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Abstract

Concrete has been reinforced with various natural and synthetic
fibers since ancient times to improve its chemical, physical and
mechanical properties. Among these fibers are polypropylene
fibers, which possess numerous advantages, such as improved
tensile and flexural strength due to their high elasticity, as well as
increased durability and high resistance to chemical corrosion. The
quantity and length of fibers play a crucial role in enhancing
concrete properties. This research investigates the effect of adding
12, 18 and 30mm long polypropylene fibers at a constant ration of
0.5% of the cement weight to concrete. Compressive, flexural and
tensile strength tests were performed, in addition to slump test for
fibers-containing concrete samples, and the results were compared
to a control mix. The results showed that the workability of the
concrete decreased with increasing fiber length. Compressive
strength was not significantly affected by fiber length, while flexural
and tensile strength are increased with added fibers and increased
with fiber length increased by a significant percentage of 30% and
7% respectively when 30mm long polypropylene fibers were added.
Keywords: Concrete, Mechanical and Physical properties,
Polypropylene.
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1. Introduction

Concrete is one of the most widely used building materials in the
world due to the availability of its components, its ease of shaping,
and its high compressive strength. However, conventional concrete
suffers from poor tensile and flexural strength and is susceptible to
cracking due to varying loads or shrinkage during hardening, which
can negatively affect its long-term performance and durability. To
overcome these problems, researchers have turned to using various
fibers as reinforcing materials within concrete mixes to improve
their mechanical, chemical and physical properties. Polypropylene
fibers are among the most commonly used fibers due to their low
cost, high resistance to chemical corrosion, and ease distribution
within the concrete mix. Polypropylene fibers reduce the spread of
micro-cracks within concrete and improve the cohesion of its
components, leading to increased tensile, flexural and impact
resistance, as well as enhanced durability and reduced dry shrinkage
cracking. These fibers also contribute to improving concrete
behavior under dynamic loads and increase its energy absorption
capacity (Bagherzadeh et al; 2012), (Latifi, et al; 2022).

Given the importance of these advantages, many studies have
focused on evaluating the effect of fiber addition ratios and different
fiber lengths on the mechanical properties of concrete, with the aim
of determining the optimal ratio and lengths that achieve the best
performance without negatively affecting the workability or
homogeneity of the concrete mix.

2. Literature review

Many studies have found that the length of polypropylene fiber
effects the properties significantly, one of them (Najimi et al; 2009).
In their study they used different fiber lengths (6,12, 19mm) and
they investigated the effect of fiber ratio and length on the
compressive, flexural, tensile strength, as well as water absorption
and density of concrete. The results of the study revealed that the
flexural and tensile strength increased within fiber length increased
because the long fiber acts as bridges inside cracks. In a similar
study to (Pietrzak, 2024), which used the same fiber lengths and
obtained almost identical results. Both studies concluded that longer
fibers can bridge the cracks better than other fibers. In addition, a
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similar study used the same fiber length (Pietrzak, & Ulewicz, 2019)
the study focused on compressive strength, but the results showed
that there was not any improvement in the compressive strength at
study lengths as well as flexural strength.

Other studies have tested fibers up to 50mm in length (10, 20, 30,
40, 50mm) (Juraeva et al; 2025) the study found that the best results
were obtained at length ranging from 10-20mm and the compressive
strength increased with fiber length increased up to 30mm by
15.9%. while longer fibers, such as 50mm, yielded less results due
to fiber entanglement, which caused voids within the concrete.

The length and surface characteristics of fiber also impact the
concrete properties (Georgiou, & Pantazopoulou, 2016) they used
fibers within lengths of 13, 25, 35mm. The study found that the long
fibers with a rough or curved surface give the best results for
flexural and tensile strength, but it impacts negatively on the
workability of concrete, the study also revealed that short fibers
positively affected compressive strength, while longer fibers had a
negative effect. Conversely, flexural strength improved with
increasing fiber length. As well as similar studies with similar
results was observed by (Memon, 2018) within fibers lengths 12.7,
25.4mm at 0.2%, 0.25% and 0.3% content by weight. In general,
most studies have confirmed that the mechanical properties of
concrete improved with increasing fiber length up to a certain
length, and most studies have confirmed that the most lengths used
in literature for polypropylene fibers were (6-50mm) (Ahmed et al;
2020), (Ahmad et al; 2022).

Nemours studies have been focused on the effect of quantity and
quality of fibers on the concrete properties, but few of them focus
on the impact of fibers length. This study was to investigate the
effect of polypropylene fibers length (12, 18, 30mm) on concrete
properties and their importance during and after crack.

3. Materials and methodology

3.1. Materials

3.1.1. Cement

The cement used in the research is cement produced by the Arab
Union Contracting Company, manufactured at the AL-Burj Zliten
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factory and symbolized by the symbol CEM I1-4-1 A-L 42.5 N, the
chemical, physical and mechanical properties of the cement are
listed in tables 1,2 and 3.

Table 1. The main oxide components (%) of cement (Abu Darbala et

al 2022).
Chemical element Si0, | ALO3; | CaO | Fe;O3 | MgO
Composition 19.5 | 541 | 64.04 | 2.76 | 2.82
Chemical element SO; | L.O.i | CaOF | Na,O | TiOs
Composition 1.80 | 0.38 [ 0.82 |0.25 |8.94
Table 2. Mineral composition of (%) of clinker (Abu Darbala et
al2022).
CaS GsS CsA C4AF
21.21 63.43 14.13 21.11

Table 3. Physical and mechanical properties of cement (Mohammed
et al 2021).

. Libyan specification limits .
Testing Results No. 430 of 1997 BS12:1996
Initial set.tlng time 218 > 45 min > 45 min
(min)
Final settllng time 250 < 10h < 10h
(min)
Fineness 3201 > 2500 > 2500
Expansion (mm) 0.90 < 10mm < 10mm
Compression strength
at 3 days (MPa) 37.20 ~21 -2l
Compression strength
at 28 day (MPa) | 03 >39 >39

3.1.2. Natural fine aggregate (sand)

The natural sand as known sand of Zliten was used; it is the best
type of sand locally.

3.1.3. Crushed coarse aggregate.

The crushed coarse aggregate which was used in this research was
1.5cm in size.

5 ISTJ — Volume 39-1 1 - 39 2aall - A8l 5 o slall 23] gal) Alaall


http://www.doi.org/10.62341/istj-vol39-1-rg12

International Science and Volume 39 1) Ty el Tl Al

mtrraational heimers mad Terlasiags Jemraal

e parcld regspE g 2

Effect of Fibers Length on Concrete Properties
Focus on polypropylene fibers

http://www.doi.org/10.62341/istj-vol39-1-rg12

3.1.4. Water.

Potable water was employed for mixing concrete mixes with PH =
7.5

3.1.5. Polypropylene fiber.

Monofilament polypropylene fibers of different lengths have been
used in this study with properties as in Table 4.

Table 4. Properties of polypropylene fibers used in study (isomat.
(2025). Technical Datasheet .https://www.isomat.eu).

Color White
Diameter 25(£10%) pm
Length (12, 18, 30) mm
Density 0.91g/cm’
Melting Point (160-170) C°
Ignition Point 570 C°
Number of fibers per Kg 120x10°
Modulus of Elasticity 1.6GPa
Tensile Strength 400(x10%) N/mm?
Tensile Elongation 25(£10%)
3.2. Methodology

This study used an experimental approach to investigate the effect
of adding different lengths of polypropylene fibers on the physical
and mechanical properties of concrete. All concrete mixes were
designed according to approved standard specification's and mixed
in a ratio of 1:2:3, cement: soft aggregate: crushed aggregate at a
constant fiber ratio of 0.5% by weight of cement and a constant w/c
ratio of 0.55. Four concrete mixes which were prepared in this
research as in Table 5.

Table 5. Concrete mixes used in the study.

Type Cement Fine Coarse Water PPF (Kg)
(Kg) aggregate | aggregate | Ratio
(Kg) (Kg) (W/C)
Mix1(control) 60 120 180 0.55 0.0
Mix 2 59.7 120 180 0.55 0.3(12mm)
Mix 3 59.7 120 180 0.55 0.3(18mm)
Mix 4 59.7 120 180 0.55 0.3(30mm)
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The dry constituents were first mixed until a homogeneous blend
was obtained. Then fibers were added by hand while mixing
continued to ensure their uniform distribution throughout the
concrete matrix, after that we added water gradually.

Fresh concrete was cast into clean steel molds in layers, each layer
was compacted using a tamping rod, followed by vibration on an
electric vibrating table to remove entrapped air and achieve proper
compaction. After casting into standard molds, the samples were
treated in water for testing after 7 and 28 days.

4. Testing equipment
The workability of fresh concrete mixtures was evaluated using the
slump test in accordance with ASTM C143/C143M, as in figurel.

i I.)

Figure 1. Slu}ﬂp test eciﬁipmént.

The compressive test was performed on cube specimens measuring
150%150%150 mm as in figure 2 after 7, 28days of curing. The test
was conducted according to the relevant standard (BS EN 12390-3).

Figure 2. The compressive strength test machine.
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The flexural strength test was conducted on beam specimens
measuring 150x150x600 mm as in figure 3 after 28 days of water
curing according to the applicable standard ASTM C293/C293M
using the center-point lading method.

Fi-gufe' 3. The flexural strength test machine.

The splitting tensile strength tests were performed on the cylindrical
specimens with dimensions of 150 mm in diameter and 300 mm in
height as in figure 4 after 28 days accordance with ASTM
C496/C496M. All tests were conducted inside the concrete
laboratory at the High Institute of Science and Technology Az-
Zawia by used machine manufacturing by Wekob Maschinenbau
GmbH Germany.

- Figur4. The spitting tensile strength test machine.
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5. Results and discussion

5.1. Workability

workability of concrete is influenced by adding fibers for many
reasons, such as fiber agglomeration which forms air voids and
causes impaired movement of concrete, as well as the different
properties between fibers and concrete components which lead to
surface fraction, such these problems are observed in all fiber
reinforced concrete (Dharan, & Lal, 2016). The type, quantity, and
length of fibers, along with the w/c ratio and several other factors,
affect the workability of concrete (Karahan, & Atis, 2011).

The results of this study show the slump test values as in figure 5.
All concrete mixes containing polypropylene fibers exhibited lower
slump values than the control mix. A decrease in slump values was
observed with increasing fiber length. The slump test value for mix2
with polypropylene fibers 12mm was 8cm, while the slump value
for mix1 was 10cm. This indicates that adding fibers, even short
ones, to the concrete mix causes an impediment to the movement of

the concrete.
10
8 75 B Slump...
8 .
6
6 _
4 _
2 .
0 = T T T

Mix 1 Mix 2 Mix 3 Mix 4
Concrete Mixes
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Figure 5. Slump test of concrete mixes.

This result was observed by (Mehdipour et al; 2013). where
polypropylene fibers of lengths (6-12) mm were used at different
volumetric ratios and at different w/c ratios as well. It was observed
that workability decreased when fibers were added, and this
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decrease increased with the increase in fiber length and fiber ratio
in the concrete, this decrease in workability was interpreted as
resulting from friction between the fibers and the concrete
components, which generated internal resistance that hindered the
flow of the concrete.

Mix2 with polypropylene fibers 12mm showed a slump value
of 8cm, slightly less than mix1. A similar result was observed by
(Kafri, & Alsadaai, 2022). at a w/c ratio of 0.53, despite the addition
of a plasticizer in their research.

For mix4 with polypropylene fibers 30mm, the lowest slump
value among all studied mixes was observed at 6cm. This is
attributed to the increased surface contact area between the fibers
and the concrete components as the fiber length increases. This
decrease in slump values with increasing fiber length is consistent
with the findings of the (Najimi, et al; 2009), where fibers of 6, 12,
and 19mm lengths. The workability of concrete decreased when
fibers were added to it, and this decrease increased with increasing
fiber length, (Li, et al; 2018) also confirmed this result. As well, this
was observed in several studies collected by (Ahmad, et al; 2022) in
its literature survey, which aimed to collect studies that focused on
the effect of the ratio and length of polypropylene fibers on the
workability of concrete. The lengths in the studied research ranged
from 6-50 mm at different mixing ratios, and workability decreased
with increasing fiber length in all studies.

5.2. Compressive strength

Compression tests were carried out on all samples of concrete mixes
after 7 and 28 days, and the results were compared to the control
mix and the results of the compression test were also compared
among themselves as shown in the figure 6. From the results, we
note that when polypropylene fibers were added, the compressive
strength of the concrete mixes decreased compared to the control
mix, this decrease in compressive strength of mixtures containing
polypropylene fibers was observed in our previous study (Elhag, et
al; 2025). The compressive strength improved with increasing fiber
length, but it remained lower than the control mix for all mixes.
Figure 6 shows that the compressing strength of mix2 was 27MPa
when 12mm polypropylene fibers were added compared with mix1,
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the compressive strength decreased by 18.5%, improved in mix3
with the addition of 18 mm fibers 28MPa, and then decreased again
in mix4 with longer fibers 30 mm, but all remained below the
compressive strength of the control mix, these results were observed
by (Memon, 2018).

This effect of fiber length on compressive strength has been
observed in other studies (Najimi, et al; 2009), which confirmed that
adding polypropylene fibers (6, 12, 19mm) to concrete mixes did
not improve compressing strength, but the decrease in compressive
strength improved with increasing fiber length. This increase occurs
at a certain percentage and length of fibers, after which the
compressing strength values begin to decrease. The compressive
strength of concrete depends on many factors, such as the fiber type,
its ratio and length, as well as the method of mixing the concrete. A
study by (Tassew, & Lubell, 2014). showed that the use of fibers
with volumetric ratios ranging from 0-2% with different lengths did
not significantly affect the compressing strength.

m 7 Days
35
32 W 28 Days
E 30 77 28
=
= 25 22
‘gn 20
o 20 -
i
_“2’ 15 -
g
5 10 -
£
8 5
O -
Mix 1 Mix 2 Mix 3 Mix 4

Concrete Mixes

Figure 6. Compressive strength of concrete mixes versus age.

The results obtained in this study show that the optimal compressive
strength for the fiber-enriched mixes was achieved at a length of 18
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mm. This improvement in compressive strength with increasing
fiber length can be observed in other studies (Juraeva et al; 2025)
that used polypropylene fibers at lengths ranging from 10-50 mm,
where compressive strength improved up to a length of 30 mm and
then began to decrease with longer fibers, (Li, et al; 2018) also
confirmed this result. In contrast, other studies (Shen, et al; 2020)
revealed that the compressive strength increased with increase of
fiber length by 2% and 3.3% when the length of polypropylene fiber
increased from 42mm to 60mm.

In general, most studies (Cifuentes, et al; 2013) confirmed that
polypropylene fibers, by their very nature hydrophobic, lead to a
general weakness in the concrete matrix, which leads to a failure
pattern that causes the fibers to separate under medium and large
loads. Therefore, they did not contribute significantly to improving
compressive strength, and increasing the fiber content and length
reduces compressive strength, which is what was observed here in
this study.

It is worth noting here that the samples reinforced with
polypropylene fibers remained intact after breaking and did not
collapse as shown in figure 7, while the reference sample without
fibers disintegrated into pieces. This indicates that the fibers act like
bridges within the cracks, binding the concrete pieces together and
preventing them from crumbling.

A N B — ) q
£ - 5 ' ”
A o S s \ :
'r‘l!g“ iy N (-&45 S - ‘
g A = v‘ﬁ .
. ‘.‘//‘ ‘ ‘v‘:‘:
s ’ ,) “ -t
Figure 7. The sample after breaking A. Mix 1. And B. reinforced

sample.
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5.3. flexural strength

From the results of flexural strength test as in figure 8. Added fiber
at 12mm to concrete improves the flexural strength by 17.5%
compared with control mix1 this improved in flexural strength has
obtained when polypropylene fiber were added to the concrete
which observed also by (Bei-Xing, et al; 2004), as well as we can
see that the flexural strength increases with the increase of fiber
length from 12 to 18mm and from 18 to 30mm by 6.4% and 4%
respectively. This gradual increase with increasing fiber length has
been observed in other studies (Ozsoy Ozbay, et al; 2021), (Najimi,
et al; 2009), (Memon, 2018).

Flexural strength MPa
w

5 5.2
5 4.7
4

4

2

1

O T T T 1
Mix 1 Mix 2 Mix 3 Mix 4

Concrete Mixes

Figure 8. Flexural strength of concrete mixes at 28 days.

From the figure 8, we can see a direct relationship between the
increase in flexural strength and the increase in fiber length. The
mix4 with fiber long 30mm showed the best results of flexural
strength with 5.2MPa compared with other mixes this result was
obtained by (Koroglu, & Ozdoner, 2016). when a 33mm pp fiber
has added and (Ozsoy et al; 2021) confirm this result as well, as the
fiber acted like bridges within the cracks as shown in figure 9, and
prevented the concrete from separating.
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T

Flgure 9. Remforced mixes durm flexural test.

5.4. Tensile strength

The splitting tensile strength results showed that polypropylene
fibers did not significantly improve splitting tensile strength, despite
their high elasticity, good resistance to shrinkage cracking, and light
weight which allows for good distribution within the concrete
matrix. Their tensile strength is relatively weak. Its role lies more in
improving toughness, micro-cracking resistance, and flexural
strength than in increasing actual strength. Consequently, its
resistance to splitting tensile strength is limited, and in some cases,
it can even negatively affect tensile strength. As shown in figure 10,
the results of this study indicate that the tensile strength of concrete
reinforced with polypropylene fibers improved by 5.2%.

4.3

- 4.2 4.23
a 4.2 4.16
=
< 41
=}
g
o 4 394
7
o 39 -
2
£ 38 -
[t
37 n T T T

Mix 1 Mix 2 Mix 3 Mix 4
Concrete mixes at 28 days.

Figure 10. Tensile strength of concrete mixes at 28 days.
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6. Conclusion

This study investigated the effect of fibers length on the properties
of concrete, from the results obtained from this study, we can
conclude that adding polypropylene fiber to concrete with 0.5%
ratio and length of 12-30mm effects the workability of concrete and
this effect increases with increased of fiber length. The workability
of concrete is negatively affected by the addition of polypropylene
fibers due to their uneven distribution within the concrete matrix,
which results in the clumping of these fibers and an increase in air
voids, which in turn impedes movement. Compressive strength is
also affected by added fiber, which decreased with increased fiber
length. In contrast, the flexural strength increased by adding fiber
and this increase coincided with an increase in fiber length.
Polypropylene fibers increase the strength of the concrete and their
distribution through cracks helps protect the concrete from collapse.
Based on the results of this study, it can be said that by controlling
the quantity and length of the polypropylene fibers, the properties
of concrete can be improved and the best results obtained.

7. Recommendations

From the study results, we can recommend:

1- To maintain the proper workability of fiber concrete, plasticizer
must be added.

2- Fiber type, length and content play a main role in improving the
concrete properties, so the adjusting of these parameters is the key
to improving concrete properties.

3- More studies of polypropylene fibers with different lengths and
geometry are needed.

4- Microscopic investigation about the mechanism of fibers inside
concrete to understand how fibers work.

5- Studying longer lengths of polypropylene fibers to determine the
effect of longer lengths.
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