensile strength was achieved at
0.8% fiber content, showing a 39.2 % improvement.

e The flexural strength significantly improved with the
inclusion of fibers, reaching an 84.8 % at 0.8% fiber
content. This improvement aligns with the observed
increase in concrete density up to 0.8 % fiber content, as
denser concrete typically exhibits greater flexural strength.
The slight decrease in flexural strength and density beyond
0.8 % suggests a potential issue of fiber agglomeration.

ACKNOWLEDGMENT

The authors express their gratitude to Mustansiriyah
University, Baghdad, Iraq, for supporting this work.

REFERENCES

[1] S. R. R. T. Prathipati and C. B. K. Rao, "A Study on the Uniaxial
Behavior of Hybrid Graded Fiber Reinforced Concrete with Glass and
Steel Fibers," Materials Today: Proceedings, vol. 32, pp. 764-770,
2020, https://doi.org/10.1016/j.matpr.2020.03.558.

[2] S. Cao, G. Xue, and E. Yilmaz, "Flexural Behavior of Fiber Reinforced
Cemented Tailings Backfill Under Three-Point Bending," IEEE Access,
vol. 7, pp- 139317-139328, 2019,
https://doi.org/10.1109/ACCESS.2019.2943479.

[3] A. M. Neville, Properties of concrete, Ed. 5th. Noida: Pearson, 2013.

[4] J. Sanjeev and K. J. N. Sai Nitesh, "Study on the Effect of Steel and
Glass Fibers on Fresh and Hardened Properties of Vibrated Concrete and
Self-compacting Concrete," Materials Today: Proceedings, vol. 27, pp.
1559-1568, 2020, https://doi.org/10.1016/j.matpr.2020.03.208.

[5] A. Hassan, A. EINemr, L. Goebel, and C. Koenke, "Effect of Hybrid
Polypropylene Fibers on Mechanical and Shrinkage Behavior of Alkali-
activated Slag Concrete," Construction and Building Materials, vol. 411,
Jan. 2024, Art. no. 134485,
https://doi.org/10.1016/j.conbuildmat.2023.134485.

[6] W. Ahmad et al., "Effect of Coconut Fiber Length and Content on
Properties of High Strength Concrete," Materials, vol. 13, no. 5, Feb.
2020, Art. no. 1075, https://doi.org/10.3390/mal3051075.

[71 A. Rana, "Some Studies on Steel Fiber Reinforced Concrete,"
International Journal of Emerging Technology and Advanced
Engineering, vol. 3, no. 1, pp. 120-127, Jan. 2013.

www.etasr.com

Alkhafaji et al.: Mechanical Properties of Sustainable Concrete Reinforced with Micro Steel Fibers



Engineering, Technology & Applied Science Research

Vol. 15, No. 5, 2025, 27436-27444 27443

(8]

[9]

[10]

(11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

(21]

[22]

[23]

(24]

A. A. Jhatial, S. Sohu, N.-K. Bhatti, M. T. Lakhiar, and R. Oad, "Effect
of Steel Fibres on the Compressive and Flexural Strength of Concrete,"
International Journal of Advanced and Applied Sciences, vol. 5, no. 10,
pp. 16-21, Oct. 2018, https://doi.org/10.21833/ijaas.2018.10.003.

N. Kachouh, H. El-Hassan, and T. El-Maaddawy, "Effect of Steel Fibers
on the Performance of Concrete Made with Recycled Concrete
Aggregates and Dune Sand," Construction and Building Materials, vol.
213, pp. 348-359, July 2019,
https://doi.org/10.1016/j.conbuildmat.2019.04.087.

R. Prakash et al., "Effect of Steel Fiber on the Strength and Flexural
Characteristics of Coconut Shell Concrete Partially Blended with Fly
Ash," Materials, vol. 15, no. 12, June 2022, Art. no. 4272,
https://doi.org/10.3390/ma15124272.

O. Karahan, E. Ozbay, C. D. Atis, M. Lachemi, and K. M. A. Hossain,
"Effects of Milled Cut Steel Fibers on the Properties of Concrete," KSCE
Journal of Civil Engineering, vol. 20, no. 7, pp. 2783-2789, Nov. 2016,
https://doi.org/10.1007/s12205-016-0577-3.

Z. Guo, "Experimental Study on the Effect of Volume Ratio of Steel
Fiber on Mechanical Properties of Ceramsite Concrete," Open Access
Library  Journal, vol. 09, mno. 04, pp. 1-12, 2022,
https://doi.org/10.4236/0alib.1108571.

R. Fediuk, M. A. Mosaberpanah, and V. Lesovik, "Development of
Fiber Reinforced Self-Compacting Concrete (FRSCC): Towards an
Efficient Utilization of Quaternary Composite Binders and Fibers,"
Advances in concrete construction, vol. 9, no. 4, pp. 387-395, Apr.
2020, https://doi.org/10.12989/ACC.2020.9.4.387.

K. Murali and T. Meena, "An Experimental Investigation on the
Mechanical Properties of Steel Fiber Reinforced Geopolymer Concrete,"
Advances in concrete construction, vol. 12, no. 6, pp. 499-505, Dec.
2021, https://doi.org/10.12989/ACC.2021.12.6.499.

P. S. Song and S. Hwang, "Mechanical Properties of High-strength Steel
Fiber-reinforced Concrete," Construction and Building Materials, vol.
18, no. 9, . 669-673, Nov. 2004,
https://doi.org/10.1016/j.conbuildmat.2004.04.027.

J. Thomas and A. Ramaswamy, "Mechanical Properties of Steel Fiber-
Reinforced Concrete," Journal of Materials in Civil Engineering, vol.
19, no. 5, pp. 385-392, May 2007, https://doi.org/10.1061/(ASCE)0899-
1561(2007)19:5(385).

M. A. Shallal and S. R. Al-Owaisy, "Strength and Elasticity of Steel
Fiber Reinforced Concrete at High Temperatures," Journal of
Engineering and Development, vol. 11, no. 2, pp. 125-133, Sept. 2007.

H. K. Shehab El-Din, H. A. Mohamed, M. A. E.-H. Khater, and S.
Ahmed, "Effect of Steel Fibers on Behavior of Ultra High Performance
Concrete," in First International Interactive Symposium on UHPC, pp.
1-10, July 2016, https://doi.org/10.21838/uhpc.2016.11.

J. Ahmad, Z. Zhou, and A. F. Deifalla, "Steel Fiber Reinforced Self-
Compacting Concrete: A Comprehensive Review," International
Journal of Concrete Structures and Materials, vol. 17, no. 1, Oct. 2023,
Art. no. 51, https://doi.org/10.1186/s40069-023-00602-7.

K. H. Younis, F. F. Jirjees, H. K. Yaba, and S. M. Maruf, "Experimental
Study on Impact Resistance of Concrete Containing Steel Fibers," Key
Engineering ~ Materials, vol. 872, pp. 1-6, Jan. 2021,
https://doi.org/10.4028/www.scientific.net/ KEM.872.1.

F. Germano, G. Tiberti, and G. Plizzari, "Post-Peak Fatigue Performance
of Steel Fiber Reinforced Concrete Under Flexure," Materials and
Structures, vol. 49, mno. 10, pp. 42294245, Oct. 2016,
https://doi.org/10.1617/s11527-015-0783-3.

I. Ahmad, L. Qing, S. Khan, G. Cao, N. Jjaz, and R. Mu, "Experimental
Investigations on Fracture Parameters of Random and Aligned Steel
Fiber Reinforced Cementitious Composites," Construction and Building
Materials, ~ vol. 284, May 2021, Art. no. 122680,
https://doi.org/10.1016/j.conbuildmat.2021.122680.

F. Bencardino, L. Rizzuti, G. Spadea, and R. N. Swamy, "Experimental
Evaluation of Fiber Reinforced Concrete Fracture Properties,"
Composites Part B: Engineering, vol. 41, no. 1, pp. 17-24, Jan. 2010,
https://doi.org/10.1016/j.compositesb.2009.09.002.

B. Gebretsadik, K. Jadidi, V. Farhangi, and M. Karakouzian,
"Application of Ultrasonic Measurements for the Evaluation of Steel

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

Fiber Reinforced Concrete," Engineering, Technology & Applied
Science Research, vol. 11, no. 1, pp. 6662-6667, Feb. 2021,
https://doi.org/10.48084/etasr.3915.

A. Krishna et al., "Mechanical Properties of High-strength Micro Steel
Fibre Reinforced Concrete Subjected to High Temperatures," Materials
Today: Proceedings, Nov. 2023, Art. no. S221478532305126X,
https://doi.org/10.1016/j.matpr.2023.11.055.

F. H. Hanafi, S. Shahidan, S. Ramasamy, and N. I. R. R. Hannan, "The
Efficiency of Micro Steel Fiber (MSF) in Concrete Performance by
Using Ultrasonic Pulse Velocity (UPV)," Recent Trends in Civil
Engineering and Built Environment, vol. 2, no. 1, pp. 673-681, June
2021.

N. I Zulkifli et al., "Experimental Investigation of Ultrasonic Pulse
Velocity (UPV) Test Specimen in assessing the Strength of Steel Fiber
Reinforced Concrete Structure," Journal of Advanced Industrial
Technology and Application, vol. 2, no. 2, pp. 34—41, Dec. 2021.

S. Igbal, A. Ali, K. Holschemacher, and T. A. Bier, "Effect of Change in
Micro Steel Fiber Content on Properties of High Strength Steel Fiber
Reinforced Lightweight Self-Compacting Concrete (HSLSCC),"
Procedia Engineering, vol. 122,  pp. 88-94, 2015,
https://doi.org/10.1016/j.proeng.2015.10.011.

B. Chun and D.-Y. Yoo, "Hybrid Effect of Macro and Micro Steel Fibers
on the Pullout and Tensile Behaviors of Ultra-high-performance
Concrete," Composites Part B: Engineering, vol. 162, pp. 344-360, Apr.
2019, https://doi.org/10.1016/j.compositesb.2018.11.026.

A. Gholampour and T. Ozbakkaloglu, "Fiber-reinforced Concrete
Containing Ultra High-strength Micro Steel Fibers Under Active
Confinement," Construction and Building Materials, vol. 187, pp. 299—
306, Oct. 2018, https://doi.org/10.1016/j.conbuildmat.2018.07.042.

T. Alomayri, A. Raza, and F. Shaikh, "Effect of Nano SiO2 on
Mechanical Properties of Micro-steel Fibers Reinforced Geopolymer
Composites," Ceramics International, vol. 47, no. 23, pp. 33444-33453,
Dec. 2021, https://doi.org/10.1016/j.ceramint.2021.08.251.

F. Koksal, M. S. Yildirim, A. Benli, and O. Gencel, "Hybrid Effect of
Micro-steel and Basalt Fibers on Physico-mechanical Properties and
Durability of Mortars with Silica Fume," Case Studies in Construction
Materials, vol. 15, Dec. 2021, Art. no. e00649,
https://doi.org/10.1016/j.cscm.2021.e00649.

I. Y. Hakeem, M. Amin, B. A. Abdelsalam, B. A. Tayeh, F. Althoey,
and I. S. Agwa, "Effects of Nano-silica and Micro-steel Fiber on the
Engineering Properties of Ultra-high Performance Concrete," Structural
Engineering and Mechanics, vol. 82, no. 3, pp. 295-312, May 2022,
https://doi.org/10.12989/SEM.2022.82.3.295.

Portland Cement, Iraqi Specification No. 5/2019, Central Organization
for Standardization and Quality Control, Iraqi, 2019.

Concrete and Building Aggregates, Iraqi Specification No. 45/2021,
Central Organization for Standardization and Quality Control, Iraqi,
2021.

Test Method for Density, Absorption, and Voids in Hardened Concrete,
ASTM C642-21, ASTM International, West Conshohocken, PA, USA,
2021, https://doi.org/10.1520/C0642-21.

Test Method for Pulse Velocity Through Concrete, ASTM C597-22,
ASTM International, West Conshohocken, PA, USA, 2022,
https://doi.org/10.1520/C0597-22.

Testing Hardened Concrete - Part 3: Compressive Strength of Test
Specimens, BS EN 12390-3:2009, British Standards Institution, London,
United Kingdom, June 26, 2019.

Test Method for Fundamental Transverse, Longitudinal, and Torsional
Resonant Frequencies of Concrete Specimens, ASTM C215-19, ASTM
International, West Conshohocken, PA, USA, 2019,
https://doi.org/10.1520/C0215-19.

Test Method for Static Modulus of Elasticity and Poissons Ratio of
Concrete in  Compression, ASTM  C469/C469M-14, ASTM
International, West Conshohocken, PA, USA, 2014,

https://doi.org/10.1520/C0469_C0469M-14.

Test Method for Splitting Tensile Strength of Cylindrical Concrete
Specimens, ASTM C496/C496M-17, ASTM International, West

www.etasr.com

Alkhafaji et al.: Mechanical Properties of Sustainable Concrete Reinforced with Micro Steel Fibers



Engineering, Technology & Applied Science Research Vol. 15, No. 5, 2025, 27436-27444 27444

Conshohocken, PA, USA, 2017,
https://doi.org/10.1520/C0496_C0496M-17.

[42] Test Method for Flexural Strength of Concrete (Using Simple Beam with
Third-Point Loading), ASTM C496/C496M-17, ASTM International,
West Conshohocken, PA, USA, 2016,
https://doi.org/10.1520/C0078_C0078M-16.

[43] S. S. Abdulhussein, I. B. Johari, and N. M. Fawzi, "Mechanical
Properties of Aerated-Polystyrene Concrete Reinforced by Polymer
Fibers," Annales de Chimie - Science des Matériaux, vol. 48, no. 4, Aug.
2024, https://doi.org/10.18280/acsm.480401.

[44] A. A. Del Savio, D. La Torre Esquivel, J. Carrillo, and E. Chi Yep,
"Determination ~ of  Polypropylene  Fiber-Reinforced = Concrete
Compressive Strength and Elasticity Modulus via Ultrasonic Pulse
Tests," Applied Sciences, vol. 12, no. 20, Oct. 2022, Art. no. 10375,
https://doi.org/10.3390/app122010375.

[45] 1. Hussain, B. Ali, T. Akhtar, M. S. Jameel, and S. S. Raza, "Comparison
of Mechanical Properties of Concrete and Design Thickness of
Pavement with Different Types of Fiber-reinforcements (Steel, Glass,
and Polypropylene)," Case Studies in Construction Materials, vol. 13,
Dec. 2020, Art. no. e00429, https://doi.org/10.1016/j.cscm.2020.e00429.

[46] Y. Ye, J. Liu, Z. Zhang, Z. Wang, and Q. Peng, "Experimental Study of
High-Strength Steel Fiber Lightweight Aggregate Concrete on
Mechanical Properties and Toughness Index," Advances in Materials
Science and Engineering, vol. 2020, no. 1, Jan. 2020, Art. no. 5915034,
https://doi.org/10.1155/2020/5915034.

[47] S. R. Abid et al., "Impact Performance of Steel Fiber-Reinforced Self-
Compacting Concrete against Repeated Drop Weight Impact," Crystals,
vol. 11, no. 2, Jan. 2021, Art. no. 91,
https://doi.org/10.3390/cryst11020091.

[48] S. Alqawzai, B. Yang, B. Alsubari, H. S. Abdulaali, M. Elchalakani, and
A. Al-Nini, "Experimental Database on Pullout Bond Performance of
Steel Fiber Embedded in Ultra-high-strength Concrete," Tikrit Journal of
Engineering Sciences, vol. 29, no. 1, pp. 60-82, Mar. 2022,
https://doi.org/10.25130/tjes.29.1.06.

[49] A. Khaloo, E. Molaei Raisi, P. Hosseini, and H. Tahsiri, "Mechanical
Performance of Self-compacting Concrete Reinforced with Steel Fibers,"
Construction and Building Materials, vol. 51, pp. 179-186, Jan. 2014,
https://doi.org/10.1016/j.conbuildmat.2013.10.054.

[50] K. H. Chachar, M. Oad, B. A. Memon, Z. A. Siyal, and K. F. Siyal,
"Workability and Flexural Strength of Recycled Aggregate Concrete
with Steel Fibers," Engineering, Technology & Applied Science
Research, vol. 13, no. 3, pp. 11051-11057, June 2023,
https://doi.org/10.48084/etasr.5921.

[51] S. S. Abdulhussein, S. F. Alkhafaji, and R. M. Kudadad, "Influence of
Chopped Carbon Fibers Addition with Different Curing Methods on the
Mechanical Properties of Cement Mortar Performance,” Key
Engineering  Materials, vol. 972, pp. 145-151, Dec. 2023,
https://doi.org/10.4028/p-VbcA3k.

www.etasr.com Alkhafaji et al.: Mechanical Properties of Sustainable Concrete Reinforced with Micro Steel Fibers



