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Abstract: This study describe the mechanical properties of fresh and hardened state hybrid steel fibre
reinforced concrete with different aspect ratio and volume fraction. Twenty one mixes included one
control mix (without fibre) were prepared and tested in the laboratory. Workability tests were
conducted to investigate the properties of the fresh concrete mixes. Meanwhile, the properties of the
hardened concrete were investigated using compressive tests, split tensile tests and flexural strength
tests. The results indicate that the hybrid steel fibre reinforced concrete (at volume fraction of 1.5%,
consisting of 70% long fibre and 30% short fibre) gave the highest value of flexural strength and split
tensile strength. On the other hand, the concrete mix containing 30% long fibres and 70% short fibres
at 1.5% volume fraction gave the highest compressive strength. It was also observed that by increasing
the percentage of fibre volume in the mix, the workability of the concrete mix will reduced.
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INTRODUCTION

Steel fibres are the widely used in the fibre reinforced concrete. Balaguru and Shah (1992) reported that
the developments of using steel fibres began in the early 1960’s. There are various types of steel fibres such
as wave cut, end large steel fibre, deformed sheet and also hooked end steel fibre. In general, hooked end steel
fibres are widely used in the fibre reinforced concrete because it has higher strengthening effect on the cement
matrix as compared with others types of steel fibres (Tadepalli et al., 2009). The common length of the steel
fibre is within the range of 13mm to 64mm and with a minimum tensile strength of 345 MPa. As stated in
ACI 544 (2008), fibre volume fraction used in producing steel fibre reinforced concrete should be within of
0.5% to 1.5% as the addition of fibre may reduce the workability of the mix and will cause balling or mat
which will be extremely difficult to separate by vibration. However higher percentage of fibre can be used with
special fibre adding techniques and also placement procedures (Lankard, 1984). According to ACI 544 (2008),
aspect ratio is referred to the ratio of fibre length over the diameter. The normal range of aspect ratio for steel
fibre is from 20 to 100. Aspect ratio of steel fibre greater than 100 is not recommended, as it will cause
inadequate workability, formation of mat in the mix and also non uniform distribution of fibre in the mix.

The effect of steel fibre on the mechanical properties of concrete is as shown in the above figure. Bayazi
(1989) stated that steel fibres increases the flexural strength, tensile, ductility and also the ability of the
concrete to withstand stresses after significant cracking. However it does not significantly increase the
compressive strength of the concrete. strengthening mechanism of fibres involves transfers of stress from matrix
to the fibre by interlocking the fibre and matrices when the fibre surface is deformed. The stress is thus shared
by the fibres and matrix in tension until the matrix cracks and then the total stress is progressively transferred
to the fibres (Gopalaratnam and Shah, 1987). When steel fibre reinforced beam or other structural element is
loaded, steel fibres in the matrix will bridge the cracks, as shown in the following figure. The bridging action
provides the steel fibre reinforced concrete with a higher ultimate tensile strength, toughness and also energy
absorption capability as compared with concrete without fibre.
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Fig. 1: Effect of steel fiber on mechanical properties of concrete (Source: Bayazi, 1989)

Fig. 2: Bridging action of steel fibre on concrete 

Mohammadi, Singh, and Kaushik (2008) stated that the combination of two different fibres which also
known as hybrid fibre in a concrete mix offer more attractive engineering properties rather than single fibre.
Benthur and Mindess (1990) also found that hybrid steel fibres with combination of short and long fibre
improved the toughness and ductility of the concrete. This is because short fibres in the mix bridge the micro
cracks which leads to a higher tensile strength of the composite. While the long fibres arrests the propagating
of macro cracks and substantially improve the toughness and ductility of the composite. This is as illustrated
in the following figure.

Fig. 3: The benefits of hybrid steel fibres in controlling cracks (Source: Bentur and Mindess, 1990)

The hybrid steel fibre can be divided into three combination (Banthia and Gupta 2004; Banthia and
Soleimani, 2005). The first type is based on the fibre constitutive response in which one of the fibres is
stronger and stiffer and which provides stiffer and reasonable first cracks strength and also ultimate strength,
while the second type of fibre is relatively flexible and leads to improved in toughness and strain capacity in
the post cracking zone. The second type of combination is based on the combination of different aspect ratio.
Short fibre bridges micro cracks, controls the growth of the cracks and also delays the coalescence in the fibre
reinforced concrete. Long fibres arrest the propagation of macro cracks and then improve the fracture toughness
of the composites. The third type is based on the fibre function. These hybrids include the combination of
micro synthetic fibres with steel fibres or micro synthetic fibres with macro synthetic fibres. In this
combination one type of fibre will improve the fresh and early properties of the mix such as workability, and
control the effect of plastic shrink cracks growth in the mix and the second type will lead to improved
mechanical properties of the mix. 

Objective of the Study:
This objective of this study is to examine the mechanical properties of hybrid steel fibre reinforced

concrete with the combination of hooked end steel fibre with different aspect ratios and volume fraction in
fresh and hardened state. The results obtained from this study are expected to contribute towards better
characterization of the mechanical properties of hybrid reinforced concrete using hooked end steel fibres.
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Experimental Works:
Twenty one mixes included one control mix (without fibre) with different aspect ratio and steel fibre

volume fraction were prepared and tested in the laboratory. Total sample prepared in the laboratory was as
shown in the following table.

Table 1: Samples of Concrete Mix
Mix Fibre Volume (%) Short Fibre (%) Long Fibre (%) Number of Samples

-----------------------------------------------------------------------------------------------
Cube (150×150×150) Beam (100×100×500) Cylinder (150×300)
--------------------------- ---------------------------- ------------------------------
7 days 28 days 7 days 28 days 7 days 28 days

NRC 0 0 0 3 3 3 3 3 3
0 100 3 3 3 3 3 3
30 70 3 3 3 3 3 3

0.5 50 50 3 3 3 3 3 3
70 30 3 3 3 3 3 3
100 0 3 3 3 3 3 3
0 100 3 3 3 3 3 3
30 70 3 3 3 3 3 3

1.0 50 50 3 3 3 3 3 3
70 30 3 3 3 3 3 3
100 0 3 3 3 3 3 3

SFRC 0 100 3 3 3 3 3 3
30 70 3 3 3 3 3 3

1.5 50 50 3 3 3 3 3 3
70 30 3 3 3 3 3 3
100 0 3 3 3 3 3 3
0 100 3 3 3 3 3 3
30 70 3 3 3 3 3 3

2.0 50 50 3 3 3 3 3 3
70 30 3 3 3 3 3 3
100 0 3 3 3 3 3 3

Total Samples 63 63 63 63 63 63
Note: NRC – Normal Reinforced Concrete, SFRC – Steel Fibre Reinforced Concrete

The control concrete mix without fibre was designed based on the “DOE” mix design method. This
method is referred as “Design of Normal Concrete Mixes’’ which is published by the British Department of
Environment. In this method the quantity of each material such as sand, cement, water and aggregate is
calculated based on the characteristics strength, workability, and also durability requirement.  The flow chart
for “DOE” method mix design is shown in the following figure.

Fig. 4: Flow chart for “DOE” method mix design procedures

The mix was designed to have a slump value between 30 mm to 60 mm at a 28-days characteristic
compressive strength of 30 MPa. The concrete mix proportion for the control mix is shown in the following
table. Workability test was performed for each mix in the fresh state. Compressive strength, flexural and tensile
strength tests were then carried out for each mixes in hardened state. For each type of concrete mixes, three
specimens were tested for its strength in the duration of 28 days.

Table 2: Concrete mix proportion for control mix 
Water/ cement ratio Coarse aggregate / cement ratio Sand/ cement ratio
0.48 2.90 1.8
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MATERIALS AND METHOD

Ordinary Portland Cements which correspond to ASTM Type 1 were used. The coarse aggregates were
crushed aggregate with nominal size of 10 mm. Sieve analysis was conducted on the coarse aggregate
following the grading limit requirement as stated in the BS 882. For the mix design the coarse aggregate were
air dried to obtain the saturated surface dry condition, this to ensure the water cement ratio is not affected.
The fine aggregate used was uncrushed sand complies with zone 2 aggregate grading requirement of BS 882.
The grading limit of fine aggregate is as shown in Table 3.

Table 3: Grading limit of fine aggregate
BS Sieve Size Percentage of Weight Passing BS Sieves

---------------------------------------------------------------------------------------------------------------------------------------------------------
Grading Zone 1 Grading Zone 2 Grading Zone 3 Grading Zone 4

10 mm 100 100 100 100
5 mm 90-100 90-100 90-100 95-100
2.36 mm 60-95 75-100 85-100 95-100
1.18 mm 30-70 55-90 75-100 90-100
600 mm 15-34 35-59 60-79 80-100
300 mm 5-20 8-30 12-40 15-50
150 mm 0-10 0-10 0-10 0-15

The fine aggregate was aired and oven dried to achieve the saturated surface dry condition for the mix
design. The percentage of fine aggregate passing through 600µm sieve is about 38%. Two different length of
hooked end STALHCON steel fibres were used in the experiment as shown in the following figure. 

Fig. 5: Hook end steel fibre

The lengths of the fibres were 30mm and 60mm and hereafters referred as short (SF) and long (LF) fibres
respectively. The fibres have an aspect ratio of 80 for long fibres and 40 for short steel fibre and a tensile
strength of approximately 1100MPa. These fibres are available in the bundle of 10 fibres which were fibrillated
with water soluble glue to ensure immediate dispersion in concrete during the mixing. The properties of steel
fibre are shown in the following table.

Table 4: Properties of hook end steel fibre
Denotes Diameter, Length, Aspect Specific Tensile Strain

D (mm) L (mm) Ratio L/D Gravity (kg/m3) Strength (Mpa) at Failure
LF 0.75 60 80 7850 1100 4%
SF 0.75 30 40 7850 1100 4%

In this experiment, the mixing of concrete was carried out using conventional mixer at the laboratory. The
mixing of the materials was done in a specific sequence. The sand and aggregates were initially dry mixed
for 2 minutes. Then, cement was added, followed by water and mixed for a period of approximately 5 minutes.
After this, fibres were added in small amount into the wet mix to avoid fibre balling. The mixture was then
mixes up for another 10 minutes to ensure all the fibres were dispersed randomly throughout the concrete thus
having a good workability. The mixing method is as shown in the following figure.

The freshly mixed concrete was placed into the mould of standard cubes of 150 mm × 150 mm × 150
mm, standard cylinders of 150 mm × 300 mm and standard beams of 100 mm ×100 mm × 500 mm for
compressive strength tests, split tensile strength tests and flexural strength tests respectively. Then there are
poured in two equal layers into the mould. Each layer was consolidated by using a vibrating table to 50 second
this to remove the air trap in the mix. At the end of 24 hours after the consolidation, the specimens were
removed from the mould and cured in water for 28 days. The workability of the hybrid steel fibre concrete
was measured using Vebe Consistometer apparatus. In this test a cone was prepared on a vibrating table and
was filled with fresh concrete. The cone was then removed and a transparent disc was lowered on the subsided
fresh concrete. Once the disc was in place, vibration was done to allow the concrete and the transparent disc
to collapse together in the mould. 
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Fig. 6: Mixing method for hybrid fibre reinforced concrete

The workability was measured by measuring the time taken for the concrete to collapse in the mould under
the action of vibration. The compressive strength was conducted on cubes of size 150 × 150 × 150 mm to
obtain the 28 days compressive strength of concrete. The load was applied at the rate of 6.8 KN/s until the
specimen failed. The compressive strength was then calculated by dividing the maximum compressive load by
the cross sectional area of the cube specimen. Flexural strength of a concrete is a measure of its ability to
resist bending. Flexural strength can be expressed in terms of ‘modulus of rupture’. Concrete specimens for
flexural strength were cross sectional area of 150mm width with 150mm depth and length of 500mm concrete
beam under four point bending test based on the procedures as stated in ASTM C1018. The test was conducted
on 600kN close loop Universal Testing Machine. The load was applied till the specimen failed. The split
tensile test was conducted according to ASTM C496 by subjecting the 150 x 300 mm concrete cylinders to
a compressive load along two opposite generators. The specimen was placed with its longitudinal axis in the
horizontal position between the two platens of compression testing machine with plywood strips sandwiched
between the platen and cylinder. The load was applied at a uniform rate of 100 kN/min till the specimen
failed.

RESULTS AND DISCUSSIONS

Workability test:
Vebe time measured on control samples and steel fibre reinforced concrete are as shown in Table 5 and

Figure 7. From the experiment conducted, it was found that when the percentage of fibre increase, the
workability reduce accordingly. The results show that shorter fibre had a better workability in the fresh mix
as compare to the long fibre. This is because by increasing the fibre aspect ratio and also the volume fraction
in the mix has cause the fibres to clamp together which restrain mixture from segregation and flow. Thus
produces a stiffer mix which has a lower workability as compared to the concrete containing of shorter fibre.

Table 5:  Workability Measurement Results
Fibre Volume Sample Type Vebe Time (s)

-------------------------------------------------------------------------------------------------------------------------------------
0 0.5 1.0 1.5 2.0

Control Mix 3.0 - - - -
0% SF + 100% LF - 4.0 6.3 9.3 13.3
30% SF + 70% LF - 3.3 5.9 8.8 13.0
50% SF + 50% LF - 3.7 6.0 8.5 12.5
70% SF + 30% LF - 3.2 5.3 7.5 10.0
100% SF + 0% LF - 3.0 4.7 6.8 8.7

Fig. 7: Results for workability test 
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Compressive Strength:
The results of compressive strength tests conducted on control mix and steel fibre concrete with different

fibre volume fractions are presented in Table 6 and Figure 8. The results shows that the there is an increase
of compressive strength up to 24% when the fibre percentage was increase up to 1.5%. However further
increase of fibre content to 2% shows slight decrease on the value of compressive strength. This is because
when the fibre volume were further increase in the mix, the concrete mix were difficult to compact due to too
many fibres in the mix. Thus increases the void in the concrete mix and therefore it decrease the compressive
strength of the concrete. The maximum increase of compressive strength was observed in fibre combination
of 70% of short fibre and 30% long fibre at 1.5% volume with the maximum increase of compressive strength
of 24% as compare with the control sample.

Table 6: Compressive Test Results
Fibre Volume Sample Type Compressive Strength (MPa)

------------------------------------------------------------------------------------------------------------------------------------------
0 0.5 1.0 1.5 2.0

Control Mix 31.6 - - - -
0% SF + 100% LF - 33 34 37 36.3
30% SF + 70% LF - 34 35.7 38.2 37.5
50% SF + 50% LF - 33.7 36 38.7 38.1
70% SF + 30% LF - 34.2 37.5 39.4 38.9
100% SF + 0% LF - 34.3 37 39 38.7

Fig. 8:  Results for compressive test

Flexural Strength:
The flexural strength test results for various mixes with aspect ratio of fibres corresponding to different

volume fractions are presented in Table 7 and Figure 9. The results shows that the fibre combination of 70%
long fibre and 30% short fibre at 1.5% volume fraction give the highest flexural strength with the maximum
increase of flexural strength of 114% as compare to the control sample. The reason for this is when the
structure were subjected to flexural loading, the shorter fibre bridge the micro cracks and prevent the expansion
of the structure and when the shorter fibre fail the longer fibre will keep bridging the cracks until its fail which
resulted in increase of the flexural strength. However further increase the fibre content to 2.% shows slight
decrease in the value of flexural  strength .This is probably due to formation of the mat in the fibre which
restrain the fibre from flow resulted in non uniform fibre distribution in the mix. On other hand, concrete mix
containing short fibre shows the lowest flexural strength as compare with the concrete mix containing long
fibre. This is because when the flexural load is applied on the concrete specimen, the short fibres were pulling
out from the matrix which resulted in the lowest flexural strength.

Table 7: Flexural Test Results
Fibre Volume Sample Type Flexural Strength (MPa)

------------------------------------------------------------------------------------------------------------------------------------------
0 0.5 1.0 1.5 2.0

Control Mix 4.1 - - - -
0% SF + 100% LF - 4.3 6.5 7.3 6.6
30% SF + 70% LF - 4.5 6.8 7.7 7.0
50% SF + 50% LF - 4.3 5.5 6.0 5.5
70% SF + 30% LF - 4.2 5.0 5.3 4.6
100% SF + 0% LF - 4.1 4.3 4.6 4.4
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Fig. 9: Results for flexure test

Split Tensile Strength:
The split tensile strength test results of fibrous concrete containing fibres of mixed aspect ratio

corresponding to different fibre volume fractions are presented in Table 8 and Figure 10. The results show that
the maximum increase in split tensile strength of 67 % was observed for concrete with fibre combination of
70% long fibre and 30% short fibre at fibre volume fraction of 1.5% as compared with the control batch. It
basically shows the same trend as flexural strength test results as the combination of different aspect ratio of
fibre has a better tensile strength compare with the single fibre reinforced concrete.

Table 7: Split Tensile Test Results
Fibre Volume Sample Type Split Tensile Strength (MPa)

------------------------------------------------------------------------------------------------------------------------------------------
0 0.5 1.0 1.5 2.0

Control Mix 3.0 - - - -
0% SF + 100% LF - 3.5 4.3 4.9 4.8
30% SF + 70% LF - 3.6 4.4 5.0 4.9
50% SF + 50% LF - 3.3 4.3 4.8 4.7
70% SF + 30% LF - 3.2 4.0 4.5 4.4
100% SF + 0% LF - 3.1 3.7 4.1 3.9

Fig. 10: Results for split tensile test

Conclusions:
An experimental programme was carried out to investigate the effect of combining hooked end steel fibre

with different volume fraction of steel fibres to characterize its properties, especially the mechanical properties
in the fresh and hardened state. The main conclusions that can be drawn are as follows:
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The Increasing percentage of fibre volume in the mix reduces the workability. The concrete mix with 2%
fibres shows that concrete was stiff and difficult to compact. In addition to this, concrete with shorter fibre
has better workability as compared to concrete with longer fibre.

Fibre combination of 70% long fibre and 30% short hooked end steel fibre at 1.5% volume fraction gives
the most appropriate combination as regards to the highest in the flexural and split tensile strength. While the
concrete mix containing of 70% short fibre and 30% long fibre at 1.5% volume fraction give the highest
compressive strength. The results reveal that longer fibre performs better in flexural and tensile strength. On
the other hand, concrete with short steel fibre performs better in compression as compared to concrete with
longer steel fibre.
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