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Graphical abstract Abstract

The significant contamination caused by dumping large quantities of steel wire
present in tyres in landfills has increased the demand for recycling trash steel
wire of fibers. The recycling process of fibers is significant not only for
construction but also a plays role in restricting waste materials consequently
crucial for the evnvironment. By utilizihng these fibers waste in the construction
industry, countries can improve waste management process, lower the
disposal expense, and promote sustainable development. This study focuses
on using date palm fibers as organic fibers and ftire steel fibers as inorganic
fibers to produce more sustainable concrete. A Comparative study is
implemented in order to compare the influences of behaviour of these two
types of fibers in the concrete with using the same ratio. This study aims to
evaluate how the inclusion of date palm fibers and tire steel fibers in concrete
impacts the engineering properties of concrete and fo compare their
influences. In the current study, the use of tire steel fibers and date palm fibers
with 0.5% ratio by cement weight, with the length 4-6cm and diameters 0.1-0.5
mm were selected in the mixtures. Three different mixtures were designed,
prepared, mixed, and tested by diverse tests such as slump test, compressive
strength test, flexural strength test, hardened density test, and rebound
hammer test. The results showed that the use of tire steel fibers in concrete
enhanced the compressive strength of the concrete mix by 5% and 10%
compared to normal concrete and date palm fiber concrete, respectively.
Moreover, the flexural strength of the concrete was remarkably affected by
fibers, where with inclusion of fire steel fibers in concrete exhibits the highest
values of flexural strength compared to that of date palm fiber concrete and
normal concrete by 7.5-14%, respectively. However, the workability of
concrete was negatively affected by the inclusion of date palm fibers and tire
steel fibers, with the fiber reinforced concrete mixes revealed minimized slump
values compared to that of normal concrete by 85%.

Generdlly, the use of both date palm and fire steel fibers in concrete had
beneficial effects on the environment and the concrete properties signifiying
the future possibility of green construction.

Keywords: palm fiber, tire steel wire fiber, compressive strength, flexural
strength, sustainability.
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1.0 INTRODUCTION

One of the major factors that contribute to climate
change and could endanger human health s
environmental pollution. For the industrial revolution
fo proceed smoothly, waste materials must be
managed effectively [1;2]. Recently, researches
have focused on repurposing waste materials to
create profit, including energy production [3-5].
Morevoer, waste materials can be recycled and
repurposed to produce additional useful products,
mitigate the impact of waste materials on the
environment, and reduce the use of manufactured
construction materials, thereby decreasing carbon
dioxide emissions [6-8]. For several years now, waste
materials have been incorporated into infrastructure
development, particularly in concrete [9-11].

Large amounts of used fires are dumped in landfills
worldwide, making them an underappreciated
global resource. Recycling steel fibers extracted from
these tires is a modern practice. The addition of steel
fibers from used tires to concrete produces results
similar to industrial steel fibers [12].

In addition to agriculfural fibers such as jute, sisal,
date palm mesh, etc., a few organic fibers like
asbestos and cellulose are also used in concrete [13
and 14]. Date Palm Fiber (DPF) is one of the most
popular, affordable, sustainable, and
environmentally friendly natural fibers. This study
investigates the behavior of Date Palm Fiber (DPF) in
concrete. Date palm trees produce large volumes of
waste, most of which are discarded unused. One
clear advantage of Date Palm Fiber (DPF) over other
natural and synthetic fibers is its bettesuperior
strength-to-cost ratio [15].

The main ingredients of fiber-reinforced concrete
(FRC) are aggregates, hydraulic cements, and
discrete reinforcing fibers. Various inorganic materials
can be used as reinforcement of concrete such as
glass, steel, and organic polymers. In addition, some
organic materials can be used as reinforcement of
concrete such as vegetable fibers (e.g., sisal, jute
and asbestos fibers). The matrices of the concretes
may be cement mortar mixes that are normally
proportioned, or mixtures that are specially made to
cater to a specific need. Normally, the fibers that are
used in FRC are those whose maximum size is 0.04 in.
(T mm) and a up to 3in. (76 mm) [16]. consequently
The properties of fibers in this study are within these
ranges.

The use of natural fibers as a source of
reinforcement in concrete has great economic and
energy advantages compared to the use of
conventional steel reinforcement. This is due to that
the fiber reinforcement amount necessary is less
compared to normal reinforcement and s
consequently more environmentally friendly and less
costly [17].

The inclusion of Steel fiber in concrete can
enhance the flexural performance of concrete, as
observed by the current study. This improvement is

especially useful for pavement applications, leading
to thinner pavements that enhance the resistance o
vehicle loads [18].

This comparative study is significant, as it confirms
the necessity for a balanced approach that deems
both environmental sustainability and superior
performance. It investigates  the different
characteristcs of two fibers (inorganic and organic)
and their effect on behaviour of concrete, giving
acumen into the unique confributions of each
material. There is a deficiency of research regarding
to this subject, making this study particularly valuable.
Inorganic and organic fibers have different
properties that make them significant for comparing
their effect on concrete.

The objective of the current study is to compare
the effect of tire steel fiber as recycled waste fiber
(inoraganic) and palm date fiber as natural fiber
(organic) on engineering properties of normal
strength concrete.

The use of discrete ftire steel fibers with short length
in concrete or mortar can improve the engineering
properties of the material. While this study suggests
that the addition of such kind of fibers may not
significantly increase the compressive strength of
concrete, it does improve its foughness and ductility
[18-20]. Several researchers have explored the use of
recycled steel fibers in concrete to promote
sustainability and enhance its performance [21-26].

Zia et al. [27] reported that the typical properties of
recycled steel fibers used in concrete from previous
studies include fiber lengths ranging from 7 mm to
101 mm and fiber diameters varying from 0.1 mm to
1.4 mm, the values in the current study are falling
within this range. Moreover, the tensile strength of
these fibers ranges from 781 to 2570 MPa. Their study
also noted that the compressive strength either
increases or decreases compared to control
concrete mix. This variation depends on some factors
such as fiber dispersion and mixing and sometime
longer fibers can cause a balling effect resulting in
lower packing density. The current  study
demonstrated an improvement in the compressive
strength of tire steel wire concrete compared to that
of normal concrete. The discrepancy with the
literature study is that the aspect ratio is higher, which
is the main reason for the strength reduction.

M. Leone et al. [28] conducted a comparative
study on industrial steel fibers and recycled steel
fibers from tires used in concrete. The study used steel
fibers obtained from the frash tfire. The study showed
that the inclusion of recycled steel fibers in concrete
revealed satisfactory concrete characteristics in
terms of toughness and shear compared to industrial
steel fiber reinforced concrete. This enhancement
was due to the capability of the fibers to hinder the
propagation of crack by bridging the cracks. Enzo et
al. [29] implemented a comparative analysis on
recycled steel fibers extracted from tires and
industrial steel fibers included in concrete. They found
that these fibers had a minimal impact on the
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compressive strength of concrete due to their low
percentages and the geometry of the fibers
affecting the compressive strength.

Aiello et al. [30] reported that the addition of 0.46%
waste fire steel fiber to concrete led to a 9% increase
in flexural strength compared to reference concrete,
which is approximately the same ratio of fiber used in
the current study. Similarly, Telemat et al. [31] found
that using 6% waste ftire steel fiber in concrete
increased flexural strength by up to 150%. Moreover,
Sengul [32] mentioned in the report that the adding
of tire steel fibers at rates of 20, 40, and 60 kg/m3 to
concrete improved flexural strength by 21.4%, 19.6%
and 19.6% respectively, compared to confrol
concrete. Similar outcomes have been observed in
literature with different fiber sizes and volumes [32 -
33], and this increase is attributed to the fact that the
strength of fiber in tension is better than in
compression. Several studies found that 0.5% tire steel
fiber content was the opfimal percentage to
achieve the highest flexural strength compared fo
conftrol concrete [34-37]. Rahim et al. reported that
the use of steel fiber enhanced the flexural strength
of concrete because the steel fiber acts as a bridge
to prevent Separation resulting from cracks [38].
Moreover, Setiawan et al. [39] reported that the
optimum volume of steel fibers is 0.4%, which resulted
in higher flexural strength. This is aftributed to the
presence of steel fiber concrete, which can prevent
cracking in one direction. Rokbi et al. [40] examined
the influence of the inclusion of date palm fibers on
properties of polymer-reinforced concrete. Two types
of fibers were used in concrete, unfreated and
treated palm fibers with various lengths of 2mm to 6
mm for reinforcement in concrete. This study
indicated that the improvement of the strength of
concrete is dependent on the sizes and nature of
fibers used. Additionally, they also noticed that the
inclusion of short date fibers in concrete improved
the flexural strength  of the concrete by
approximately 6% compared to that of the reference
concrete. Kriker et al. [41] used the inclusion of date
palm fibers with a volume fraction of 2-3% and
different fiber lengths of 15-60 mm in concrete. They
observed that as the volume fraction and length of
date palm fibers increase in the concrete,
compressive strength of concrete reduced and the
onset of the first crack occurred. Nevertheless, they
also noticed an enhancement in toughness and
post-crack flexural strength of concrete and they
interpreted that the fibers acted as bridges
intersecting crack spread. Ozerkan et al. [42] found
that the inclusion 0.5% palm fiber in concrete
enhanced both flexural and compressive strength
relative to reference concrete. However, more fibers
content led fo reduction in the flexural strength of
concrete. Benanibe et al. [43] observed that the
increase of weight percentage (6-30%) of dafte palm
fiber into concrete reduced compressive, flexural
strengths, the density, thermal conductivity of
concrete.

1.1 RESEARCH SIGNIFICANCE

This comparative study is significant, as it confirms the
necessity for a balanced approach that deems both
environmental sustainability and superior
performance. It investigates  the different
characteristics of two fibers (inorganic and organic)
and their effect on behavior of concrete, giving
acumen into the unique confributions of each
material. There is a deficiency of research regarding
to this subject, making this study particularly valuable.
Inorganic and organic fibers have different
properties that make them significant for comparing
their effect on concrete.

No investigations have been found regarding the
comparison between the influence of steel tire wire
and date palm fiber on some normal concrete
properties. Therefore, this study aims fo investigate
the effect of fibers of the same length and diameter,
both natural and industrial, on the compressive
strength, flexural strength, density, hardness and
workability of normal concrete.

Recycling steel fire fibers and fly ash can provide
significant benefits in the construction industry by
utilizing waste materials and positively impacting the
environment. This practice not only benefits the
counfry by improving waste disposal processes and
reducing disposal costs but also enhances the
mechanical properties of construction materials and
reduces construction cosfs. Substituting a part of
cement weight with fly ash can decrease cement
production, leading to reduced CO2 emissions and
costs.

2.0 METHOD AND MATERIALS

In order to fulfil the objectives of the current study,
NSC was used, including varied materials such as
cementitious materials (Portland cement powder
and fly ash powder), sand, coarse aggregate
(stone), tap water, chemical admixture (plasticizer),
tire steel fiber, and date palm fiber. The specific
gravity of cement is 3.11, while fly ash is in powder
form passing through a 100-micrometer sieve. Coarse
and fine aggregates with a relative density of 2.65
were obtained from a crushed factory. The coarse
aggregate has a maximum size of 20 mm and retains
on a 4.75mm sieve, while the fine aggregate passes
through a 4.75 sieve and retains on a 600-micrometer
sieve. Two types of fibers were used: tire steel fiber
recycled from waste tires and cut to a length of 4-6
cm according to ACI 2012 [16], and date palm fiber
obtained from date palm trees, washed, immersed in
water, air-dried, and chemically treated to achieve a
Saturated Surface Dry condition with a tensile
strength of 240 MPa. Date Palm fibers are freated
prior to ufilizihng by 3% concentration of NaOH for 24
hours based on findings of Al-Ogla et al. [15] that
come from varied several studies, where they
concluded the best treatment method is utilizing
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NaOH solution. The fiber lengths ranged from 4-6 cm,
and diameters ranged from 0.1-0.5 mm.

Mixes information are listed in Table 1, which is
designed according to BS EN 5328 standard. 10% fly
ash content weight was replaced by 10% of cement
weight in  all mixtures to improve concrete
characteristics. The plasticizer dosage used was 0.1/
100 kg of cementitious materials to obtain optimum
workability. The certain ratio of fibers to powders was
0.5% for both date palm fibers and tire steel fibers
and this ratio is selected based on literature studies
that revealed an improved compressive and flexural
strengths [27, 32]. One of these studies is the study
performed by Sengul 2016 [32] that indicated that
compressive and flexural strengths of concrete were
enhanced by using 0.5% of fibers to powders rafio.

Table 1: Mix proportions details of all mixes

Material NSC PFC SFC
Cement kg/ m? 396 396 396
Fly Ash (kg/ m?) 44 44 44
Fiber content (kg/ m?) - 22 22
Sand (kg/ m?) 630 630 630
Stone (kg/ m?3) 1030 1030 1030
Water (kg/ m?) 203 203 203

S.P dosage (/100 kg of cement) 0.44 0.44 0.44

All compound of mixes were blended by using a
drum mixer and for 5 minutes. Stones as coarse
aggregate was put first, proceeded by sand as and
fibers, and then blended for 1 minute in a dry state. A
blended mixture of cement and fly ash was then put
and blended for another 3 minutes in a dry state fo
guarantee good fibers dispersion. Water mixed with
plasticizer was poured gradually while the mixer was
running for 5 minutes to obtain a homogeneous mix.

Each mixture was evaluated individually.
workability of fresh mixture was tested utilizing the
slump fest and according to BS EN 12390-2 [47], while
compressive strength was achieved using BS EN
12390-2 [48], flexural strength was achieved using BS
EN 12390-5 [49], density BS EN 12390-5 [50], and
Schmidt rebound hammer ftests to evaluate the
behavior of mixes in hardened test. These tests are
used for mixes at 7 and 28 days. Three of 150 mm
cubes per each fest were utilized to evaluate the
compressive strength and density at 7 and 28 days.
Moreover, three of 150*150*500 mm prisms are
utilized for each flexural strength test and rebound
hammer test at 7 and 28 days. Schmidt rebound
hammer test has been implemented as per ASTM C
805 [51]

3.0 RESULTS AND DISCUSSION

This section displays the comparative findings of
workability, compressive strength and  flexural
strength, density, of all mixes.

3.1 SLUMP TEST

Figure 3 presents the slump values of three different
mixes. The results revealed that the normal concrete
has a slump value higher than date palm fiber and
fire steel fiber concretes, which is 130 mm, and
followed by the slump value of date palm fiber
concrete and tire steel fiber concrete, which are 70
mm and 80 mm, respectively. Moreover, this proves
that fiber concrete has a lower workability value
compared to the normal concrete mix at the same
plasticizer dosage level. The presence of fiber
reduces the mobility of the mix due fo the fact that
fiber has a high flakiness ratio, and this promotes
inferlocks [52]. Moreover, date palm fiber has a
balling effect that could lead to reduced workability
of the mixes [53].

140
120
100
80
60
40
20
0

Slump (mm)

NC PFC SFC
m slump (mm) 130 70 80

Mixes

Figure 3 Slump values of different concrete mixtures

3.2 Compressive strength

Figure 4 presents the compressive strength of
different concrete mixes. All results in this figure
indicate that the compressive strength of all mixes
increased with age due to the development of the
cement hydration process over time.

The results shown exhibit that tire steel fiber
concrete exhibited a slight raise in compressive
strength of 4.9% compared to that of normal
concrete. this result agrees with the result of Song
and Hwang [54], Majain et al. [55], and Khaleel et al.
[56]. Jhatial et al. 2018 [57] explained that the
function of steel fibers is to hold and restrain tensile
cracks and prevent them from propagation. As the
tension zone in samples under compression load is
minimum, and most of the sample is under
compression stress, the influence of fibers on
compressive strength is slight. Concrete failure occurs
from the internal cracks propagation which is present
in concrete sample and enlarge at weak points,
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especially in the transition zone between cement
paste and aggregate. The weakness of the fransition
zone is under tension and can be strengthened by
inclusion steel fiber. This failure mode is critical in
samples under tension [58]. Samindi et al. [59] found
that the inclusion waste tire steel fiber in concrete
enhanced the compressive strength by 5-12%, which
support the results of this study. Furthermore, adding
industrial steel fiber to concrete improved strength by
17-20%.

Figure 4 also indicates that steel fiber concrete has
a compressive strength higher than that of palm fiber
concrete by 9.8%. As shown in Figure 5, the strength
of steel fiber exceeds that of date palm fiber, as well
as having higher bonding strength. Moreover, the
inclusion of date palm fiber in concrete reduces
compressive strength of concrete slightly by 4.9%
compared to normal concrete. the slight reduction
could be due to the balling effect of date palm fiber,
which in furn of reduce packing and consequently
minimize the compressive strength [lbrahim et al.,
2022]. Ahmed and Umar [58] explained that the
balling effects of fibers are due to the higher
slenderness ratio of fibers, which lead to cluster
formation along the flow path of mortar,
consequently bad spread of fibers that could lead to
inhomogeneous mixture. This could weaken the
strength  and  workability of concrete. This
phenomenon may interpret the reduction occurred
in compressive strength of date palm concrete
compared to normal concrete and tire steel fiber
concrete.

Alatshan et al. [60] investigated inclusion varied
lengths and amounts of palm fiber in concrete. they
found that the optimum amount of date palm fiber in
concrete was 0.5% and the proper length of fiber
was 5 cm. determined that the optimal dosage of
palm fiber was 0.5% with a fiber length of 5 cm,
resulting in higher compressive and flexural strengths,
the same content and fiber length to this study but
showed confradict result of compressive strength.
The conftradictory result could be due to the fact that
the slanders ratio of palm fiber used in their study is
less than that of this study. Consequently, less balling
effect will occur, resulting in better fiber dispersion
and hence better compressive strength. Moreover,
the percentage increase compared to normal
concrete was only 6%, differing from this study in
terms of mix proportions, the alveolar structure of
palm fiber, and fiber treatment. Ahmad and Noor
[61] found that palm fiber marginally reduces
compressive strength, aftributing it fo the creation of
voids by palm fiber, leading to strength reduction,
which aligns with this study. Yasser E. Ibrahim et al.
[53] noted that the incorporation of 1%, 2%, and 3%
of palm fiber resulted in decreased strength of date
palm fiber concretes, respectively, attributing it to
weak adhesion between cementitious paste and
date palm fiber, causing a weak transition zone and
intfernal cracks in concrete and this could be another
reason for the reduction in compressive strength of

date palm fiber in this study. M. Dahou and A.
Hamouine [62] reported that a 0.5 volume ratio of
date palm fiber decreased the compressive strength
of concrete by 24%, while this study observed a lesser
reduction due to differences in fiber length. However,
most of the aforementioned studies confirm that
palm fiber contents ranging between 0.25% and 5%
with an optimal dosage between 0.5% and 2%.
Additionally, these studies recommend suitable fiber
lengths ranging between 4 and 6 cm.
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Figure 4 Compressive strength values of different concrete
mixes.
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Figure 5 Variation of compressive strength between fiber
mixes and control mix

3.3 FLEXURAL STRENGTH

Figure 6 illustrates the flexural strength of various
concrete mixes with and without fibers. The results
indicate that the flexural strength of the mixes
increased over time. At 7 days, the flexural strength
ranged between 4 and 4.5 MPa, while at 28 days, it
ranged between 5 and 6 MPa. The difference in
flexural strength between tire steel fiber concrete
and the control mix was 10% at 7 days and increased
to 14% at 28 days. Previous studies [63, 64, and 65]
have shown that tire steel fiber can enhance the
flexural strength of concrete by 100% to 140%
compared fo control concrete, depending on the
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length and volume ratio of fibers. Additionally, tire
steel fiber concrete exhibited higher strength than
other mixes at both 7 and 28 days, surpassing date
palm fiber concrete by 7.5% and control concrete by
14%. This enhancement is due to the high tensile
strength and ductility of steel fiber, which is capable
of spanning microcracks in concrete efficiently,
preventing crack extension and improving foughness
and ductility. Incorporating steel fiber into concrete
pavement has the potential to disconnect
microcrack initiation and progression, contributing to
improved overall performance [67; 68]. This finding
supports the rise in flexural strength reported in the
study. Moreover, the results also show a 6% raise in
the flexural strength of DPF concrete compared to
reference concrete, lesser than 7.5% in the case of
waste tire steel fiber concrete. This variation could be
due to the high ductility of steel fiber and likely lesser
cohesion of palm fiber with concrete. Previous studies
by Kriker et al. [41] and Ramli and Dawood [69]
showed that date palm fiber would improve post-
crack flexural behaviour of concrete as well as fo
concrete toughness but reduce the first-crack
compression strength of concrete cubes. The
enhancement occurred of flexural strength of palm
fiber concrete mix is in agreement with findings from
other studies, such as M. Dahou and A. Hamouine
[62], who found a 46% improvement in flexural
strength with 0.5% volume fraction of DPF in concrete
compared to that of reference concrete.
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Figure 6 Results of Flexural strength of all mixes

3.4 RELATIONSHIP BETWEEN COMPRESSIVE STRENGTH
AND FLEXURAL STRENGTH

Figure 7 depicts the relationship between
compressive strength and flexural strength, indicating
that an enhancement in compressive strength
compatible with a proportional raise in flexural
strength with value of a square regression coefficient
approximately equal to 0.9. The graph clearly
demonstrates that the flexural strength of fiber
concrete surpasses the standards set by ACI and IS,
attributed to the incorporation of palm and tire steel
fibers, even outperforming the findings of Fauzan et
al. [70]. These results encompass data from different
curing ages at 7 and 28 days, and all comparable

outcomes are fitted with power equations. The data
is scrutinized to derive predictive equations that can
be applied to experimental results.

- b7 [ ]
55 RZ-09041 Y= 0.2916x07821 e
—_ L
& 5 e °
g 45 o S Fer
3
&
=3 3
El Fc=0.0163Fcu'
E R2=1
=

25 30 35 40 45
Compressive Strength (MPa)

Figure 7 Relationship between flexural and compressive
strength of concrete

3.5 HARDENED DENSITY

Figure 8 illustrates different densities of different mixes.
No significant difference has been observed among
the densities of hardened concrete results at the
same age and curing. The difference is a clear
increment of density of samples with curing when
compared with samples density without curing, as
shown clearly in Figures 8 and 9. In addition to that, it
is noticed that the density of samples at 28 days is
higher than that at 7 days by 0.1-0.9% for non-cured
samples and by 1-2% for cured samples, and this is
attributed to the fact that with age, the hydration
products increased to fill all voids in concrete
samples. Moreover, the results showed that tire steel
fiber concrete had higher density than that of date
palm fiber, and this could be attributed to the low
density of date palm fiber compared to tire steel
fiber due to the porous microstructure of palm fiber
[71]. Bamaga [72] discovered that as the fiber
content and length increase, there is a minimal
decrease in the density of date palm fiber mortar.
The balling effect is a contributing factor to this
density reduction in concrete, as it creates additional
voids within the material. This phenomenon helps to
explain why palm fiber concrete has a lower density
compared to traditional concrete and steel fiber
concrefe.

Shohana Iffat [73] observed that with the time, the
density of concrete mixes enhances which agrees
with the current research findings. Fadi et al. [74]
noticed that adding 1% of steel fiber in concrete
improved the density of concrete mixes by 3% in
comparison with that of reference concrete mix.
They also found that adding 0.6% of date palm fiber
to concrete led fto reduction in concrete density as
compare to reference concrete density. There has
been an inversely proportional relationship between
compressive strength and density and as shown in
Figure 9. From the correlation, it was evident that the
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coefficient of determination (r?) for various fiber-
reinforced concrete and normal concrete was 0.932.
Kareem et al. (2025) [75] found that the use of date
palm fiber in concrete led to the loss of weight, as
observed in findings of this study.
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compressive strength of concrete

3.6 SCHMIDT REBOUND HAMMER

The Schmidt hammer test measures the hardness of a
concrete surface. The rebound hammer number is
not always in harmony with compressive strength
values. The results of the rebound hammer test are
presented in Figure 10, showing the values at 7 and
28 days. The samples exhibited higher rebound
hammer values at 28 days compared to those at 7
days by 7-20%. The result shows that palm fiber
mixtures achieved higher values of rebound hammer
numbers at 28 days than that of steel fiber mixes and
normal concrete. Overall, the values of rebound
hammer number of all mixtures at 28 days are within
the range 30-40, indicating good quality of concrete
as per to Najim et al. [76]. The rebound hammer
number is significantly affected by the location of
hammer on concrete surface, the applied hammer
location, the member's support and stiffness [77]. It is
also indicated from results shown in figure 10 that
date palm fiber reinforced concrete has a greater
rebound number compared to that of tire steel fiber

reinforced concrete, which contrary to compressive
strength results. This contradiction could be due to
the test procedure, where direct test of compressive
strength is a measurement of the strength of the
entire sample, while the Schmidt hammer experiment
is a measurement of the sample's surface strength
[76]. Further, when the hammer hits the fiber close
the surface, it influences on the rebound hammer
number. Figure 11 indicates the relationship between
real compressive strength values and rebound
hammer number of all mixes. This relationship has a
liner equation with determination coefficient of 0.812.
this relationship indicates the proportional increase of
compressive strength and rebound hammer number.
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Figure 10 Schmidt Rebound Hammer Numbers of different
mixes
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4.0 CONCLUSION

The following conclusions can be obtained:

1. The addition of palm and steel fibers in concrete
decreased workability, as evidenced by a decrease
in slump from 130mm in normal concrete to 70-80mm
in fiber concretes. More plasticizer is needed for fiber
concretes to achieve the same workability as regular
concrete.
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2. Steel fiber concrete exhibited a 5% higher
compressive strength compared to normal concrete,
while palm fiber concrete had a 5% lower
compressive strength.

3. Steel fiber concrete had the highest flexural
strength, surpassing date palm fiber concrete and
normal concrete by 7.5-14%.

4. The relationship between compressive strength
and flexural strength in concrete mixes was found to
be proportional and exceeded ACI and IS standards.
5. Generally, adding fibers to concrete had a
minimal impact on the hardened density of the
material.

6. Palm and steel fiber concretes showed higher
rebound hammer values than normal concrete, with
palm fiber concrete having higher values than steel
fiber concrete at 28 days.
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