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Introduction

Concrete is a highly used construction substance in the 
construction field because of its high stability and struc-
tural strength.1,2 Even if concrete behavior is governed 
significantly by its compressive strength, the tensile 
strength is also most important for the durability of con-
crete. The tensile capacity of concrete is much lower as 
compared to compressive strength which results in brittle 
failure without any warning or deformation before failure. 
Various kinds of fibers are added to concrete to enhance 
the tensile strength of concrete. Mostly Steel fiber  
reinforced concrete can resist shock and high ductility, 
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flexural strength, tensile strength as well as Crack restric-
tion, and fatigue resistance.

The structural integrity of concrete can be improved 
with the incorporation of fibrous materials in concrete. 
According to previous research, the shear and tensile 
capacity of reinforced concrete can be improved with 
nylon, polypropylene as well steel fibers.3,4 The addition 
of polypropylene can improve the mechanical perfor-
mance of concrete without increasing density.5 Also 
reported that nylon and propylene slightly improve the 
engineering property of concrete particularly tensile 
strength.6 It is been reported that polypropylene fibers 
improve concrete property considerably.7

A general observation is that tinny fibers are addition-
ally imposing in decreasing the width of plastic shrinkage 
cracks than thick fibers according to past literature as 
given in ACI 544.5R-10.8 The positive response of steel 
fibers added in concrete depends on various aspects such 
as diameter, length, aspect ratio, types, cross-sectional 
area, concrete mix design, water-cement ratio, method of 
mixing, etc.9 Steel fiber reinforced concrete is most widely 
used in many civil engineering projects due to easy fabri-
cation, low cost as well as high performance.10,11 However, 
some studies reported that uneven addition of steel fiber 
results in negative effects on the workability of fresh con-
crete leading to the poor bond of fibers with surrounding 
concrete resulting in porous concrete and mechanical per-
formance of fibers reinforced concrete decreased.12–14

Steel fibers efficiently improve the load-carrying ability 
of structural components which makes the structural behav-
ior more ductile. Steel fibers reinforced concrete shows 
greater than 0.38% marginally increased the ultimate load-
carrying capacity as well as ductility of slab.15 Research 
displayed that unequal adding of SFs will affect the con-
crete uniformity and fluidity in mixing and even bonding of 
fiber, which ultimately affect mechanical performances.16 
Steel fibers considerably improve in the initial strength and 
the long-term strength of fiber reinforced concrete.17–21 
Steel fibers act as a crack restriction and not only just crack 
prevention. Steel fibers are well-known to increase the ten-
sile strength of post-cracking behavior.22 Tensile strength 
steel fibers reinforced concrete is much higher than con-
ventional concrete.23 Tests results indicate that raise in fiber 
quantity will result to improve ductility, toughness, and 
strength.21,24 Modulus of elasticity of fiber concrete 
increases with an increase in the fiber quantity.25 Adding of 
SFs in concrete not only enhances the strength but also the 
ductility.18 They realized that fiber increased the peak pull-
out load.26 Steel fibers (SFs) can enhance the tensile capac-
ity of concrete by about 40% as per past literature.27 
Moreover, the addition of steel fibers (SFs) helps in 
decreasing the permeability, segregation, bleeding porosity 
properties of concrete.28–31

Research shows that rheological properties (filling and 
passing ability) of self-compacting decreased with concrete 
of PPFs. Furthermore, the mechanical performance of 

concrete improved considerably up to 2.0% addition of 
PPFs.32 Studies show that PPFs improve mechanical perfor-
mance in terms of compressive strength, split tensile strength 
as well as flexure strength of concrete.32,33 It has been 
reported that the mechanical performance of foam concrete 
considerably improved with the addition of PPFs.34,35 PPFs 
improved concrete performance against acid attacks.4 PPFs 
reinforced concrete, maximum tensile strength was achieved 
with the volume fraction of 1% which is a 52% increase 
when compared to reference concrete. Furthermore, it can 
be observed that the area under the curve for the PPFs con-
crete increased with increasing fiber content.35 A study 
found that the inclusion of the PPFs at volume fractions of 
0.75% and 1% improved the compressive and flexural 
strengths of the foamed concrete.34 The inclusion of PPFs 
changed the brittle failure mode of foamed concrete to elas-
tic–plastic behavior.36 It has been found that the flexural 
strength of foamed concrete with densities in the range of 
600–1400 kg/m3 improved with the inclusion of PP fibers 
using volume fractions of up to 0.4%.37

A brief overview of existing literature shows that sev-
eral studies investigated the performance of steel fiber 
reinforced concrete. Ahmad et al.38 carried-out research on 
flexure cracking behavior of steel fibers reinforced con-
crete and reported a positive response. However, steel fib-
ers are too costly and are easily corroded. Therefore, it is 
necessary to search for new fibers material instead of steel 
fiber which is economical and easily available. Also, fur-
ther research was recommended38 to evaluate flexure 
cracking behaviors of concrete with the incorporation of 
PPFs. Most researchers focus on the mechanical (compres-
sive and split tensile strength) and durability performance 
of PPFs concrete. While fewer researchers focus on the 
ductility and flexure cracking behavior of concrete.

Therefore, the present study evaluates the mechanical 
performance of polypropylene fibers in terms of concrete 
ductility index, load defection relation, first crack load, 
maximum crack width, and flexure cracking behaviors of 
polypropylene fibers reinforced concrete. Polypropylene 
fibers were added in proportion 0%, 1%, 2%, 3%, and 4% 
by weight of cement. Test results depict that, workability 
decrease with the incorporation of PPFs while fresh den-
sity and strength increase up to 2.0% addition and decrease. 
Furthermore, the Ductility index, load defection relation, 
and flexure cracking behaviors of concrete considerably 
improved with the incorporation of polypropylene fibers.

Experimental program

Materials

Cement. According to ASTM C150,39 Ordinary Portland 
cement Best way (Haripur, Pakistan) type-1 with 28 days 
compressive strength 42 MPa was used in this research. 
Table 1 shows the chemical composition and physical 
properties of cement used in this study.
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Polypropylene fibers (PPFs). Polypropylene fibers were 
procured from Sika company (Islamabad Pakistan) hav-
ing 35 mm long length with 0.55 mm diameter. Further-
more, Table 2 shows different aspects of PPFs used in 
this study.

Aggregate. Locally available natural sand was used as a fine 
aggregate (F.A) in all the mixes in saturated surface dry con-
dition (SSD). Normal weight crush stone was used as coarse 
aggregate (C.A) in a saturated dry condition which was 
obtained from Margallah Wah Cantt Punjab Pakistan. Dif-
ferent tests were performed on aggregate to evaluate its 
properties. Particle size distribution curve (gradation curve) 
of fine aggregate and coarse aggregate were shown in  
Figure 1 while physical properties were given in Table 3.

Constant parameter. Quantity and cement type, quan-
tity and type of aggregates, Water cement ratio and Mix 
design will be kept constant throughout the study. Fur-
thermore, Figure 2 showed a complete flow chart of 
research.

Variable parameter. The dose of polypropylene fibers is 
the variable element in all Mixes, starting from 0% to 4% 
by weight of cement.

Superplasticizer. High range water reducing admixture 
(Chemrite-530) was used as a superplasticizer which is 
non-toxic and non-harmful under relevant conditions and 
protection issues. Chemrite-530 follows the requirements 
define by codes of ASTM40 and EN41 and ASTM. Typical 
properties of the superplasticizer used in this study are 
given in Table 4.

Tests and size of specimen

A slump cone will be used to measure the workability of 
fresh polypropylene fibers reinforced concrete as per 
ASTM C-476.42 According to ASTM C39/C39M,43 
6 × 12″ (cylinder) was used to find the compressive capac-
ity of concrete after 7, 14, and 28 days curing. Similar to 
compressive strength, 12 × 12″ (cylinder) were cast and 
tested to measure tensile capacity as per standard given by 
ASTM C-496.44 A beam of size (6 × 6 × 20″) was cast and 
tested to measure their flexure behavior. Three samples of 
each test were tested, and their average value was taken as 
a strength for that test.

Sample preparation method. The casting of the test sample 
and compaction was done with a tamper rod in three differ-
ent layers manually having 25 blows per layer according to 
the method defined by ASTM C-31.45 A total of five mixes 
of standard-size specimens were cast and then tested. To 
study the effect of polypropylene fibers on the behavior of 
hardened and fresh concrete, five mixes are prepared. 
Details of the mixes are provided in the following Table 5.

Results and discussion

Fresh properties

Slump test and density of fresh fiber reinforced concrete. Con-
crete compressive strength generally depends on the con-
crete workability. The poor concrete workability reduces 
the concrete compaction and increases porosity in con-
crete. The rise in porosity reduces the concrete density of 
concrete leading to less compressive strength. Density is 

Table 1. Physical and chemical property of OPC.

Chemical property Percentage (%) Physical property Results

Ca0 65.7 Size ⩽75 µ
SiO2 21.9 Fineness 95%
Al2O3 5.4 Normal consistency 39%
Fe2O3 4.7 Initial stetting time 36 min
MgO 4.5 Final stetting time 451 min
SO3 1.9 Specific surface 322 m2/kg
K2O 1.4 Soundness 0.70%
Na2O 1.3 Compressive strength 42 MPa (28-days)

Table 2. Physical property of polypropylene fibers.

Physical property Results

Length 35 mm
Diameter 0.55 mm
Aspect ratio (L/d) 64
Tensile strength 415 MPa
Young’s modulus 3.6 GPa

Table 3. Physical property of fine and coarse aggregate.

Physical property Fine aggregate Coarse aggregate

Size 0.075–4.75 mm 4.75–25 mm
Fineness Modulus (F.M) 2.83 4.2
Water absorption 4.28% 3.38%
Moisture content 1.93% 1.65%
Bulk density (kg/m3) 1586 1535
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one of the most important factors to be considered while 
designing concrete design. Workability, is defined by ACI 
116, is the extent of how smoothly the concrete can be 
mixed, placed, compacted, and then be finished.46

Figure 3 shows concrete workability with the varying 
dosage of polypropylene fiber. Concrete workability 
decreased as the percentage of polypropylene fiber 
increased. Slump value of 0%, 1%, 2%, 3%, and 4% poly-
propylene fibers added to concrete were 53, 42, 34, 30, and 
28 mm which were 20%, 35%, 43%, and 47% lower than 
from reference concrete as shown in Figure 3. This is due 
to the fact, that the number of polypropylene fibers in a 
concrete mix increases the surface area. Along with coarse 
aggregate, the mortar also needs to coat the surface fibers. 
This means additional mortar is required to coat the extra 
surface area of polypropylene fibers, therefore more 
cement paste is required for lubrication which results in 
the workability of concrete being reduced as the percent-
age of polypropylene fibers raised. Also, polypropylene 
fiber enhances the internal friction between concrete ingre-
dients resulting in more paste to reduce the internal fric-
tion, leading to less workable concrete. A similar finding 
has been also reported that concrete workability reduced as 
the fibers percentage increased.32,47,48

The results of fresh concrete density with the varying 
dosage of polypropylene fibers were shown in Figure 4. 
The experiment outcome showed that fresh density 
increases as the ratio of polypropylene fibers increase up 
2% addition and then decreases as compared to the control 
concrete. Maximum fresh density is obtained at 2.0% addi-
tion of polypropylene fibers whereas the lowest density 
was obtained at 0.0% addition of polypropylene fibers 
control concrete. The increase in fresh density of concrete 

blend with polypropylene fibers is due to crack prevention 
fiber as polypropylene fiber reinforced concrete has fewer 
cracks as compared to control concrete leading to denser 
concrete. However, at higher dosages, at 4.0% addition of 
polypropylene fibers, the compaction process becomes 
more difficult which results in porous concrete, leading to 
a less fresh density of concrete as compared to control. 
Therefore a higher dosage of polypropylene, a higher dos-
age of superplasticizer is required.

The correlation between fresh density and slump with 
varying percentage polypropylene fibers is shown in 
Figure 5. It is observed that a strong correlation exists 
between slump and density of fresh fibers reinforced con-
crete having an R2 value greater than 90%. It is due to fact 
that density is the function of workability. Low workabil-
ity leads to more voids in occupied space which results in 
ultimate less density.

Harden properties

Dry density. The dry density of concrete is an important 
parameter that influences the mechanical performance of 
concrete as well as the durability aspects of concrete. 
Higher dry density results in less voids in hardened con-
crete which leads to more compressive strength. Similar 
higher dry density results in less penetration of water and 
acid into the concrete body which ultimately results in 
more durable concrete as compared to less dry density 
concrete.

Figure 6 shows the dry density of concrete with differ-
ent doses of PPFs. It can be observed that the dry density 
of concrete increased with the addition of PPFs up 2.0% 
and then decreased gradually. It can be also observed that 
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dry density is slightly lower than the fresh density of con-
crete. It is due to the evaporation of free water from con-
crete. All PPFs mix shows dry density greater than 
conventional concrete. It has been also reported that the 
dry density of concrete increased with the addition of PPFs 

up to 2.0% by weight of cement and then decreased due to 
lack of workability which results in more voids in hard-
ened concrete. Minimum density is 2310 kg/m3 at 0% 
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Table 4. Physical property of Superplasticizer.

Property Result

Color Dark brown
Density 1.78 at 27°C
Chloride content <0.2%
State (Physical) Liquid

Table 5. Quantification of materials per m3.

Materials (kg) Mix 1 Mix 2 Mix 3 Mix 4 Mix 5

Cement 425 425 425 425 425
Fine Aggregate (F.A) 625 625 625 625 625
Coarse Aggregate (C.A) 1270 1270 1270 1270 1270
Water 213 213 213 213 213
Superplasticizer 4.25 4.25 4.25 4.25 4.25
Polypropylene fibers – 4.25 8.5 12.75 17
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addition of PPFs (control concrete) while maximum den-
sity is 2450 kg/m3 at 2.0% addition of PPFs which is about 
60% more than reference concrete. It is because, PPFs 
restrict the propagation of shrinkage cracks which results 
in less voids in hardened concrete, leading to more dense 
concrete.

Compressive strength. The ability of materials to resist the 
force when it is subject to compressive force is termed as 
the compressive strength of that material. According to the 
standard procedure defined by ASTM as ASTM C39/
C39M43 was used for the compressive strength test for 
standard size (300 mm length and 150 mm diameter) cylin-
drical specimens.

Figure 7(c) shows the compressive strength of concrete 
with varying dosages of PPFs. Compressive strength 
enhanced up to 2.0% incorporation of PPFs as compared 
to control. At 2.0% addition of PPFs in concrete results in 
maximum compressive strength at 28 days as compared to 
the control mix or reference mix. After reaching the peak 

strength, the control concrete cylinder fails in compression 
with a big crack at the end of specimens while in the case 
of PPFs reinforced concrete cylinder, a larger number of 
tiny cracks appeared at the middle section of the cylinder 
which ensures ductile failure as shown in Figure 7(a) and 
(b). However, compressive strength starts to decrease due 
to lack of workability particularly at higher dosages that is, 
beyond the 2% dosage. The improvement of compressive 
strength due to the addition of PPFs can be attributed to the 
confinement of PPFs on the concrete specimen. Laterally 
expansion produced under the application of compressive 
load which is resisted due to confinement which results to 
enhance compressive strength.4,38 When the addition of 
PPFs is increased up to beyond 2.0%, this confinement can 
decrease transversal deformation crack of the sample and 
hence improve its capacity against compressive load. 
However, increasing the dosage of PPFs in particular 
higher dosage (beyond 2.0% addition of PPFs), due to lack 
of workability, the compaction process becomes more dif-
ficult leading to pores in hardening concrete, resulting in 
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less compressive capacity. Therefore, a higher dose of 
superplasticizer is required for a higher dose of PPFs. A 
similar finding is also reported by the past researcher.17–21

A relative analysis was also carried out in which 28 days 
compressive strength of control mix is considered is refer-
ence mix, from which different mix of varying percentages 
of PPFs is compared as shown in Figure 8. At 7 days cur-
ing, compressive strength is about 37% less than as com-
pared to control (28 days) at 2.0% addition of PPFs. At 
14 days curing, concrete compressive strength is only 3.0% 
less than reference concrete control (28 days) at 2.0% addi-
tion of PPFs. At 28 days of curing, concrete compressive 
strength is 11.8% higher than reference concrete at 2.0% 
addition of PPFs.

Split tensile strength. Split Tensile strength is the tensile 
stress produces due to applying compressive load in the 
compressive testing machine in such a way that concrete 
cylindrical specimen split in vertical diameter. It is called 
the indirect method to find the tensile strength of concrete. 
The direct method is not possible because of grip cylindri-
cal sample satisfactory as well as eccentric load. There-
fore, the direct tensile test is not a standardized method. 

After 7, 14, and 28 days of curing, split tensile was found 
according to ASTM C496-71,44 of a standard cylindrical 
sample of 150 mm diameter and 300 mm length.

Figure 9(c) shows split tensile strength with varying 
percentages of polypropylene fiber from 0% to 4.0% in 
increments by 1.0%. Based on experimental test results 
split tensile strength increased as the percentage of poly-
propylene fiber raised to 2.0% addition of polypropylene 
fiber and then decreased as displayed in Figure 9(c).

After 28 days of curing, the highest split tensile strength 
was obtained at 2.0% addition of polypropylene fiber, and 
minimum strength was obtained at 0% addition of poly-
propylene fiber (control mix). It is because the flexibility 
of concrete increases due to the addition of PPFs by halt-
ing the formation of tension cracks or stopping the creation 
of cracks which results that tensile strength capacity of fib-
ers reinforced concrete is much better than conventional 
concrete mix as shown in Figure 9(a) and (b). PPFs act as 
crack stoppers and not as cracks prevention. PPFs behave 
as crack stoppers and not as cracks prevention. Steel fibers 
are known to enhance the tensile capacity of post-cracking 
behavior.22 However, beyond 2% dosage polypropylene 
fiber, compaction becomes more difficult due to lack of 
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workability resulting in porous concrete, leading to less 
split tensile strength being reduced.

A relative analysis was also carried out in which 28 days 
split tensile strength of control mix is considered is refer-
ence mix, from which different mix of varying percentages 
of PPFs is compared as shown in Figure 10. At 7 days cur-
ing, split tensile strength is about 33% less than as com-
pared to control (28 days) at 2.0% addition of PPFs. At 
14 days curing, concrete split tensile strength is only 17% 
less than reference concrete control (28 days) at 2.0% addi-
tion of PPFs. At 28 days of curing, concrete split tensile 
strength is 12.2% higher than reference concrete at 2.0% 
addition of PPFs.

Correlation between split tensile strength and compres-
sive strength with varying percentage polypropylene fibers 

from 0% to 2.0% is shown in Figure 11. It has been 
reported Split tensile strength is a function of compressive 
strength.38 Split tensile strength is approximately 10% to 
15% of compressive strength.4 It is observed that a strong 
correlation exists between compressive strength and split 
tensile strength with varying dosage percentages of poly-
propylene fibers reinforced concrete having an R2 value 
greater than 90%.

Flexural strength. Flexural strength, or bending strength, or 
transverse rupture strength, or modulus of rupture is a 
material characteristic, which can be defined as the ability 
of the material to resist deformation.49 Flexure test was 
carried out on beam specimens of 6 × 6 × 20″ as shown in 
Figure 12 at the ages of 7, 28 days curing.
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Based on experimental work, the Flexure strength of 
varying percentages of polypropylene fibers at all ages 
was shown in Figure 13(c). It can be observed that flexure 

strength gradually increased up to 2.0% addition of poly-
propylene fibers and then gradually decreased had maxi-
mum flexure strength at all ages as compared to other 
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mixes. It has been also reported that fibers have displayed 
more considerable results on flexural tensile strength at up 
to 2.0% addition by weight of cement.23 So, polypropylene 
fibers had maximum flexure strength when polypropylene 
fibers are 2.0% by weight of cement and minimum when 
polypropylene fibers are 0% control concrete. Maximum 
flexure strength obtained was 25 MPa while flexure 
strength of normal concrete was 20 MPa at 28 days curing. 
It is worth mentioning here that fibers more significantly 
affect flexure strength than compressive strength. As fibers 
enhance ductility, which blocks the propagation of cracks, 
and hence strength improved as per previous study.22

Control concrete beams were destroyed in the compres-
sion zone by concrete crushing with wide cracks perpen-
dicular to the element axis, caused by bending. Beams 
carried the loads as long as the adhesion of concrete and 
steel was not exhausted, the beams reached the phase of 
successive cracks formation which concrete is failed ear-
lier than steel casing compression failure as shown in 
Figure 13(a). On the other hand, which PPFs are added to 
concrete, beams fail shear as shown in Figure 13(b). There 
were diagonal cracks due to shear in the support zone. 
Perpendicular cracks appeared much later in the case of 
beams made of concrete with 2.0% of PPFs, due to their 
greater tensile strength. PPFs reinforced concrete beams 
till carried full load after the crack appeared which results 
in ductile failure of concrete beams.

A relative analysis was also carried out in which 28 days 
flexure strength of control mix is considered is reference 
mix, from which different mix of varying percentages of 
PPFs is compared as shown in Figure 14. At 7 days curing, 
flexure strength is about 37% less than as compared to 
control (28 days) at 2.0% addition of PPFs. At 14 days cur-
ing, flexure strength is only 14% less than reference con-
crete control (28 days) at 2.0% addition of PPFs. At 28 days 

of curing, concrete flexure strength is 23% higher than 
reference concrete at 2.0% addition of PPFs.

The correlation between compressive strength and flex-
ure strength with varying percentage polypropylene fibers 
is shown in Figure 15. It is observed that a strong correla-
tion exists between slump and density of fresh fibers rein-
forced concrete having an R2 value greater than 90%.

Load deflection curve of beam. Curve Load deflection 
is a graphical relationship of deflection against the cor-
responding load. A comparison of load-deflection curves 
for both normal and polypropylene fiber beams was dis-
played in Figure 16. As it can be seen from Figure 16 that 
all the PPFs beams have higher values of the ultimate load 
as compared to the control concrete. It has been reported 
that increasing the fibers percentage results in increased 
peak ultimate flexure load more effectively which was 
about 2–3 times the control concrete.26 As a comparison 
of the control mix, Beam with 2.0% PPFs (by weight of 
cement) shows the maximum ultimate peak flexure load. 
Also, 2.0% of PPFs show maximum toughness (area under 
the curve). It is due to fact that PPFs act as crack stop-
pers which delays the generation of micro-cracks. Also 
reported that raise in fiber quantity will result in improved 
ductility, toughness, and strength.24 Adding of PPFs in 
concrete enhances not only the strength attributes but also 
the ductility of concrete which gives a warning (deforma-
tion) before failure.18 Thus, PPFs are a viable solution to 
increase the mechanical performance of concrete but more 
important is that, offset the brittle of concrete.

Ductility index. Ductility is the ability of materials to 
sustain considerable plastic deformation before failure, 
which may be articulated as percent elongation or percent 
area decrease from a tensile test. To find the ductility of 
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Figure 14. Relative analysis of flexure strength.
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the beams, the ductility factor can be introduced accord-
ing to ACI 363,50 which is the ratio between the deflec-
tion at the failure to the deflection at the yield point. As 
concrete is a brittle material that does not give any warn-
ing or deformation before failure which is not appeal-
ing for any construction material. The ductility index 
of varying dosages of PPFs were shown in Table 6. It 
can be observed that the ductile behavior of the beam 
can be considerably increased with the incorporation of 
PPFs having maximum ductility at 2.0% addition of PPFs 
which was almost 35% higher than from reference con-
crete. Also, the article reported that raise in fiber quantity 
will result in improved ductility, and strength.24 Adding 
of PPFs in concrete enhances not only the strength attrib-
utes but also the ductility.18

Crack patterns. The patterns of cracks were almost simi-
lar in all beam samples, the first crack developed at differ-
ent levels of load with varying dosages of polypropylene 
fiber (PPFs). As the load is raised, vertical flexural cracks 
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Table 6. Ductility index.

Polypropylene 
fiber (%)

Deflection at 
yield point (mm)

Deflection at 
ultimate point (mm)

Ductility 
index

0 1.8 7.8 4.33
1 1.6 9.2 5.75
2 2.1 12.9 6.14
3 1.6 9.2 5.75
4 1.5 8.3 5.53
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advance horizontally to the support from the mid-span 
as shown in Figure 17. It can be also noticed that flexure 
cracks reduced as the percentage of PPFs increased. It is due 
to fact that PPFs acts as cracks stopper which increased the 
tensile capacity of the beam. However, at a point of higher 
load, some additional cracks began to generate across the 
length of the sample, proliferating upward. Before the fail-
ure, compressive cracks began to form at the top surface 
of the concrete beams. Such compressive cracks increased 
with the incorporation of PPFs due to increase tensile 
capacity. Similar cracking behavior of beam with addition 
steel fibers was observed by Ahmad et al.4

First crack load. It is that load where the first signs of 
yielding on the side of the reinforced cement concrete 
(RCC) beam are observed which can be done visually dur-
ing the test. Loads at first cracking from the experimen-
tal outcome were shown in Figure 18. It can be observed 
that strength at the first crack is raised with the addition 
of PPFs in comparison to the control concrete beam. The 

beam which contains 2% PPFs, first crack load about 
80% higher than as in comparison to control. This is due 
to improvement in the concrete fraction bond because 
of PPFs and thus the consequent notable expansion of 
cracks. The strain capacity of concrete is increased due to 
the addition PPFs percentage, which leads to the greater 
load absorption capacity of concrete. Hence first crack 
load is increased. However, beyond the 2% addition of 
PPFs, the compaction process become more difficult due 
to decreased workability as discussed above which results 
in porous concrete, leading to decreased first crack load.

Maximum crack width. Figure 19 shows the results of 
maximum crack width with varying percentages of PPFs. 
Maximum crack widths of fiber reinforced concrete beams 
were calculated at the same level of load (50kN). As 
shown in Figure 18 that adding of PPFs causes an effec-
tive decrease in maximum crack width in fiber reinforced 
concrete (FRC) beams as in comparison to control con-
crete beams. When 2.0% PPFs were added, the maximum 
crack width was decreased by about 64%, as compared to 
control. This is because of the improvement in the bond of 
concrete elements when fibers were present in the matrix. 
The fibers delay the propagation of micro-cracks since fib-
ers bridge these cracks and restrain their widening, thus 
improving the post-peak ductility and energy absorption 
capacity.4

Conclusions

In this paper, the effects of various polypropylene fibers 
dosage by weight of cement (0%, 1.0%, 2.0%, 3.0%, and 
4.0%) are investigated on the performance of concrete. 
Based on experiment tests, the following conclusion has 
been drawn.Figure 17. Crack pattern.
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•	 The workability of concrete was reduced due to the 
incorporation of polypropylene fibers due to the 
larger surface area of fibers. The decrease in slump 
value is inside the scope of 20%–47% for various 
percentages of PPFs.

•	 Fresh density increased with the addition of polypro-
pylene fibers up to 2.0% addition and then decrease 
having a maximum fresh density at 2.0% of PPFs 
which is 10% higher than reference concrete.

•	 The highest strength (Compressive, split tensile, 
and flexure strength) was obtained at a 2.0% dosage 
of polypropylene fiber. It is due to crack prevention 
of PPFs. At 28 days of curing, Compressive strength 
is 12% higher than reference concrete at 2.0% addi-
tion of PPFS

•	 Flexure and split tensile is about 23% and 12.5% 
higher than reference concrete at 2.0% addition of 
PPFs after 28 days of curing respectively.

•	 However, beyond 2.0% dosage strength was 
reduced due to lack of workability which results in 
more compaction efforts is required, leading to 
more pore in hardening concrete resulting in less 
strength. Therefore, a higher dose of superplasticiz-
ers is required for a higher dose of PPFs.

•	 Ductility index, first crack load, maximum crack 
width, and load-deflection inter-relations were con-
siderably improved due to incorporations of PPFs. 
The ultimate load is about 23% higher than refer-
ence concrete. The maximum ductility index is 6.14 
which is 41% more than reference concrete. It is 
due to fact that the tensile strain capacity of con-
crete was increased due to the addition PPFs fiber 
percentage, which leads to the greater load absorp-
tion capacity of concrete.

From this study, we can recognize that the addition of 
PPFs has considerably raised the strength as well as offset 
the undesirable brittle nature of concrete.

Acknowledgement

The authors extend their appreciation to the deanship of scientific 
research, King Khalid University for funding this work through 
group research program under grant number RGP. 2/71/42.

Declaration of conflicting interests

The author(s) declared no potential conflicts of interest with respect 
to the research, authorship, and/or publication of this article.

Funding

The author(s) disclosed receipt of the following financial support 
for the research, authorship, and/or publication of this article: 
Deanship of Scientific Research at King Khalid University for 
funding this work through group research program under grant 
number RGP. 2 /71/42.

ORCID iD

Jawad Ahmad  https://orcid.org/0000-0002-9890-7158

References

 1. Zaid O, Ahmad J, Siddique MS, et al. A step towards sustain-
able glass fiber reinforced concrete utilizing silica fume and 
waste coconut shell aggregate. Sci Rep 2021; 11(1): 12822.

 2. Ahmad J, Aslam F, Zaid O, et al. Mechanical and durability 
characteristics of sustainable concrete modified with partial 
substitution of waste foundry sand. Struct Concr 2021; 22: 
2775–2790.

 3. Shafigh P, Mahmud H and Jumaat MZ. Effect of steel fiber 
on the mechanical properties of oil palm shell lightweight 
concrete. Mater Des 2011; 32: 3926–3932.

0

0.5

1

1.5

2

2.5

3

Control 1%PPFS 2%PPFs 3%PPFs 4%PPFs

C
ra

ck
 W

id
th

 (m
m

)

%of PPFs

Figure 19. Crack width.

https://orcid.org/0000-0002-9890-7158


16 Journal of Engineered Fibers and Fabrics 

 4. Ahmad J, Manan A, Ali A, et al. A study on mechanical 
and durability aspects of concrete modified with steel fibers 
(SFs). Civ Eng Archit 2020; 8: 814–823.

 5. Yew MK, Mahmud HB, Ang BC, et al. Influence of differ-
ent types of polypropylene fibre on the mechanical properties 
of high-strength oil palm shell lightweight concrete. Constr 
Build Mater 2015; 90: 36–43.

 6. Yap SP, Alengaram UJ and Jumaat MZ. Enhancement of 
mechanical properties in polypropylene– and nylon–fibre 
reinforced oil palm shell concrete. Mater Des 2013; 49: 
1034–1041.

 7. Bi YZ, Zhang DL and Hu JH. Application of modified poly-
propylene (crude) fibers concrete to strengthen the support 
structures in deep mine roadway. J Coal Sci Eng 2012; 18: 
379–384.

 8. Banthia N. Report on the physical properties and durabil-
ity of fiber-reinforced concrete, 2010. https://repositorium.
sdum.uminho.pt/bitstream/1822/13381/1/CB_7_AF.pdf

 9. Behbahani HP, Nematollahi B and Farasatpour M. Steel 
fiber reinforced concrete: a review, 2011. http://dl.lib.uom.
lk/handle/123/9505

 10. Nielsen CV. Mechanical properties for green concrete. In: 
Proceedings of XVIII Nordic concrete research meeting, 
Helsingør, Denmark, June 2002.

 11. Zheng Y, Cai Y, Zhang G, et al. Fatigue property of basalt 
fiber-modified asphalt mixture under complicated environ-
ment. J Wuhan Univ Technol Sci Ed 2014; 29: 996–1004.

 12. Jaivignesh B and Sofi A. Study on mechanical properties of 
concrete using plastic waste as an aggregate. IOP Conf Ser 
Earth Sci 2017; 80: 12016.

 13. Fan FL, Xu JY, Bai EL, et al. Experimental study on impact-
mechanics properties of basalt fibre reinforced concrete. 
Adv Mater Res 2010; 168–170: 1910–1914.

 14. Akca AH and Özyurt N. Effects of re-curing on residual 
mechanical properties of concrete after high temperature 
exposure. Constr Build Mater 2018; 159: 540–552.

 15. Sorelli LG, Meda A and Plizzari GA. Steel fiber concrete slabs 
on ground: a structural matter. ACI Struct J 2006; 103: 551.

 16. Zheng Y, Wu X, He G, et al. Mechanical properties of steel 
fiber-reinforced concrete by vibratory mixing technology. 
Adv Civil Eng 2018; 2018: 1–11.

 17. Usman M, Farooq SH, Umair M, et al. Axial compressive 
behavior of confined steel fiber reinforced high strength 
concrete. Constr Build Mater 2020; 230: 117043.

 18. Sukumar A and John E. Fiber addition and its effect on con-
crete strength. Int J Innov Res Adv Eng 2014; 1: 144–149.

 19. Afroughsabet V, Biolzi L and Ozbakkaloglu T. High-
performance fiber-reinforced concrete: a review. J Mater 
Sci 2016; 51: 6517–6551.

 20. Mohod MV. Performance of steel fiber reinforced concrete. 
Int J Eng Sci 2012; 1: 1–4.

 21. Kumar N. A review study on use of steel fiber as reinforce-
ment material with concrete. IOSR J Mech Civil Eng 2015; 
12: 95–98.

 22. Lim JC and Ozbakkaloglu T. Confinement model for FRP-
confined high-strength concrete. J Compos Constr 2014; 
18: 04013058.

 23. Deluce JR and Vecchio FJ. Cracking behavior of steel fiber-
reinforced concrete members containing conventional rein-
forcement. ACI Struct J 2013; 110: 481–490.

 24. Khaloo AR and Kim N. Influence of concrete and fiber 
characteristics on behavior of steel fiber reinforced concrete 
under direct shear. Mater J 1997; 94: 592–601.

 25. Gul M, Bashir A and Naqash JA. Study of modulus of 
elasticity of steel fiber reinforced concrete. Int J Eng Adv 
Technol 2014; 3: 304–309.

 26. Shannag MJ, Brincker R and Hansen W. Pullout behavior of 
steel fibers from cement-based composites. Cem Concr Res 
1997; 27: 925–936.

 27. Williamson GR. The effect of steel fibers on the compres-
sive strength of concrete. Spec Publ 1974; 44: 195–208.

 28. Khaleel OR, Al-Mishhadani SA and Abdul Razak H. The 
effect of coarse aggregate on fresh and hardened properties 
of self-compacting concrete (SCC). Procedia Eng 2011; 14: 
805–813.

 29. Zhu W. Permeation properties of self-compaction concrete. 
In: Siddique R (ed.) Self-compacting concrete: materi-
als, properties and applications. Duxford: Elsevier, 2020, 
pp.117–130.

 30. Pereira ENB, Barros JAO, Ribeiro AF, et al. Post-cracking 
behaviour of selfcompacting steel fibre reinforced con-
crete, 2004. https://repositorium.sdum.uminho.pt/handle/ 
1822/3168

 31. Sadiqul Islam GM and Gupta SD. Evaluating plastic shrink-
age and permeability of polypropylene fiber reinforced con-
crete. Int J Sustain Built Environ 2016; 5: 345–354.

 32. Ahmad J, Aslam F, Zaid O, et al. Self-Fibers compacting 
concrete properties reinforced with propylene fibers. Sci 
Eng Compos Mater 2021; 28: 64–72.

 33. Mohseni E, Yazdi MA, Miyandehi BM, et al. Combined 
effects of metakaolin, rice husk ash, and polypropylene 
fiber on the engineering properties and microstructure of 
mortar. J Mater Civ Eng 2017; 29: 04017025.

 34. Mugahed Amran YH, Alyousef R, Alabduljabbar H, et al. 
Performance properties of structural fibred-foamed con-
crete. Results Eng 2020; 5: 100092.

 35. Castillo-Lara JF, Flores-Johnson EA, Valadez-Gonzalez 
A, et al. Mechanical properties of natural fiber reinforced 
foamed concrete. Materials 2020; 13: 3060.

 36. Flores-Johnson EA and Li QM. Structural behaviour of 
composite sandwich panels with plain and fibre-reinforced 
foamed concrete cores and corrugated steel faces. Compos 
Struct 2012; 94: 1555–1563.

 37. Mydin MAO and Soleimanzadeh S. Effect of polypropyl-
ene fiber content on flexural strength of lightweight foamed 
concrete at ambient and elevated temperatures. Adv Appl Sci 
Res 2012; 3: 2837–2846.

 38. Ahmad J, Al-Dala’ien RNS, Manan A, et al. Evaluating the 
effects of flexure cracking behaviour of beam reinforced 
with steel fibres from environment affect. J Green Eng 
2020; 10: 4998–5016.

 39. Cement APASTM. C150 of the following type: 1. Concr 
which will be contact with Sew Type II, Moderate Sulfate 
Resist 2. https://www.astm.org/Standards/C150

 40. High-Range W-RA. Admixture R ASTM C 494/C 494M. Type 
F. https://www.astm.org/DATABASE.CART/HISTORICAL/
C494C494M-99A.htm

 41. EN TS 934-2. Admixtures for concrete, mortar and grout-part 
2: concrete admixtures; definitions, requirements, conform-
ity, marking and labelling. British Standard Institute, 2009. 

https://repositorium.sdum.uminho.pt/bitstream/1822/13381/1/CB_7_AF.pdf
https://repositorium.sdum.uminho.pt/bitstream/1822/13381/1/CB_7_AF.pdf
http://dl.lib.uom.lk/handle/123/9505
http://dl.lib.uom.lk/handle/123/9505
https://repositorium.sdum.uminho.pt/handle/1822/3168
https://repositorium.sdum.uminho.pt/handle/1822/3168
https://www.astm.org/Standards/C150
https://www.astm.org/DATABASE.CART/HISTORICAL/C494C494M-99A.htm
https://www.astm.org/DATABASE.CART/HISTORICAL/C494C494M-99A.htm


Ahmad et al. 17

https://standards.iteh.ai/catalog/standards/cen/16790a91-
c169-477d-beec-09ff83c9a0a4/en-934-2-2009

 42. Grout F. Except with a maximum slump of 4 inches, as 
measured according to ASTM C 143. ASTM C 476. https://
www.astm.org/DATABASE.CART/HISTORICAL/C476-
10.htm

 43. C39/C39M A. Standard test method for compressive 
strength of cylindrical concrete specimens. Annu B ASTM 
Stand, 2003. https://www.astm.org/Standards/C39

 44. Designation A. C496-71. Stand Method Test Split Tensile 
Strength Cylind Concr Specimens, 1976. https://www.astm.
org/Standards/C496

 45. Specimen CT ASTM C 31. One set of four standard cyl-
inders for each compressive-strength test, unless oth-
erwise directed. Mold store Cylind Lab test specimens 
Except when field-cured test specimens are required.  
https://www.astm.org/Standards/C31.htm

 46. Scanlon JM. Factors influencing concrete workability. 
In: Klieger P and Lamond J (eds) Significance of tests 
and properties of concrete and concrete-making materi-
als. West Conshohocken, PA: ASTM International, 1994, 
pp.49–64.

 47. Johnston CD. Measures of the workability of steel fiber rein-
forced concrete and their precision. Cem Concr Aggregates 
1984; 6: 74–83.

 48. Figueiredo ADD and Ceccato MR. Workability analysis of 
steel fiber reinforced concrete using slump and Ve-Be test. 
Mater Res 2015; 18: 1284–1290.

 49. Ashby MF. Materials selection in mechanical design. 
Burlington, MA: Butterworth-Heinemann, 2011.

 50. ACI 363 Committee. State of the arts on high strength 
concret. Manual of Concrete Practice, 1992. https://www.
academia.edu/8275753/ACI_363r_92_State_of_the_Art_
Report_on_High_Strength_Concrete

https://standards.iteh.ai/catalog/standards/cen/16790a91-c169-477d-beec-09ff83c9a0a4/en-934-2-2009
https://standards.iteh.ai/catalog/standards/cen/16790a91-c169-477d-beec-09ff83c9a0a4/en-934-2-2009
https://www.astm.org/DATABASE.CART/HISTORICAL/C476-10.htm
https://www.astm.org/DATABASE.CART/HISTORICAL/C476-10.htm
https://www.astm.org/DATABASE.CART/HISTORICAL/C476-10.htm
https://www.astm.org/Standards/C39
https://www.astm.org/Standards/C496
https://www.astm.org/Standards/C496
https://www.astm.org/Standards/C31.htm
https://www.academia.edu/8275753/ACI_363r_92_State_of_the_Art_Report_on_High_Strength_Concrete
https://www.academia.edu/8275753/ACI_363r_92_State_of_the_Art_Report_on_High_Strength_Concrete
https://www.academia.edu/8275753/ACI_363r_92_State_of_the_Art_Report_on_High_Strength_Concrete

