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ABSTRACT: Industrial steel fibers (ISFs) are the most widely-used fibers for concrete reinforcement.
The industrial production of these fibers is costly, and it contributes to Greenhouse gas emissions. The
present study, therefore, aims to explore the ways in which these fibers can be replaced by recycled steel
fibers (RSFs) made of scrap vehicle tires. To this end, the present study examined 13 mixtures containing
different volume percentages (0%, 0.5%, 1%, 1.5%, and 2%) of ISFs, RSFs, and their combinations.
The examinations included rheological properties of the fresh self-compacting concrete (J-ring, L-box,
U-box, and V-funnel tests), mechanical properties of the hardened concrete (compressive, Brazilian  Keywords:
tensile, and flexural strength tests), environmental characteristics (global warming potential (GWP)), o

and economic characteristics. Results showed that RSFs had a poorer performance than ISFs in terms of
mechanical properties. The use of 2% ISFs increased the splitting tensile and flexural strengths by 114%
and 82%, respectively, while the same amount of RSFs increased these parameters by 80% and 44%,
respectively. On the other hand, RSFs showed better performance than ISFs in terms of rheological,
environmental, and economic characteristics. Replacing ISFs with RSFs in mixtures containing 2%

RSF

Self-compacting concrete
Mechanical properties
Optimization.

fibers could improve the rheological, environmental, and economic characteristics by 8%, 30%, and

65%, respectively. Finally, given the multi-criteria optimization results, RSFs were superior to ISFs in

terms of rheological, mechanical, environmental, and economic characteristics.

1- Introduction

Concrete is one of the most widely-used materials in civil
engineering projects, and it shows an excellent performance
in terms of compressive strength [1, 2]. In recent decades,
fibers have been commonly used to reinforce the concrete,
particularly when it is under tensile and flexural forces [3].
One of the most widely-used fibers for the improvement of
concrete performance is steel fiber [4, 5]. During several
decades, various types of steel fibers have been used within
concretes, and they have had different shapes, lengths, and
diameters [6, 7]. Over 300 thousand tons of steel fibers are
annually used across the world, 90% of which are industrially
produced [6], although the industrial production of steel
fibers is costly, and it significantly contributes to emissions
[8]. For this reason, researchers have been trying in recent
years to find an appropriate replacement for industrial steel
fibers within concretes.

On the other hand, the total number of scrap tires across the
world is estimated to be around 1 billion each year [9], out
of which only 33% are recycled, with the remaining being
burned or left out in nature. Burning or leaving out scrap tires
in nature can cause significant environmental problems, and
seems that recycling is a way to resolve these problems [10].
Powdered of scrap tires can be used to produce new tires or
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tar, and the wires in the scrap tires can be used to produce
fiber-reinforced concretes [11]. Therefore, researchers have
been trying to use the fibers obtained from scrap tires as one
of replacements for industrial steel fibers.

The present study comprehensively compares the influence
of industrial steel fibers (ISFs) to that of recycled steel fibers
(RSFs) on the behaviors of self-compacting concretes. The
comparisons include rheological, mechanical, environmental,
and economic aspects. To this end, 13 mixtures containing
0%, 0.5%, 1%, 1.5%, and 2% volume fractions of ISFs,
RSFs, and a combination of both fibers were studied. Finally,
a multi-criteria optimization was used to select the optimal
mixtures.

2- Methodology

Materials: Ordinary Portland cement (Type II), recommended
by ASTM C 150 [12], was used to make the specimens. The
specific weight and the special surface of the cement were
3.1 and 3000 , respectively. The fine aggregates used in the
present study were mountainous crystals, and the coarse
aggregates were mountainous pea-shaped gravels. The water
used to make the specimens was ordinary drinking water, and
the polycarboxylate superplasticizer, Trademark dezobuild
D40, was used to ensure the sufficient concrete workability.
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ISFs

Fig. 1. Pictures of ISFs and RSFs.

The present study used two types of fibers including ISFs and
RSFs for the production of fiber-reinforced concretes. The
ISFs used in this study were hooked-end fibers with 50 mm
and 0.8 mm length and diameter, respectively. As RSFs had
different appearances, 200 RSFs were precisely measured
to obtain a working specification for the present study. The
measurements showed that a considerable number of fibers
had a length ranging from 30 mm to 50 mm and a diameter
ranging from 0.2 mm to 0.3 mm. Fig. 1 shows the pictures of
ISFs and RSFs used in this study.

Mix designs and specimens preparation: The present study
used 13 mixtures containing 0%, 0.5%, 1.5%, and 2% volume
fractions of ISFs, RSFs, and a combination of both fibers to
develop the specimens. The construction of concretes was
started when the dry cement and aggregates were blended in
the mixer. After 2 minutes, 90% of the water was gradually
added to the mixture. The remaining 10% of the water was
mixed with SP and then was added to the mixture. To prevent
the fibers from clumping/collating together, ISFs and or
RSFs were added to the concrete in the last stage [13]. The
specimens were cured in water for 28 days and then were
tasted.

3- Results and Discussion

ISFsand RSFsnegatively influenced the rheological properties
of self-compacting concretes, such as workability, slump flow
rate, filling ability, and passing ability. The negative influence
was more notable in the concretes containing ISFs.

The ISFs and RSFs effects on the compressive strength were
insignificant (less than 10%). The addition of ISFs (up to
1.5% volume fraction) to concrete insignificantly increased
the compressive strength, but the addition of ISFs beyond
1.5% decreased the compressive strength of concretes.
The ISFs performance was more desirable when the ratios
were low (i.e. 0.5% and 1% volume fractions) but the RSFs
performance was better in the compressive strength tests when
the ratios were high (i.e. 1.5% and 2% volume fractions).
The tensile strength of concrete was considerably increased
as a result of ISFs and RSFs addition. Due to their longer
lengths and their hooked ends, ISFs had more significant
effects on the tensile strengths of concretes, as compared to
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RSFs. The specimens containing 2% ISFs volume fractions
had the highest tensile strength, while the specimens
containing the same amount of RSFs did not have the same
increase (and actually, their tensile strengths were 80% that of
those containing ISFs).

The flexural strength of concrete containing ISFs and RSFs
were significantly increased. The increased strength was due
to the fact that the flexural cracks were healed by ISFs, and
RSFs. The ISFs showed a better behavior in terms of bridging
the flexural cracks, as compared to the RSFs. The addition
of 2% ISFs and RSFs volume fractions could increase the
flexural strength of concrete beams as much as 82% and 44%,
respectively.

In terms of flexural energy absorption as a very important
parameter for the post-cracking behavior of concrete beams,
the ISFs and RSFs were significantly effective at improving
flexural performance of concrete beams. Due to their longer
lengths and their hooked ends, however, the ISFs showed a
better performance in this respect. The replacement of ISFs
by RSFs decreased the flexural energy absorption from 214.9
Jto 118.7 J in the concrete beams containing 2% fiber volume
fractions.

Economic analysis of the mixtures showed that RSFs are more
economical than ISFs, for reinforcing Concretes. Moreover,
the GWP analysis of mixtures indicated that RSFs are more
environmentally friendly than ISFs, and in other words, they
are more sustainable than ISFs.

4- Conclusion

The multi-criteria optimization of mixtures indicated
that RSFs are more valuable than ISFs when the aim is to
obtain optimal rheological, mechanical, environmental, and
economic characteristics.

References

[1] A. Sahraei Moghadam, F. Omidinasab., Assessment of
hybrid FRSC cementitious composite with emphasis
on flexural performance of functionally graded slabs,
Construction and Building Materials, 250 (2020) 118904.

[2]F. Omidinasab, A. Sahraci Moghadam., Effect of
Purposive Distribution of Fibers to Prevent the
Penetration of Bullet in Concrete Walls, KSCE Journal
of Civil Engineering, 25(3) (2021) 843—-853.

[3]M. Mastali, A. Dalvand, A. R. Sattarifard, Z.
Abdollahnejad, B. Nematollahi, J. G. Sanjayan, M.
Illikainen., A comparison of the effects of pozzolanic
binders on the hardened-state properties of high-strength
cementitious composites reinforced with waste tire
fibers, Compos. Pt. B-Eng, 162 (2019) 134-153.

[4] 1. Havlikova, I. Merta, A. Schneemayer, V. Vesely, H.
Simonova, B. Korycanska, Z. Kersner., Effect of fiber
type in concrete on crack initiation, Appl. Mech. Mater,
769 (2015) 308-311.

[5]A. Sahraci Moghadam, F. Omidinasab, A. Dalvand.,
Experimental investigation of (FRSC) cementitious
composite functionally graded slabs under projectile
and drop weight impacts, Construction and Building
Materials, 237 (2020) 117522.



A. h. Sahraei Moghadam and A. r. Mirza Goltabar RoshanAmirkabir J. Civil. Eng., 55(7) (2023) 315-318, DOI: 10.22060/ceej.2023.21567.7760

[6] A.E. Naaman., Engineered steel fibres with optimal
properties for reinforcement of cement composites, Adv.
Concr. Technol, 1 (2003) 241-252.

[7IN. Spinella., Shear strength of full-scale steel fibre-
reinforced concrete beams without stirrups, Comput.
Concr, 11 (2013) 365-382.

[8]L. Lourenco, Z. Zamanzadeh, J.A.O. Barros, M.
Rezazadeh., Shear strengthening of RC beams with thin
panels of mortar reinforced with recycled steel fibres, J.
Clean.Prod, 194 (2018) 112-126.

[91G. Baghban Golpasand, M. Farzam, S. Soleymani
Shishvan., Behavior of recycled steel fiber reinforced
concrete under uniaxial cyclic compression and biaxial
tests, Construction and Building Materials, 263 (2020)
120664.

[L0O]M. Leone, F. Micelli, M.A. Aiello, G. Centonze, D.
Colonna., Experimental study on bond behavior in fiber-
reinforced concrete with low content of recycled steel
fiber, J. Mater. Civ. Eng, 28 (9) (2016) 87-99.

[I1]M. Jalal., Compressive strength enhancement of
concrete reinforced by waste steel fibers utilizing nano
Si02, Middle East J. Sci. Res, 12 (3) (2012) 382-391.

[121ASTM C150 (2012). “Standard Specification for
Portland Cement.”

[13]A. Sahraei Moghadam, F. Omidinasab, A. Dalvand.,
Flexural and impact performance of functionally graded

reinforced cementitious composite (FGRCC) panels,
Structures, 29 (2021) 1723-1733.

HOW TO CITE THIS ARTICLE

DOI: 10.22060/ceej.2023.22071.7895

A. h. Sahraei Moghadam, A. r. Mirza Goltabar Roshan, Rheological, mechanical,
environmental, and economic comparison of the use of industrial and recycled steel fibers
in self-compacting concrete, Amirkabir J. Civil Eng., 55(7) (2023) 315-318.

317






	Blank Page - EN.pdf
	_GoBack




