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ABSTRACT

An experimental program is conducted in this research to investigate the mechanical
properties of concrete made with electric wires, steel fibers, basalt fibers, and
polypropylene fibers. Fibers are added to the concrete mix in three different percentages
(48, 32 and 16 kg/m3 for steel and wire fibers) and (2, 4 and 8 kg/m* for basalt and
polypropylene fibers). Fifty two concrete cylinders are tested under compression and
splitting tensile strength tests to investigate the compressive and tensile behaviors of the
fibrous concrete. Test results have shown that steel fiber is superior over the other types
of fibers in increasing the compressive and tensile strengths of concrete. The addition of
48 kg/m3 steel fiber has increased the compressive strength of concrete up to 9% and has
duplicated its tensile strength compared to the control specimen. The addition of 2 kg/
m3 polypropylene fibers has increased the compressive and tensile strengths of concrete
up to 8.6% and 10.3% respectively. Increasing the percentage of polypropylene fibers
to 8 kg/m? has resulted in increasing the tensile strength of concrete up to 22.8% while
it has reduced its compressive strength by 9.6% compared to the control specimen. The
addition of basalt fibers and wire fibers has resulted in decreasing the compressive and
tensile strengths of concrete. The maximum reduction in concrete compressive strength
is measured with 48 kg/m3 wire fibers where concrete compressive strength is reduced
by 32.6%. The lowest tensile strength is measured with 8 kg/m? basalt fibers where the
tensile strength is reduced by 27.7%.

Keywords: Concrete mechanical properties; Recycled electric wires; Steel fibers;
Basalt fibers and Polypropylene fibers

1 INTRODUCTION

Several experimental programs have been recently conducted to investigate the
mechanical properties of concrete made with several types and percentages of natural
and synthetic fibers. Natural fibers are fibers that found in the nature such as coconut,
horse tail etc. while synthetic fibers are prepared by humans such as carbon, glass, steel,
and basalt fibers, etc. Few studies have recently investigated the mechanical behavior
of concrete made with waste materials such as plastic, iron filling, rubber etc. (Murad,
Abu-Haniyi, Alkaraki & Hamadeh, 2018) have investigated the compressive and tensile
behaviors of concrete made with iron fillings. Researchers have shown that steel fibers
have limited effect on the compressive strength of concrete (Ou, Tsai, Liu & Chang,
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2012) while they can reduce the width and quantity of cracks in concrete elements
(Amin & Foster, 2016). The compressive strength of concrete has been increased up to
21.67% due to the addition of 0.2% pvc fibers at 28 days (Nidhish & Arunima S, 2017).
Other researchers have sown that the use of 0.8% of pvc fibers is an optimum percentage
and they have also recommended that pvc concrete can be used as an alternative to plain
concrete (Varghese & Boby, 2017). Gull et al. have shown that pvc can enhance the
mechanical behavior of concrete (Gull & Balasubramanian, 2014).

Alnahhal et al. have shown that concrete compressive strength has not been changed
due to the addition of basalt fibers (Alnahhal & Aljidda, 2018). Other researchers have
shown that the mechanical properties of concrete has been improved due to the addition
of fiber (Jaysing & Joshi, 2014). Sahoo et al. (Sahoo, Solanki & Kumar, 2015) have
shown that the compressive and tensile strengths of concrete have not been improved
due to the addition of polypropylene fibers while they have shown that the addition of
steel and polypropylene fibers can improve the concrete tensile strength about 25-100% .

This research investigates the compressive and tensile behavior of concrete made
with electric wires, steel fibers, basalt fibers and polypropylene fibers. Fibers are added
in three different percentages (5%, 10% and 15% for steel and wire fibers) and (0.6%,
1.3% and 2.5% for basalt and polypropylene fibers) of the total cement weight. The
research suggests the preferable type and percentage of fibers that can improve the
mechanical properties of concrete.

2 MATERIAL PROPERTIES

The proportions of the plain concrete mix which used in this research are shown in
Table 1 where the compressive and tensile strengths of the plain concrete are 41.7 MPa
and 3.4 MPa respectively. Four different types of fibers, shown in Figure 1, are added
solely to the concrete mix in three different percentages; (48, 32 and 16 kg/m? for steel
and wire fibers which equal to 5%, 10% and 15% fibers of the total cement weight)
and (2, 4 and 8 kg/m? for basalt and polypropylene fibers which equal to 0.6%, 1.3%
and 2.5% fibers of the total cement weight). The selected percentages are close to the
proportions proposed by the manufactures for each type of fiber. It should be noted that
copper is removed from the electric wires and then the electric pvc plastic wires are cut
into pieces with fixed length of 60 mm. The properties of the utilized fibers are shown
in Table 2.

Table 1: Concrete mix proportions

Materials Weight (Kg/m?)
Cement 325
Water 190
Fine aggregate 1070
Sand 690
Super — Plasticizer 1.195
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Table 2: Fiber properties

Fiber type Lilllrit h Diameter Aspect ratio (L/D) Density g/cm?
Steel fiber 60 0.75 mm 80 7.8
Polypropylene 54 0.80 mm 76.5 0.91
Basalt 60 22 um 27273 2.7
Wires 60 0.75 mm 80 1.38

(a) steel fibers » (b) pvc wires (c) polypropylen ; (d) basalt 7
Figure 1: The utilized fibers

3 EXPERIMENTAL PROGRAM

Fifty two cylinders are tested in this research in order to investigate the compressive
and tensile behavior of concrete made with electric pve wires, polypropylene fibers, steel
fibers and basalt fibers. Twenty six cylinders are tested under compression strength test
while the other twenty six cylinders are tested under splitting tensile strength test. The

dimensions of the concrete cylinders are 150mm x 300mm. The test setup is shown in
Figure 2.

(a) Compression test (b) splitting tensile test
Figure 2: Test setup

4 TEST RESULTS AND DISCUSSION

Test results are listed in Table 3. Steel fibers and electric wires are added in three
different percentages 5%, 10% and 15% of the total cement weight. The addition of
15% steel fibers has duplicated the tensile strength of concrete and it has increased its
compressive strength up to 8.9% compared to the control plain concrete. The addition of
5% and 10% steel fibers has insignificant effect on the compressive strength of concrete
while it has increased its tensile strength up to 59% and 35% respectively.

Electric pvc plastic wires are recycled into concrete in three different percentages.
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The addition of wires has an adverse effect on the compressive and tensile strengths of
concrete. The addition of 5%, 10% and 15% wires has reduced the compressive strength
of concrete by 15%, 19% and 32.6% respectively. The tensile strength of concrete is
also reduced by 20%, 15% and 25% due to the addition of 5%, 10% and 15% wires
respectively. A comparison is made between the compressive and tensile strengths of
the plain concrete and the concrete made with electric wires and steel fibers as shown in
Figure 3 and Figure 4.

Basalt and polypropylene fibers have been added to the concrete mix in three different
percentages 0.6%, 1.3% and 2.5% of the total cement weight. The addition of basalt
fibers in any percentage has an adverse effect on the compressive and tensile strengths
of concrete. The addition of 2.5% basalt fibers has reduced the compressive and tensile
strength of concrete by 7% and 27.6% respectively. Decreasing the percentage of basalt
fibers to 5 % and 10% has reduced the compressive strength of concrete by 12% and
11% respectively moreover it has decreased the tensile strength of concrete by 11.6%
and 11% respectively.

The effect of basalt fibers on the tensile and compressive strengths of concrete is still
unclear. Previous experimental results have shown the addition of basalt fibers increased
the tensile and compressive strength of concrete while other studies have shown the
opposite. Abdulhadi et al. (Abdulhadi, 2014) have shown that the addition of 0.3%
and 0.6% volume of basalt fiber increased the splitting tensile strength of concrete by
2.6% and 22.9% respectively; while the addition of 0.9% and 1.2% volume reduced
the splitting tensile strength of concrete by 11.3% and 19.8% respectively. Sarkar et al.
(Sarkar & Hajihosseini, 2018) have shown that the addition of basalt fiber increased
the concrete compressive strength in a range of 4.3% and 9.4%. Niu et al. (Niu et al.,
2019) have shown that the addition of basalt and polypropylene fibers in high percentage
has an adverse effect on the mechanical properties of concrete. Gnanasundar et al.
(Gnanasundar.V.M & Palanisamy.T, 2017) have shown that the addition of basalt fiber
can increase the strength of concrete when they are added in a low dosage up to 0.3% of
concrete volume, while the addition of high percentage of basalt fibers has resulted in
reducing the concrete strength. Murad et al. (Murad & Abd Aljabbar, 2019) have shown
the addition of basalt fibers can increase the flexural strength of RC beams.

Thus, the percentage of basalt fibers has a significant effect on the compressive
and tensile strength of concrete. In addition, the mechanical properties of concrete are
significantly influenced by the orientation of fibers. In this test, the adopted percentages
of basalt fibers are 0.6%, 1.3%, 2.5% where the addition of fibers have reduced the
compressive and tensile strengths of concrete. Test results agree with the previous results
found in the literature.

The addition of polypropylene fibers in any dosage has increased the tensile strength
of concrete up to 22.8% where the maximum enhancement is measured with 2.5% fibers.
The addition of 0.6% polypropylene fibers has increased the compressive and tensile
strength of concrete up to 8.6% and 10.3% respectively. The compressive strength
of concrete has reduced by 9.6% and 2.16% due to the addition of 2.5% and 1.3%
polypropylene fibers. Figure 5 and Figure 6 compares between the compressive and
tensile strengths of concrete made with basalt and polypropylene fibers.

912



Table 3: Test results

Increment or
. Average Average | Increment or
Fiber . decrement .
. . compressive tensile | decrement Ft
Name Fiber weight Fc
(Kg/m’) strength percentage strength percentage
(MPa) 0 (MPa) (%)
(%)
Control Control 0 41.7 3.44
S16 Steel 16 41.3 -0.96 5.473 +59.1
S32 Steel 32 42 +0.72 4.65 +35.17
S48 Steel 48 45.4 +8.9 6.909 +100.8
V16 Wires 16 355 -14.9 2.732 -20.58
V32 Wires 32 33.8 -18.9 2913 -15.32
V48 Wires 48 28.1 -32.6 2.577 -25.08
P2 Polypropylene 2 453 +8.6 3.794 +10.3
P4 Polypropylene 4 40.8 -2.16 3.442 +0.06
P8 Polypropylene 8 37.7 -9.6 4.225 +22.8
B2 Basalt 2 36.6 -12.2 3.042 -11.6
B4 Basalt 4 373 -10.55 3.058 -11.1
B8 Basalt 8 38.7 -7.19 2.489 -27.65
454
41.7 413 42
355 334
28.1

Compressive strength
(MPa)

control

S16

S32 S48

Vie V32

V48

Figure 3: The compressive strength of steel fiber concrete and electric wire concrete

3.44

|

Tensile strength (MPa)
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control

6.909
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I I 2732 2913
S16 S32 S48 V16 V32 V48

Figure 4: The tensile strength of steel fiber concrete and electric wire concrete
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Figure 5: The compressive strength of steel basalt concrete and polypropylene concrete
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Figure 6: The tensile strength of steel basalt concrete and polypropylene concrete

5 CONCLUSION

Fifty two concrete cylinders are tested under compression and splitting tensile
strength tests to investigate the compressive and tensile strength of concrete made with
electric wires, steel fibers, basalt fibers, and polypropylene fibers. Fibers are added to the
concrete mix in three different percentages (5%, 10% and 15% for steel and wire fibers)
and (0.6%, 1.3% and 2.5% for basalt and polypropylene fibers) of the total cement
weight. The following points summarize the test results:

e The addition of 15% steel fibers has duplicated the tensile strength of concrete and
it has increased its compressive strength up to 8.9% compared to the control plain
concrete.

*  The addition of 5% and 10% steel fibers has insignificant effect on the compressive
strength of concrete while it has increased its tensile strength up to 59% and 35%
respectively.

e The addition of wires has an adverse effect on the compressive and tensile strengths
of concrete. The addition of 5%, 10% and 15% wires has reduced the compressive
strength of concrete by 15%, 19% and 32.6% respectively.

e The tensile strength of concrete is reduced by 20%, 15% and 25% due to the addition
of 5%, 10% and 15% wires respectively.

* The addition of basalt fibers in any percentage has an adverse effect on the
compressive and tensile strength of concrete.
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*  The addition of 2.5% basalt fibers has reduced the compressive and tensile strength
of concrete by 7% and 27.6% respectively.

* Decreasing the percentage of basalt fibers to 0.6% and 1.3% has reduced the
compressive strength of concrete by 12% and 11% respectively moreover it has
decreased the tensile strength of concrete by 11.6% and 11% respectively.

e The addition of polypropylene fibers in any dosage has increased the tensile strength
of concrete up to 22.8% where the maximum enhancement is measured with 2.5%
fibers.

e  The addition of 0.6% polypropylene fibers has increased the compressive and tensile
strength of concrete up to 8.6% and 10.3% respectively.

* The compressive strength of concrete has reduced by 9.6% and 2.16% due to the
addition of 2.5% and 1.3% polypropylene fibers.
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