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Abstract: The use of fibers in concrete at relatively low volume fraction has been gaining rising popularity among
researchers for the recent years due to its availability, ability to enhance overall performance and cost effectiveness.
Fibers are mainly classified according to their origin. Numerous researches have been carried out with natural and
artificial fibers separately to elucidate its effect on the various parameters of concrete. However, a little finding is
available about the comparative study among these three distinct types of fibers affecting concrete properties. In
this study coconut coir, nylon thread and low-cost galvanized iron wire have been selected as natural, synthetic
and steel fibers respectively. Coconut coir and nylon thread were mixed at three different percentage of 1.5%,
2.5% and 3.5% respectively by weight of cement. Steel fibre contents 1.5%, 2.5% and 3.5% respectively by weight
of concrete. The results were obtained through an experimental investigation that shows the influence of natural,
synthetic and steel fibers on rheological and mechanical properties of concrete. Optimum fibre content was 2.5%
where steel fibre shows a maximum 17% and 30% rise in compressive and flexure strength respectively. On the
other hand, fibres play a great role with its combining effect on the post cracking ductility and energy absorption
of concrete.
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1. Introduction

In the present world the infrastructure development largely depend on the use and enhancing of the properties
of concrete. One such improvement is the incorporation of fibres to overcome the weakness of concrete such as
brittleness, weak in tension, cracking etc. Use of suitable amount of fibres also increases strength, ductility, elastic
modulus and serviceability of concrete members. Many researches have been carried out with various types of
fibres. The potentiality of coconut stem, coconut fibre, coconut and coconut fibre ash, banana fibre bars, steel fibre,
crumb rubber and steel fibres, waste tires rubber and recycled aggregate, FRP rebar and steel fibre, polypropylene
hybrid fibre to enhance the strength characteristics of concrete, was elaborately investigated and satisfactory result
was found [1-11]. A research work to evaluate the effectiveness of banana fibre to promote the impact strength
lightweight self-compacting concrete executed that 1.25% addition of banana fibres could improve the impact
strength of lightweight self-compacting concrete with no undesirable effect on the self-compatibility [12]. A case
study to enhance the quality of concrete, utilizing locally available low-cost Galvanized Iron (GI) wire fibres in
concrete suggested that 2.5-3.5% of Galvanized Iron (GI) wire fibres by weight could produce relatively better
results for a particular mix design [13]. Use of fibre in concrete also improves permeability properties.
Investigation shows that, up to 75% replacement of coarse aggregate with coconut shell aggregate in light weight
self-consolidating concrete exhibited better results with respect to permeability properties [14]. Addition of basalt
fibre on volumetric dosage had influences on flexural performance. Research suggests that 0.2-0.25% of basalt
fibre dosage improve the structural strength [15]. In an experiment, the addition of lathe factories waste fibres to
recycled concrete geopolymer beams confirmed better results to improve the displacement ductility, energy
absorption, loading carrying capacity and toughness [16]. The influence of polyethylene terephthalate waste fibres
on the strengths and serviceability of reinforced concrete beams and there was found remarkable progress in
ductility and stiffness behavior [17]. Another research work observed the mechanical behavior of Carbon Nano-
Fiber (CNF) Composites, and Hybrid-Fibre Composites. For 0.025% inclusion of CNFs caused the improvement
of 40% in flexural strength, 45% in tensile strength, and 85% in toughness [18]. Fibres not only used in the concrete
but also improve the property of soil cement mortar [19-20].
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A wide range of materials which have the reinforcing action can be mixed with concrete to improve its physical
and mechanical properties. The fibres which are locally available and obtained from natural sources can be a
sustainable alternative and low cost solution. Most of the previous works in literature are conducted on single or
at most considering two types of fibre. However, a little number of researches is found where three basic types of
fibres have been considered with similar fibre content. In this study, the prime focus was to evaluate and compare
the utility of coconut coir, nylon fiber and galvanized iron wire mixed with same mix proportioned concrete. On
the basis of the flexural, compressive strength, cracking pattern and mechanical interaction of the fibers with
concrete materials, the performances of the concrete composited with three different fibers were justified.

2. Materials

Ordinary Portland cement (OPC) was used in this study which is the most commonly utilized cement type for
general engineering works in Bangladesh. The Chemical compositions of cement are given in Table 1. Natural
crushed stone 20 mm downgrade was used as coarse aggregate. Locally available natural river sand having
maximum size of 4.75 mm was used as fine aggregate collected from Rajshahi, Bangladesh. To remove the organic
matters the sample of fine aggregate was cleaned according to ASTM C33/C33M-18 standard [21]. The physical
properties of coarse and fine aggregate are listed in Table 2.

Table 1. Chemical compositions of cement.

Constituents Weight (%)
Silica (SiOy) 20.76
Alumina (Al;Os) 4.76
Ferric Oxide (Fe20s) 3.32
Calcium Oxide (CaO) 65.12
Magnesium Oxide (MgO) 1.20
Sulfur trioxide (SO3) 2.23
Insoluble Residue (IR) 0.36
Free Lime 0.94
Loss of Ignition (LOI) 0.52
Ratio of Al,O3to Fe;0O3 1.43

Table 2. Physical properties of aggregate.

Parameters Coarse Aggregate Fine Aggregate
Fineness modulus 6.12 2.96

Specific gravity 2.69 2.89

Moisture content 20.3% 14.5%

Coconut coir was used in the study as natural fibre obtained from the nature. The coir sample was kept immerged
in water 24 hour to remove all undesirable matters and impurities. Then the moist coconut fibres were dried under
sunlight more than 5 hours. Nylon thread was used as synthetic fibre collected from nearby market. According to
ACI 544.3R steel fibre length varies from 12.7 mm to 63.5 mm to be used in fibre reinforced concrete (FRC) and
diameter of fibre varies mostly from 0.45 mm to 1.0 mm [22]. The aspect ratio is defined as the ration of length
(0) and diameter (d) or the equivalent diameter (de) in certain cases. The code specifies that the value of aspect
ratio should lie between 30 and 100. The above specifications for steel fible also comply with the ASTM-A 820/A
820 M standard [23]. Table 3. shows the physical properties of natural, synthetic and steel fibres. Visual
representation and corresponding length scale of coconut coir, nylon and steel fibres are shown in Fig. 1. Fresh
potable water conforming the drinking standard ASTM C1602/C1602M-18 was used in mixing all types of
concrete [24].

Table 3. Physical properties of natural, synthetic and steel fibres.

Properties Natural fibre (Coir)  Synthetic fibre Steel fibre
Length (mm) 45-55 45-55 45-55
Diameter (mm) 0.6 0.7 0.7
Aspect Ratio 75-91 64-78 64-78
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Fig. 1. Sample of fibre

3. Experimental investigations

3.1 Mix proportion and casting of concrete

Concrete mix ratio of 1; 1.5: 3 by weight of cement, fine aggregate and coarse aggregate were used for mixing
the concrete. The reason for using this proportion is that most of the concrete works in Bangladesh are done using
this mix ratio. Water cement ration of 0.50 was chosen for all types of concrete mix and no water reducing
admixtures was used in concrete. However, in some cases concrete mixed with fibres losses workability which is
very common for FRC may be needed use of admixtures [25]. Natural and synthetic fibres were added at three
different percentage of 1.5%, 2.5% and 3.5% respectively by weight of cement. On the other contrary, steel fibre
contents 1.5%, 2.5% and 3.5% respectively by weight of concrete. Four types of concrete mixes were prepared in
the present study where the first category contains no fibre called control specimen and rest of the specimen
contains 1.5%, 2.5% and 3.5% of natural, synthetic and steel fibres respectively. The whole operation of concrete
mixing and curing was performed according to ASTM C192/C192M - 19 [26]. Fibres were mixed gradually in
three consecutive times so as to get a homogeneous mixture of FRC.

3.2 Test on fresh concrete

The workability of concrete was measured on fresh concrete. Workability of concrete indicates the relative ease
with which concrete can be placed, compacted and finished without segregation. Slump test is the most common
and widely used method of measuring workability of concrete. The workability and consistency of fresh concrete
was determined by slump test according to ASTM C143 [27]. Slump test on control and FRC concrete explains
the effect of incorporating fibres on concrete workability. Fig. 2 shows clearly the arrangement of slump test and
measurement of slump value.
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Fig. 2. Slump test (a) mould prepar

3.3 Test on hardened concrete

Cube specimens of 150mmx150mmx150mm were prepared for control as well as natural, synthetic and steel
fibre reinforced concrete having three different percentage of fibre content. The compressive strength of concrete
was measured by universal compression testing machine after 7 days and 28 days of curing respectively.

Load was applied at a constant rate until failure occurred. The compressive strength of concrete was measured
by the following expression:

F = P/A (N/mm?)

where, P = Ultimate load (N) and A = Loaded area (150 mm x 150 mm).
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For the determination of flexural strength FRC beams of 100mm x 100mm x 450mm were prepared and tested
under centre point loading according to ASTM C293/C293M — 16 [28]. The flexural strength is expressed as
modulus of rupture, R and is calculated by the following formula:

R = 3PL/2bd? (N/mm?)

where, P = maximum applied load indicated by the testing machine (N); L = span length (mm); b = average width
of specimen, at the fracture (mm) and d = average depth of specimen, at the fracture (mm).

4. Results and discussion

4.1 Effect of fibre content on slump value

Slump values for zero and three different percentage of fibre content are shown in Fig. 3. It is clear from the
graphical representation that the maximum slump value is 52 mm for control specimen when no fibre was mixed
with the concrete. With the addition of fibre in concrete the value of slump decreases significantly for all three
types of fibres. The more is the percentage of fibre in concrete less is the slump value of concrete. The reason for
the reduction of slump value can be explained from the concept of concrete technology. The less is the size of the
aggregate, the greater is the surface area and hence higher amount of water is required for wetting the surface of
aggregate. Therefore, for a given amount of water smaller size of aggregate will give less workability. Similarly,
mixing of fibres in concrete increases the surface area contributing from the fibres in addition of aggregate surface.
The mortar must coat the surface of fibres and high amount of paste is required for wetting the surface of aggregate
as well as fibres. So, for a given amount of water slump value shows a decreasing trend when the amount of fibre
increased in the concrete mix. Another reason may be the formation of three-dimensional scaffolding inside the
concrete mix by the intertwined array of fibres. The scaffolding is weak when the fibre content is less and strong
enough for a higher percentage of fibre content [13]. Among the three types of fibre mixed concrete the lowest
slump value is observed when coconut coir fibre is added to the concrete. For 3.5% fibre content the slump value
is zero. One reason for the high reduction of slump value is the absorption of water by the coir fibre from the mix.
Steel and synthetic fibre concrete represents almost same pattern of slump value.
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Fig. 3. Slump values of control and FRC sample

4.2 Effect of fibre content on compressive strength

All specimens for each concrete mix were prepared and tested after 7 days and 28 days curing period. Fig. 4
illustrates the variation of compressive strength for three different percentage of natural, synthetic and steel fibre
reinforced concrete. After 7 days the maximum compressive strength for normal concrete is 18 MPa. In case of
natural fibre mixed concrete, the strength ranges from 16-17 MPa. On the other hand, the maximum compressive
strength when the concrete is mixed with steel and synthetic fibre is 18 MPa and 15 MPa respectively. In all the
cases 7 days strength follows a decreasing trend when concrete is mixed with fibres. This is due to the fact that at
the very early stage the bond among the constituents of concrete such as coarse aggregate, fibres and cement matrix
remains weak and hybrid fibre components makes a separation between aggregate and cement paste. Therefore, it
can be concluded that fibre possesses no positive influence on compressive strength at early age.

Fig. 5 shows the change in compressive strength for natural synthetic and steel fibre reinforced concrete with
respect to normal concrete. The maximum reduction (22%) in compressive strength occurs for synthetic fibre. One
of the reasons for this reduction is due to the low shear modulus of synthetic fibres. Synthetic fibre concrete cannot
afford high shear modulus which is required in resisting shearing failure mechanism under compression.
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Fig. 5. Percent change in compressive strength at 7 days

Fibre concrete shows a slight increase in compressive strength at later age. From Fig. 6 it is noticeable that steel
and natural fibre concrete shows a variable increment in compressive strength at 28 days as compared to the normal
concrete. The only different trend is observed for synthetic fibre.

Fig. 7 depicts that compressive strength increased maximum 17% for steel fibre as compared to control
specimen with 2.5% fibre content. Natural fibre concrete also shows similar behavior, but the increment was not
as high as steel fibre concrete. Unlike steel and natural fibre synthetic fibre concrete shows reduction in
compressive strength also at later stage which is presented in Fig. 7. The reason for this reduction has already been
explained in the previous discussion.

One of the most noticeable differences between the normal concrete and the fibre reinforced concrete was the
failure characteristics. As already mentioned, that fibres possesses slight effect on the gain in compressive strength
of concrete but they can improve the post cracking ductility and energy absorption of concrete. The combining
effect of fibre resist the abrupt crushing of concrete and decrease the amount of lateral strain. From Fig. 8 it is
observed that normal concrete fails by breaking of coarse aggregate as well as cement paste. On the other hand,
although initial crack develops in the fibre reinforced concrete early but it inhibits failure by crushing. Multiple
cracks were developed on the surface of the test specimens containing fibres in different proportion.
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Fig. 6. Compressive strength at 28 days
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Fig. 7. Percent change in compressive strength at 28 days
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Fig. 8. Failure pattern (a) normal concrete (b) fibre reinforced concrete

4.3 Effect of fibre content on flexural strength

All beam specimens were tested after 28 days curing according to ASTM C293/C293M - 16. Test results of
flexural strength are shown in Fig. 9. For control specimen the maximum flexural strength was 6.25 MPa. Unlike
compressive strength addition of fibres in concrete increases the flexural strength. From Fig. 9 it is observed that
three types of fibre concrete exhibits variable increment in flexural strength for different fibre content. It is clear
that steel fibre is more significant in imparting strength than other two types of fibres. Coconut coir has moderate
and synthetic fibre has lowest effect in yielding flexural strength of fibre concrete. Fig. 10 shows that natural fibre
increase about 10% and in case of synthetic fibre only 2.5% addition of fibre uprising the flexural strength to about
10% as compared to the normal concrete. On the contrary, mixing of steel fibre increases the strength more than
30% in all three types of fibre content.
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Fig. 9. Flexural strength
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Fig. 10. Percent change in flexural strength

The typical failure pattern of sample beam under flexure is shown in Fig. 11. Control specimen is characterized
by brittle failure. It was broken instantly just after reaching ultimate load and snapped into two pieces. There was
no forecast in advance before failure. A sudden drop of load was happened when the first crack was developed on
the control specimens. Whereas, the fibre concrete carry load even after the crack is observed at ultimate load. The
second picture of Fig. 11 displays how fibres make bridge across the crack and resists the crack expansion. This
function of fibre makes the concrete more ductile and FRC withstand more strength than the normal concrete.
Steel fibre exhibits more ductile behavior than other types of fibres. The optimum fibre content was investigated
2.5% and also 3.5% in case of steel fibre. Further study with higher percentage of fibre content may be necessary
to clearly investigate whether higher percentage of fibre offers more ductile behavior. But an assumption may be
drawn from the present study. As addition of high percentage of fibre decrease workability it implies that lower
performance of concrete with respect to ductility, crack resistance and strength capacity will happen.

4.4 Relation between test results and code of practice

The relation between 28 days compressive strength and flexural strength test results and analytical findings
from empirical equations suggested by code of practice are shown in the Table 4. There are various standards that
prognosticate the flexural strength from both the cube and cylindrical compressive strength. Equation (1) and (2)
are recommended by IS: 456-2000 (India) and EC-02 (Europe) that predict flexural strength from cube
compressive strength.

fr =07 {fc (1)
fr=10.201f (2)

where, f. = modulus of rupture (flexural strength) at 28 days in N/mm2 or MPa and f. = cube compressive strength
at 28 days in N/mm2 or MPa.

From table below it is visualized that the test results are very close to EC-02 than IS: 456-2000 particularly in
case of control specimen. The reason is that the reference two codes are suggested for normal concrete. Whereas
for fibre reinforced concrete the test results are much higher than the analytical calculations. As EC-02 is closer to
the experimental result so we are concluding the summary considering this standard. For normal concrete the
difference between test and analytical result is 0.72 MPa but for steel fibre reinforced concrete the difference is
2.32 MPa. The difference for normal concrete is very small because they are identical in composition but for steel
fibre reinforced concrete this difference is significant that clearly indicate the effect of incorporating fibre in
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concrete. For other two types of fibre concrete the difference is lower than steel which also prove the results that
are previously discussed.

Table 4. Comparative performance of test results with respect to code of practice

Fibre Type fe,cavr)(MPQ) Standard fr (MPa)
Natural 30.67 Experiment 7.67
IS: 456-2000 3.88
EC-02 6.16
Synthetic 26.67 Experiment 6.97
IS: 456-2000 3.62
EC-02 5.36
Steel 34.33 Experiment 9.22
IS: 456-2000 4.10
EC-02 6.90
Control 30 Experiment 6.75
IS: 456-2000 3.83
EC-02 6.03

5. Conclusions

Mixing of different types of fibres in concrete is not a new technique but comparative study among three main
types of fibres is very little. This study carried an experimental investigation to determine the rheological and
mechanical properties and failure characteristics of normal, natural, synthetic and steel fibre reinforced concrete.
The following conclusions can be drawn from the test results and discussion:

1) Addition of fibres in concrete decreases the slump value significantly. When the fibre content is 3.5% the
slump value is nearly zero. So, when the fibre content is high it might be necessary to use certain workability
improving agents.

2) Incorporation of fibres in concrete has very little effect on the static compressive strength. The compressive
strength at 7 days in case of almost three types of fibres shows a decreasing trend because of weak bond among
the constituents of concrete such as coarse aggregate, fibres and cement matrix remains weak and hybrid fibre
components makes a separation between aggregate and cement paste. On the contrary, at 28 days of concrete
natural and steel fibre showed a slight increase in compressive strength where a maximum 17% rise is observed
when 2.5% steel fibre was added in concrete.

3) Fibres play a significant role in flexural strength. Three types of fibre concrete impart variable increment in
flexural strength for different fibre content. Steel fibre provides significant increase flexural strength which is more
than 30% than the normal concrete. Coconut coir gives moderate and nylon thread small increase when added in
concrete.

4) Fibres enhance energy absorption capacity of concrete and provide post cracking ductility. It prevents abrupt
crushing during failure and carry load even after the first crack is observed at ultimate load.

5) The three types of fibre and their percentage in concrete plays different role on the rheological and mechanical
properties of concrete. For all three types of fibre optimum percentage of fibre was 2.5% in the study considering
the sufficient improve of all properties. Steel fibre shows maximum efficiency in enhancing compressive and
flexural strength and also imparts higher ductility. The effect of synthetic fibre in concrete is relatively low due to
its low shear modulus especially in compression. The role of natural fibre is very low in improving compressive
strength but have moderate effect when subjected under flexure.
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