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Abstract: The amount of steel waste produced is on the increase due to improvements in steel
manufacturing industries. The increase in such wastes causes significant environmental problems
and, furthermore, a large area is also required to store these waste products. Instead of disposing
of these wastes, the reuse of them in different industries is an important success in terms of both
reducing environmental pollution and providing low-cost products. From this motivation, the effect
of lathe scrap fibers generated from Computer Numerical Control (CNC) lathe machine tools on
concrete performance was investigated in this study. Pursuant to this aim and considering different
fiber content, an experimental study was conducted on some test specimens. Workability and slump
values of concrete produced with different lathe scrap fibers were determined, and these properties
were compared with those of plain concrete. For the hardened concrete, 150 mm× 150 mm× 150 mm
cubic specimens and cylindrical specimens with a diameter of 100 mm and a height of 200 mm were
tested to identify compressive strength and splitting tensile strength of the concrete produced with
different volume fracture of lathe waste scrap (0%, 1%, 2% and 3%). With the addition of the lathe
scrap, the compressive and splitting tensile strength of fiber-reinforced concrete increases, but after a
certain value of steel fiber content, there is a decrease in workability. Next, a three-point bending test
was carried out on samples with dimensions of 100 × 100 × 400 mm and a span length of 300 mm to
obtain the flexure behavior of different mixtures. It has been shown that the flexural strength of fiber-
reinforced concrete increases with an increasing content of waste lathe. Furthermore, microstructural
analysis was performed to observe the interaction between lathe scrap fiber and concrete. Good
adhesion was observed between the steel fiber and cementitious concrete. According to the results
obtained, waste lathe scrap fiber also worked as a good crack arrestor. Lastly, practical empirical
equations were developed to calculate the compressive strength and splitting tensile strength of
fiber-reinforced concrete produced with waste lathe scrap.

Keywords: lathe waste; recycling; mechanical properties; concrete; Scanning Electron Microscope

1. Introduction

Concrete is a composite material consisting of cement, aggregates, water and some
additives, and it is widely employed as a building material in many structural applications.
Due to some weak properties of conventional concrete, such as low ductility and low tensile
strength, it is reinforced by making use of reinforcement bars and sometimes by using
fibers or polymers [1–13]. Reinforcement bars improve the mechanical properties of the
concrete; however, they may be insufficient in limiting crack widths. The use of fibers in
concrete is the one of the most efficient ways to control crack width [14]. In addition to crack
arrestment, fibers play an important role in preventing the above-mentioned disadvantages
of concrete [15]. There are many fiber types to be used in concrete mixtures to enhance
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some properties such as ductility, crack resistance, tensile and flexural strength [16,17].
Steel, glass, polypropylene, polyvinyl alcohol and carbon are fiber types widely used in
cement-based materials [2,18–22]. As an illustration, glass fibers are generally preferred for
the roofs of the thin concrete shell structure and precast panels etc., while steel fibers are
generally employed in floor slab, bridge deck and impact resistance structures. Further-
more, fibers such as steel and polyvinyl alcohol fiber have an important role at different
levels in enhancing the toughness and strength of high-performance concrete [23]. Fibers
such as waste polypropylene (PP) and metal are plentiful and inexpensive compared to con-
ventional steel reinforcement [24]. Furthermore, instead of recycling steel scrap, produced
in local lathes and workshops, and polypropylene waste, using them directly in the form of
fibers may be more economical. El-Sayed [25], Sezhiyan and Rajkumar [26] and Vijayaku-
mar et al. [27] and stated that the cost of waste lathe scraps collected from workshops and
other steel industries is very low. The commonly used steel fibers may be either industrial
steel fibers or waste fibers generated from various industries. Industrial steel fibers provide
a positive effect to concrete by increasing its mechanical properties. However, industrial
steel fibers are costly, and the use of such fibers causes fiber-reinforced concrete prices to
increase [27]. Due to this reason, there is an increasing interest in employing reused or
recycled waste fibers in concrete [28]. Furthermore, in addition to being eco-friendly, waste
fibers show almost the same performance when compared to standard industrial fibers [29].
In some circumferences, combinations of industrial fibers and waste fibers (hybrid fibers)
are used to obtain a better performance when compared to plain concrete. Recently, there is
an increase in the amount of waste materials such as expired tyre and steel swarf generated
from lathe and Computer Numerical Control (CNC) machines. These waste materials may
be used as either fiber or for replacement of the natural aggregate in the concrete mixture.
The use of recycled materials can contribute both to lessen land pollution and to produce
environmentally friendly concrete [30]. In this study, the effect of steel waste generated
from lathes and CNC machines on concrete properties have been explored. Steel swarf is a
solid waste, and it generally occurs in steel manufacturing industries during the cutting,
milling and turning processes. The high amount of steel swarf generated is an important
issue since this material is difficult to recycle [31]. However, it was preferred as a replace-
ment for aggregates in concrete [28,32–34]. In addition, steel swarf, which exhibits steel
fiber properties, may be utilized as an alternative reinforcement in the concrete mixture.
A study by conducted Abbas [16] demonstrated that lathe steel fibers may be used as a
reinforcement, but workability of the fresh concrete including lathe waste fibers decreases
as their amount increases in the mixture. Wang et al. [35] stated that the addition of a low
amount of fiber provides little improvement in the mechanical behavior of concrete, but a
high amount of fiber causes a decrease in workability. Vijayakumar [27] mentioned that
lathe scrap used as a reinforcement increases the impact strength of reinforced concrete.
According to the study [27], lathe scrap reinforced concrete exhibits better performance
than normal unreinforced concrete. Thirumurugan and Sivaraja [36] explored the shear,
impact and fracture strengths of concrete with steel lathe waste. Steel lathe waste has been
shown to have a great effect in delaying crack propagation. Mansi et al. [37] studied the
effect of different amount of steel lathe waste on concrete performance. According to their
results [37], the addition of steel lathe waste improved the mechanical properties such as
compression strength of concrete. However, there was a decrease in workability of the
concrete with the increase of lathe steel waste. Bhavana and Rangarao [38] conducted
an experimental study to investigate the influence of different amounts of steel scraps on
conventional and self-compacting concretes. The deformational behavior of these types of
concretes was compared by considering eight beam specimens. Akshaya et al. [39] investi-
gated the flexural behavior of concrete produced by waste lathe fiber. It was shown that
lathe fiber addition increases the flexural strength of the concrete and limits crack width.
Vasudev and Vishnuram [40] carried out an experimental study to explore applicability
of turn steel scraps as a fiber in M40 and M60 grade concretes. With the addition of lathe
fiber, there was a 22% increase in the ultimate load capacity of the M40 grade concrete and
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a 17% increase in the ultimate load capacity of the M60 concrete. Gawatre et al. [41] studied
effect of lathe scrap on the workability and compressive strength of M30 grade concrete. It
was observed that the addition of lathe scrap fibers raises the compressive strength by up
to 11%. There was a decrease in the workability of the concrete with the increase of fiber
content. In the same manner, Nazir et al. [42] investigated the influence of straight lathe
steel fiber on the workability and mechanical properties of M20 concrete. The use of lathe
steel fiber increases compression strength by 15%, the split tensile strength by 30% and
bending strength by 42%. Joy and Rajeev [43] stated that the low content of steel scrap fiber
performed well in compressive strength and splitting tensile strength, but had little effect
on flexural strength of M25 grade concrete.

Lathe waste sawdust is very valuable as a recycling material, and it is reusable after
many industrial processes for different work sectors. In concrete production, adding the
waste turning sawdust directly to the concrete without being subjected to a second indus-
trial process increases the economic added value. It may require additional processing only
for separation and sizing to additives in concrete. Therefore, since the addition of lathe
sawdust to the concrete will improve the mechanical performance of the concrete, it will
provide advantages such as using less steel in steel-reinforced concrete. The applicability of
lathe scrap fibers obtained from lathe and CNC machines in civil engineering applications
has been shown in the previous studies. However, there still remains a need to improve
the structural performance of recycled steel fiber-reinforced concrete for various applica-
tions [44–47]. Based on this motivation, an experimental study was performed to determine
an optimum amount of lathe scrap fibers for the concrete mixture. First, the effect of lathe
waste on slump value and workability on the fresh state of concrete was investigated by
considering different amounts of fibers. Next, the mechanical properties of fiber-reinforced
concrete produced with different lathe scrap fibers contents were explored in the hardened
state of concrete. For this purpose, compressive strength tests were conducted on cubic
and cylindrical samples. Cylindrical samples were employed to find the splitting tensile
strength. Furthermore, experimental tests were carried out on beam samples, which had
dimensions of 100 × 100 × 400 mm and a span length of 300 mm. Load-displacement
curves of test specimens were obtained for the bending behavior. An attempt was next
made to optimize the most ideal fiber amount for fiber-reinforced concrete with lathe scrap
steel fiber. Microstructural analysis was also performed to observe the interaction between
lathe scrap fiber and concrete. Furthermore, practical empirical equations were developed
for the compression strength and splitting tensile strength of the fiber-reinforced concrete.

2. Experimental Program
2.1. Materials and Mixture Proportions

In this study, the cement was selected as CEM I 32.5 Portland Cement. The chemical
properties of this cement are given in Table 1. A maximum of 4 mm and 12 mm aggregate
sizes were utilized for fine and coarse aggregates. The ratio of water to cement was selected
as 0.60, while the ratio of cement to aggregate was selected as 0.22. The ratio of fine
aggregate (0–4 mm) was around 48%, while the ratio of coarse aggregate (4–12 mm) was
around 52%.

Table 1. Chemical properties of PC.

(%) SiO2 Al2O3 Fe2O3 CaO MgO SO3

PC 20.40 5.41 2.82 63.04 1.74 2.50

Lathe waste sawdust was utilized to investigate the influence of the fiber ratio on the
mechanical properties in terms of compressive strength, split tensile strength and bending
performance of concrete. The utilized steel wires are shown in Figure 1a. The shape of
recycled steel wires obtained from the lathe machine were helical. The recycled steel wires
were divided into small pieces before use. It was tried to obtain the same length and
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proportion in order to make a fair comparison. Figure 1b demonstrates the proportion of
the lengths utilized of the lathe waste sawdust. The average length of lathe waste was
30–50 mm.
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Figure 1. Recycled steel wires obtained from Lathe machine. (a) Waste lathe used in the experiments.
(b) Frequency of waste lathe.

2.2. Mix Procedure, Workability and Slump Test

For the mix procedure, all aggregates, cement and water were initially mixed in the
mixer. Afterwards, the sawdust was mixed into the concrete by slowly scattering it in order
to ensure the homogeneous distribution of the turning sawdust in the concrete mixture
and to prevent aggregation. Although the steel wires were slowly added to the mixture,
aggregation was observed in the mixture with 3% lathe waste. Workability was significantly
decreased after a 2% fiber content ratio. It was very difficult to work with the mixture with
the 3% lathe (CNC) waste. Slump tests were also performed. The results of the slump tests
are indicated in Figure 2. It is seen that slump values with steel lathe waste chips for all
cases are lower than those of the reference specimen. Moreover, the slump value decreases
as the fiber ratio increases. While the slump value of the reference sample was 19 cm, the
slump value decreased to 17, 10 and 5 cm depending on the increasing fiber content.

2.3. Test Procedure

Four types of tests were carried out to determine the mechanical properties of the
concrete obtained with the addition of machine tool wastes. These tests are, respectively, the
cubic compressive strength, cylindrical compressive strength, splitting tensile and bending
tests. Some images of the tested samples are shown: Figure 3a shows the cubic compressive
strength, Figure 3b shows the cylindrical compressive strength, Figure 3c shows the split
tensile and Figure 3d shows the flexural tests. Three samples from each experimental group
were tested, and the results were averaged.

Compressive strength performances were tested using 150 × 150 × 150 mm cube spec-
imens and cylindrical specimens with a diameter of 100 mm and a height of 200 mm. While
only compressive strength values were obtained with the cubic sample tests, compressive
strength and stress curves were obtained with the cylindrical sample tests. Cubic samples
were broken with an average loading speed of 6 kN/s until fracture, and cylindrical sam-
ples with a loading rate of 5 kN/s. Cylindrical test specimens were also used in splitting
tensile tests. Bending tests were carried out with prisms of 100 × 100 × 400 mm in size,
with an opening size of 300 mm and a loading speed of 0.5 mm/sn. As a result of the test,
curves showing the bending behavior were obtained.
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3. Experimental Results and Discussions
3.1. Compressive Strength

Figure 4 shows the test results of the compressive strength of 150 mm× 150 mm× 150 mm
cubic specimens. The graph in Figure 4b shows, from left to right, the compressive strength
results of the reference samples and concrete obtained by adding lathe steel waste. It is a positive
indication that the samples containing waste material have superior compressive strength
compared to the reference samples. The graph in Figure 4b clearly shows the increase in
compressive strength as the ratio of turning waste in concrete increases.
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According to the compressive strength test results of the cubic samples, while the
compressive strength of the reference sample was 29.5 MPa, it was around 32.8 MPa with
1% lathe waste chips, 35.9 MPa with 2% lathe waste chips, and 39.1 MPa with 3% lathe
waste chips (Figure 4a). The compressive strength experimental strength test results are
also estimated by using an analytical solution. According to the results obtained, there
is a difference of about 1% between the experimental results and the estimated results.
This shows that future studies can produce predictive results without experimenting but
by employing the analytical solution. Yazıcı et al. [48] found that the strength of concrete
increased between 4% and 19% in their study by adding three different fiber volumes of



Sustainability 2022, 14, 11817 7 of 17

0.5%, 1.0% and 1.5%, according to the concrete volume. In this study, it is seen that the
compressive strength of concrete increases between 9% and 32% with lathe waste chips.
Therefore, according to the study conducted by Yazıcı et al., it can be seen that waste turning
sawdust provides better compressive strength [48]. The experimentally and analytically
predicted compressive strength results are shown in Table 2.

Table 2. Experimental and predicted compressive strength.

Vf Lathe Waste Chips

% Experiment Prediction

0 29.5 29.5

1 32.8 32.5

2 35.9 35.4

3 39.1 38.4

Compressive strength with recycled steel wires can be computed utilized the following
proposed equations:

fLATHE,c = f ′c
(

1 + 0.10 Vf

)
(1)

where f ′c is the compressive strength of plain concrete and fLATHE,c is the compressive
strength of concrete with lathe waste chips.

Figure 5 shows the compressive strength results of the cylindrical samples. The results
show an increase in the elastic behavior capacity of the specimens as well as the maximum
strength. As the waste volume ratio increased, the strength and ductility increased pro-
portionally. Neves and Almeida [49] stated in their study that fiber additives increase the
compressive strength of concrete up to 1.5%, but decrease the Young’s modulus slightly.
However, it is understood from the graph that there is a very good increase in Young’s
modulus with the addition of lathe waste chips. The results obtained in Shah and Rangan’s
study indicated that lathe waste significantly improved the toughness and ductility of
concrete in addition to increased final pressure [50]. In support of this, a study by Tscheg
et al. [51] observed, in general, a much higher increase in load-displacement curves in steel
fiber-reinforced concrete samples compared to synthetic macrofiber-reinforced concrete
samples [51]. Lee [52], in his study with 0.25%, 0.375% and 0.50% fiber volume ratios, deter-
mined that as the fiber volume ratio in concrete increases, the energy absorption capacity
increases [52]. It is also understood from the curves in Figure 5 that the energy absorption
capacity continues at higher rates depending on the increasing fiber volume ratio.

3.2. Splitting Tensile Strength

In order to understand the tensile strength of concrete, the split tensile strength test is
performed. Figure 6 shows the splitting tensile strength result of concrete with lathe waste
chips added. The results obtained were confirmed by an analytical solution. Figure 6a
compares the experimental method results with analytical solution estimates. The overlap
of the graph lines proves the accuracy of the experimental work. Figure 6b shows that the
addition of lathe waste is effective in the split tensile strength test.

Table 3 shows the experimental and estimated split tensile strength results. The
experimental result of the reference sample was 2.83 MPa, and the analytical solution result
was 2.82 MPa. With 1% lathe waste chips additive, the experimental result was 3.08 MPa
and the analytical solution was 3.04 MPa. With 2% contribution, the experimental result
was 3.29 MPa and the analytical solution result was 3.26 MPa. With 3% contribution, the
results were 3.53 MPa and 3.48 MPa in analytical solution. The results in the table show a
proportional increase of 1.09% in strength as the lathe material additive ratio increases.
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Table 3. Experimental and predicted splitting tensile strength.

Vf Lathe Waste Chips

% Experiment Prediction

0 2.83 2.82

1 3.08 3.04

2 3.29 3.26

3 3.53 3.48

The splitting tensile strength with recycled steel wires can be computed utilized the
following proposed equations:

fCNC,t =
√

f ′c
(

0.52 + 0.04 Vf

)
(2)

where f ′c is the compressive strength of plain concrete and fLATHE,t is the splitting tensile
strength of concrete with lathe waste chips.

3.3. Flexural Performance

The effects of lathe waste chips addition on concrete flexural strength are shown in
Figure 7. The results show that the flexural strength increases proportionally with the
addition of high lathe waste chips. It is seen that the addition of lathe waste chips gives
positive results in flexural strength compared to the reference sample, and when a 1%
addition is made, it provides a flexural strength of 3.8 kN. For a 2% addition, the value was
4.5 kN. It provided a bending strength of 5 kN at the addition of 3%. While the displacement
value of the reference sample was around 2 mm, the increase in fiber ratio with the addition
of lathe waste chip is remarkable. In their research of synthetic fiber-reinforced concrete,
Zhenng and Feldmen [53] observed an increase in post-crack energy absorption capacity
and ductility, with a significant increase in both flexural fatigue strength and toughness
limit due to the addition of synthetic fibers compared to plain concrete. However, fiber-
reinforced concretes may also have disadvantages such as clumping. No such problem was
encountered with the lathe waste chips additive. Xu et al. [54] revealed that the ultimate
flexural strength of concrete obtained by adding straight, corrugated and hook-end steel
fibers was improved by a maximum of 165.07% with the addition of the best hook-end fiber.
It is also satisfactory that this result is obtained with lathe waste chips additive, which is
not an industrial product and does not have a smooth geometry.
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One of the most important results obtained from this study relates to the toughness
of concrete. Figure 8 shows the toughness values. Generally, ductile materials have high
toughness, while brittle materials have low toughness. According to the results obtained, it
is seen that the addition of sawdust to the lathe waste chips provides very good toughness.
While the toughness of the reference sample is close to 0, it is seen that the toughness is
around 22 kN with the addition of 1.2 kN, 2% 10 kN and 3% lathe waste chips. Soluioti
et al. [55], in their experimental study with steel fibers with different geometries, revealed
that hook-end fibers provide better toughness in concrete than fibers with wavy geometry.
Lathe waste chips geometry provided good toughness despite having wavy and irregular
geometry. Yoo et al. [56] argued that spun fibers provide the highest flexural strength, but
exhibit similar strength and weaker toughness to straight fibers at a Vf greater than or equal
to 1.5%. They noted that at a Vf greater than or equal to 1.0%, lower flexural strength and
toughness were observed in hook fiber samples compared to straight ones. As a result,
the graph in Figure 8 shows that waste lathe chips are longer and their high addition to
concrete significantly increases both strength and toughness.
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4. Damage Analysis

Considering the current research findings, it seems possible to improve some proper-
ties of lathe waste chips concrete. Compressive strength, bending strength and splitting
tensile strength were obtained for concrete with different amounts of Lathe waste chips in
the experimental studies. The volume ratio of the lathe waste chips was used as a variable
parameter in the studies. Beams are mechanically accepted structural elements that transfer
the loads of the usage area to the vertical carriers. For this reason, it is an important issue
to carry out damage analysis, which takes into account the added fibers. Micro cracks were
observed in the tensile region of the beam with lathe waste chips when the fracture strength
was reached. The addition of lathe waste chips stabilized crack development until reaching
the maximum load. When the initial tensile fracture developed in the reference samples,
there was a sudden decrease in the load capacity. On the other hand, a slower decrease
occurred in the samples with lathe waste chips. As seen in Figure 9, the crack formation
moved towards the compression zone. Therefore, the stability of the beam section under
the natural axis is effectively maintained by the fiber-bridging region, which is resistant
to fiber rupture. Finally, the Lathe waste chips, which caused the beam sample to fail,
were completely withdrawn. In all beam specimens, fracture was observed in the moment
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constant region of the beam. Lathe waste chips drawn on the cracked surface and tension
fractures on the concrete matrix are shown in Figure 9.

Sustainability 2022, 14, 11817 11 of 18 
 

4. Damage Analysis 
Considering the current research findings, it seems possible to improve some prop-

erties of lathe waste chips concrete. Compressive strength, bending strength and splitting 
tensile strength were obtained for concrete with different amounts of Lathe waste chips 
in the experimental studies. The volume ratio of the lathe waste chips was used as a vari-
able parameter in the studies. Beams are mechanically accepted structural elements that 
transfer the loads of the usage area to the vertical carriers. For this reason, it is an im-
portant issue to carry out damage analysis, which takes into account the added fibers. 
Micro cracks were observed in the tensile region of the beam with lathe waste chips when 
the fracture strength was reached. The addition of lathe waste chips stabilized crack de-
velopment until reaching the maximum load. When the initial tensile fracture developed 
in the reference samples, there was a sudden decrease in the load capacity. On the other 
hand, a slower decrease occurred in the samples with lathe waste chips. As seen in Figure 
9, the crack formation moved towards the compression zone. Therefore, the stability of 
the beam section under the natural axis is effectively maintained by the fiber-bridging 
region, which is resistant to fiber rupture. Finally, the Lathe waste chips, which caused 
the beam sample to fail, were completely withdrawn. In all beam specimens, fracture was 
observed in the moment constant region of the beam. Lathe waste chips drawn on the 
cracked surface and tension fractures on the concrete matrix are shown in Figure 9. 

 
Figure 9. Damage analyses. 

Scanning Electron Microscope (SEM) analysis was performed on sample pieces taken 
from lathe waste chips concrete samples. The main observed findings of the SEM analysis 
are shown in Figure 10. It should be noted that SEM analysis images of concrete samples 
obtained using lathe waste chips are shown at 500 times magnification. As shown in Fig-
ure 10a,b, a good bonding occurs with the addition of lathe waste chips in the microporous 
structure of the concrete. Furthermore, this bonding effect between concrete and fibers 
causes an increase in the elastic resistance capacity, ductility and toughness of concrete. 
The wavy nature of the lathe waste chips is also an important property resulting in good 
adhesion. Figure 10c,d shows that lathe chips bond well with cement and aggregate. Fig-
ure 10e,f shows the lathe waste chips’ interface and gap states. 

Figure 9. Damage analyses.

Scanning Electron Microscope (SEM) analysis was performed on sample pieces taken
from lathe waste chips concrete samples. The main observed findings of the SEM analysis
are shown in Figure 10. It should be noted that SEM analysis images of concrete sam-
ples obtained using lathe waste chips are shown at 500 times magnification. As shown
in Figure 10a,b, a good bonding occurs with the addition of lathe waste chips in the mi-
croporous structure of the concrete. Furthermore, this bonding effect between concrete
and fibers causes an increase in the elastic resistance capacity, ductility and toughness of
concrete. The wavy nature of the lathe waste chips is also an important property resulting
in good adhesion. Figure 10c,d shows that lathe chips bond well with cement and aggregate.
Figure 10e,f shows the lathe waste chips’ interface and gap states.
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5. Comparison with Existing Studies on Fiber-Reinforced Concrete Produced with
Lathe Scrap Steel Fibers

According to the results of existing research works, lathe waste steel fibers are applica-
ble in order to improve concrete performance. The changes in compressive strength, flexural
strength and split tensile strength have been reported considering different volume frac-
tures of lathe scrap fibers. In this part of the study, values of compressive strength and split
tensile strength for plain concrete and fiber-reinforced concrete produced with lathe scrap
fiber were collected from these research publications [2,15,16,27,29,31,37,38,40,41,57–69].
Strength values of fiber-reinforced concrete were first normalized by plain concrete strengths.
These normalized strength values were plotted in Figures 11 and 12, respectively, as a func-
tion of the fiber content (%). In these plots, although there are some data below 1.0, both
compressive and splitting tensile strength values of fiber-reinforced concretes were gener-
ally greater than 1.0. In some cases, although there was an improvement in the strength
values up to a certain threshold value of the fiber dosage, further increasing the lathe scrap
fiber addition causes either a small increase or a small decrease in the strength values.
The maximum increase in compressive strength was observed in the study by Sheikh and
Reza [66]. The use of 5.0% lathe scrap steel fiber resulted in a 36% increase in compression
strength of the plain concrete specimens. On the other hand, the maximum decrease in
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compression strength occurred in the experimental study performed by Qureshi et al. [64].
The use of 2.0% lathe steel fiber causes a 12% reduction in the compressive strength. Con-
sidering the change in normalized splitting tensile strength, Maanvit et al. [59] showed a
70% increase in their studies, while Vasudev and Vishnuram [40] found a 13% decrease.
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Figure 11. Variation of the normalized compressive strength of the fiber-reinforced concrete produced
with lathe scrap steel fibers [2,15,16,27,38,41,57,58,60–69].

As shown in the experimental part of the study, there is a linear increase in the com-
pression strength and splitting tensile strength. Thus, by applying curve fitting to the data
obtained from experimental study conducted in the previous part of this study, empirical
equations were derived for practical purposes. Considering these proposed equations
and existing studies conducted by many researchers, generalized strength equations were
developed as follows:

Use Equation (1) if Vf ≤ 1.5 (3)

Use fLATHE,c = 1.15 f ′c if 5 > Vf > 1.5 (4)

Use Equation (2) if Vf ≤ 1.5 (5)

fLATHE,t = 0.205
√

f ′c if 5 > Vf > 1.5 (6)

Compression strength and splitting tensile strength values of fiber-reinforced concrete
produced with waste steel lathe fiber were expressed as a function of the compression
strength of the plain concrete and volume fracture of the lathe steel fiber. These expressions
can be easily used in design stages.
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6. Conclusions and Summary

Waste materials are a subject of great concern in terms of both economic and environ-
mental perspectives. Producing sustainable solutions to these problems is an issue that
is gaining importance day by day. In this study, waste chips generated from lathe and
CNC machines, one of the most abundant waste types, were considered and the effect of
these waste materials on concrete performance was investigated. To pursuant this aim,
the performance of concrete produced with waste chips was examined both in the fresh
and hardened states. In the case of fresh concrete, the workability and slump properties
of concrete produced with different amounts of lathe scrap fiber were identified. In the
hardened concrete case, mechanical properties, such as compressive strength, splitting
tensile strength and bending strength, were investigated. These properties were then
compared with those of plain concrete. Furthermore, microstructural analysis was carried
out to observe the interaction between lathe scrap fiber and concrete. The key findings
drawn from this research are presented as follows:

• In the slump test, it was determined that as the amount of waste chips increased, the
slump and workability decreased. The slump value decreased by 11% with 1% waste
chip addition, 47% with 2% waste chip addition and 74% with 3% waste chip addition.

• According to the results of the compressive tests, the compression strength of plain
concrete was measured as 29.5 MPa. The addition of 1%, 2% and 3% lathe waste chips
increased the compression strength by 11%, 22% and 33%, respectively. Furthermore,
it was observed that there is a proportional increase in the compressive strength
according to the increase in the amount of lathe waste chips increase.
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• According to the results of the split tensile strength test, the splitting tensile strength
in the plain concrete was measured as 2.83 MPa. The split tensile strength in concrete
increased with the increase in chip content. The splitting tensile strength in the
concrete obtained with 1%, 2% and 3% chips additives increased by 9%, 16% and 25%,
respectively, compared to plain concrete.

• By applying curve fitting to the data obtained test results, analytical equations were
derived for both the compressive strength and split tensile strength. The difference
between experimental and estimated values is about 1%.

• Considering these proposed expressions and existing studies conducted by many
researchers, generalized strength equations were developed. Using these proposed
equations, the compressive strength and splitting tensile strength of fiber-reinforced
concrete produced with waste lathe scrap are calculated for practical purposes.

• The use of 2% lathe waste is recommended considering both workability and increases
in the capacities. Using more than 2% lathe steel waste can cause workability problems.

• According to the results of microstructural analysis, good adhesion was observed
between the waste steel lathe and cement-based concrete, and waste lathe scrap fiber
plays an important role in limiting the crack width.
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