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Abstract: The effect of fibre content on the Strength and ductility behaviour of hybrid fibre 

reinforced concrete (HFRC) beams having different fibre volume fractions was 
investigated. The parameters of this investigation included service load, ultimate load, 
service load deflection, ultimate load deflection, crack width, deflection ductility and 
energy ductility. The fibre volume fraction (Vf) ranged from 0.0 to 2.0 percent. Steel 
and polyolefin fibres were combined in different proportions and their impact on the 
above parameters was studied. The ductile response of hybrid fibre reinforced concrete 
beams was compared with that of control beam. The test results show that addition of 
2.0 percent by volume of hybrid fibres improve the strength and ductility appreciably. 
Empirical expressions for predicting the strength and ductility of hybrid fibre 
reinforced concrete (HFRC) are proposed based on regression analysis. A close 
agreement has been obtained between the predicted and experimental results.  
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INTRODUCTION 

Plain concrete is a brittle material with low tensile 
strength and poor fracture toughness. The tensile 
strength of concrete is very low because plain concrete 
normally contains numerous micro-cracks. Addition of 
fibres to concrete transforms it from a brittle to a more 
ductile material (ACI Committee (544), 1989; Qureshi 
et al., 2013. 

Fibre reinforced concrete specimens, unlike that of 
their counterparts, which fail at the point of ultimate 
flexural strength or the first crack, do not fail 
immediately after the initiation of the first crack. After 
the first crack, the load is transferred from the concrete 
matrix to the fibres (Banthia & Nandakuma, 2003; 
Hameed et al., 2010). For an optimal response, different 
types of fibres may be suitably combined to produce 
hybrid fibre reinforced concrete (HFRC). This research 
work focuses on the polyolefin – steel hybrid fibre 
reinforced system. In this system, steel fibre, which is 
stronger and stiffer, improves the first crack stress and 
ultimate strength, while polyolefin fibre, which is more 
flexible and ductile, leads to improved strain capacity 
and toughness in the post-cracking zone (Ramakrishnan, 
2000; Blunt & Ostertag, 2009). Such improvements are 
made possible by the ability of fibres to modify the 
failure mechanisms of the composite material. These 
improvements depend on the type, aspect ratio and 
volume fraction of fibres as well as the quality of 
concrete mix (Shah, 1987).  

Most of the fibre reinforced concrete used today 
involves the use of a single fibre type. It has been shown 
recently that the hybrid composite can offer more 
attractive engineering properties because the presence of 
one fibre enables more efficient utilization of the 
potential properties of the other fibre (Banthia & 
Soleimani, 2005; Yao et al., 2002). Information available 
on the strength and ductility of hybrid fibre reinforced 
concrete beams is still limited. Hence an attempt has been 
made to study the strength and ductility of hybrid fibre 
reinforced concrete (HFRC) beams.  
 
RESEARCH SIGNIFICANCE 

The present research investigation is intended to address 
three major concerns. The first is to explore the 
possibility of using hybrid fibres system for improved 
performance of reinforced concrete beams. The second 
is to examine the enhancement in flexural capacity of 
hybrid fibre reinforced concrete beams. The third is to 
evaluate the ductility of the hybrid fibre reinforced 
concrete beams. 
 

EXPERIMENTAL PROGRAMME 
 

Specimen details 

A total of seventeen beams were tested in flexure. The 
test programme was designed to study the strength and 

ductility of fibre reinforced concrete beams with and 
without fibres. All the beams were rectangular in cross-
section. They were 150 mm wide, 250 mm deep and the  
overall length was 3000 mm. Table 1 shows the details 
of the specimens used for testing.  
 

Material Properties 

Cement concrete having cube compressive strength 
of 26.65 MPa was used for casting the specimens. 2 
nos. of 12 mm diameter HYSD bars were used as 
longitudinal reinforcement. 8mm diameter 2-legged 
stirrups at 120 mm c/c were used as shear 
reinforcement. Table 2 shows the properties of 
fibres used in the experimental work. 
 
TESTING OF BEAMS 

All the beams were tested under four point- bending in a 
loading frame of 500 kN capacity. The beams had 100 
mm bearing on both ends, resulting in a test span of 
2800 mm. Two point loads through a spreader beam 
were applied. The deflections were measured at mid 
span and load points using mechanical dial gauges of 
  
 

Table 1. Details of tested beams 

Beam 
designation 

Fibre content 
Vf  (%) 

Type of fibre 

 Polyolefin Steel 
H0  – P0 S0 0 0 0 
H0.5 – P0 S100 0.5 0 100 
H0.5 – P20 S80 0.5 20 80 
H0.5 – P30 S70 0.5 30 70 
H0.5 – P40 S60 0.5 40 60 
H1 – P0 S100 1.0 0 100 
H1 – P20 S80 1.0 20 80 
H1 – P30 S70 1.0 30 70 
H1 – P40 S60 1.0 40 60 
H1.5 – P0 S100 1.5 0 100 
H1.5 – P20 S80 1.5 20 80 
H1.5 – P30 S70 1.5 30 70 
H1.5 – P40 S60 1.5 40 60 
H2 – P0 S100 2.0 0 100 
H2 – P20 S80 2.0 20 80 
H2 – P30 S70 2.0 30 70 
H2 – P40 S60 2.0 40 60 
         H0 – P0 S0: Reference beam 

 
Table 2. Properties of fibres 

Fibre  
properties 

Fibre details  
Polyolefin Steel 

Length (mm) 48 30 

Shape 

 
Straight  

Hooked  
ends 

 
Size/Diameter (mm)  1.22×0.732 0.5  
Aspect Ratio 39.34 60 
Density (kg/m3) 920 7850 
Young’s Modulus (GPa) 6 210 
Tensile strength (MPa) 550 532 
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Fig. 1 Test setup and instrumentation. 
 
0.01 mm accuracy. Two dial gauges were mounted on 
the compression face of the specimen over supports to 
measure slope at both ends. 

The deflection at ultimate load level was also 
measured using a specially designed mechanical 
dial gauge. The surface strains at extreme fibres 
were measured using a Demec gauge. The crack 
widths were measured using a crack detection 
microscope with a least count of 0.02 mm. Crack 
development and propagation was monitored 
during the process of testing. All the above 
measurements were taken at different load levels 
until failure. The details of instrumentation are 
shown in Fig. 1. 
 
MULTIVARIATE LINEAR REGRESSION 

Multivariate linear regression involves more than one 
independent variable to predict the value of the 
dependent variable. The basic formulation of 
multivariate linear regression equation is: 
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where, naa 0  are the coefficients to be determined, 

nxx 1   are the independent variables, P is the 
dependent variable or the actual result value for the set 
of ith input data and K is the number data sets available 
for regression. On executing the partial derivative 
operators, equation 1 reduces to: 
 

∑
i= 1

K

1 x1i x 2i x3i ⋯ x ni

x 1i x1i
2 x1i x2i x1i x 3i ⋯ x1i xni

x 2i x2i x1i x 2i
2 x2i x 3i ⋯ x2i xni

x 3i x 3i x1i x3i x2i x3i
2 ⋯ x3i xni

⋯ ⋯ ⋯ ⋯ ⋯ ⋯
x ni xni x 1i xni x2i x ni x3i ⋯ x ni xni

{
a0

a1

a2

a3

⋯
an

} = ∑
i= 1

K {
Pi

P1 Pi

P2 Pi

P3 Pi

⋯
Pn Pi

}       (2) 

 
The above equation can be solved by summing up 

the values of independent and dependent variables after 
carrying out the required operations.  
 
RESULTS AND DISCUSSION 
 
Effect on Strength 

The principal test results are presented in Table 3. The 
loads carried by all the test beams at service stage and at 
ultimate stage were obtained experimentally. It can be 
inferred from the test results furnished in Table 3 that 
the load carrying capacity increases with increase in 
fibre content. The increase in service and ultimate load 
was found to be 74% and with 2.0% fibre content when 
compared to the reference beam and 51% when 
compared with specimens consisting of 100% steel 
fibres. 
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Table 3 Data used in regression analysis for tested beams
 

Beam specification 
Service stage Ultimate stage 

  
Service 

load 
(kN) 

Mid span 
deflection 

(mm) 

Crack width 
(mm) 

Ultimate 
load 
(kN) 

Mid span 
deflection 

(mm) 

Crack width 
(mm) 

 
H0    – P0 S0 27.79 5.65 0.14 41.69 30 0.58 

H0.5 – P0 S100 33.25 8.25 0.12 49.87 56 0.28 
H0.5 – P20 S80 34.33 9.31 0.11 51.50 62 0.30 
H0.5 – P30 S70 35.43 10.10 0.12 53.14 71 0.29 
H0.5 – P40 S60 37.06 11.82 0..11 55.59 80 0.29 
H1    – P0 S100 35.20 9.37 0.12 52.80 59 0.27 
H1    – P20 S80 35.43 9.58 0.12 53.14 66 0.30 
H1    – P30 S70 36.60 10.12 0.11 54.90 72 0.30 
H1    – P40 S60 37.60 11.98 0.11 56.40 84 0.31 
H1.5 – P0 S100 35.97 9.12 0.09 53.95 65 0.26 
H1.5 – P20 S80 36.20 9.91 0.11 54.30 70 0.30 
H1.5 – P30 S70 36.64 10.36 0.11 54.96 78 0.30 
H1.5 – P40 S60 39.30 12.14 0.12 58.95 90 0.31 
H2    – P0 S100 41.97 9.48 0.08 62.95 71 0.25 
H2    – P20 S80 42.15 10.48 0..09 63.22 78 0.29 
H2    – P30 S70 47.41 10.68 0.10 71.11 86 0.30 
H2    – P40 S60 48.36 13.19 0.11 72.96 98 0.31 

 
Effect on Deformation 

The deflections at different load levels of the test beams 
are presented in Table 4. The deflection characteristics 
of the reinforced concrete beams improved much with 
the addition of fibres. These influences were more 
pronounced for reinforced concrete beams with hybrid 
fibres. The increase in service load deflection and 
ultimate load deflection was found to be 133.45%, and 
226.67% respectively with 2% hybrid fibre content 
when compared to the reference beam and 67.78% and 
136.67% when compared with specimens consisting of 
100% steel fibres. 
 
Effect on Crack Width 

The reduction in crack width was found to be 42.85% 
and 56.90% respectively at service and at ultimate load 
level with 2% steel fibres when compared to the 
reference beam. The reduction in crack width was found 
to be 35.71% and 50% respectively at service and at 
ultimate load level with 2% hybrid fibres when 
compared to the reference beam.  
 
Effect on Ductility 

Ductility of a beam is its ability to sustain inelastic 
deformation without any loss in its load carrying, prior 
to failure (You et al., 2011; Soroushian et al., 1993). 
Ductility can be expressed in terms of deformation or 
energy. The deformation can be deflection, strain or 
curvature. It can be inferred from the results presented 
in Table 4 that the hybrid fibre reinforced concrete 
beams exhibit enhanced ductility than that of the 
reference beam. 

The increase in deflection and energy ductility was 
found to be 73.5% and 191.34% respectively with 2.0% 

hybrid fibre content when compared to the reference 
beam and 9.26% & 35.79% when compared with 
specimens consisting of 100% steel fibres. The 
enhancement in deflection and energy ductility for 
beams with and without fibres are shown in Figs 23. 

 

Regression Modelling 

The regression equations have been proposed for 
predicting the study parameters. The data used for 
regression analysis are presented in Table 5. 
Predictions from the regression equations were 
compared against experimental results. It has been 
found that the multivariate linear regression can make a 
reasonable estimate on the prediction values for service 
load, ultimate load, service deflection, ultimate 
deflection, crack widths, deflection ductility and energy 
ductility.  A close agreement has been obtained 
between the predicted and experimental results. 
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Fig. 2 Deflection ductility for beams with and without fibres. 
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Table 5. Regression equations for tested beams. 

Parameter Equation Fitness 
RMS 
Error 

    Service Load (kN) spf VVV 64.21305.55290.71767.29   0.81 2.15 

Service Load 
Deflection (mm) 

spf VVV 79.8482.56594.5854.8   0.60 1.05 

Crack Width at service 
load (mm) 

spf VVV 54.042.272.113.0   0.71 0.007 

Ultimate Load (kN) 
L

aeh
ehb

aeh
ehb

a
dfAxP ptysn /

222
)(

222
)(

2
6 














 






 






   where 

bepp
p

p f
d

l
p  0568.0  

0.81 3.25 

Ultimate Load 
Deflection (mm) 

spf VVV 49.2671.408214.73264.52   0.73 7.78 

Crack Width at 
Ultimate load (mm) 

spf VVV 19.1301.2082.2038.0   0.32 0.06 

Deflection Ductility spf VVV 63.726.12658.2849.4   0.60 0.37 

Energy Ductility spf VVV 06.233.3771.832.1   0.61 0.11 

Deflection Ductility 
Ratio 

spf VVV 60.29012.91630.15993.8   0.78 1.18 

Energy Ductility ratio spf VVV 56.5341.16823.2965.1   0.78 0.218 
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Fig.3 Energy ductility for beams with and without fibres. 

 
 
CONCLUSIONS 
 
(a) A hybrid fibre volume fraction of 2.0% with 40-60 

Polyolefin-Steel combine significantly improves 
the overall performance of reinforced concrete 
beams. 

 
Table 4. Ductility ratios of hybrid fibre reinforced concrete beams. 

Beam   
specification 

Deflection 
ductility 

Deflection 
ductility 

ratio 

Energy 
ductility 

Energy 
ductility 

ratio 
     H0    – P0 S0 3.40 1.00 5.43 1.00 

H0.5 – P0 S100 4.63 1.36 8.14 1.50 
H0.5 – P20 S80 5.05 1.48 10.43 1.92 
H0.5 – P30 S70 5.21 1.53 12.47 2.30 
H0.5 – P40 S60 5.57 1.64 12.50 2.30 
H1    – P0 S100 4.80 1.41 10.16 1.87 
H1    – P20 S80 5.06 1.49 10.74 1.98 
H1    – P30 S70 5.25 1.54 13.13 2.42 
H1    – P40 S60 5.80 1.70 14.17 2.61 
H1.5 – P0 S100 4.95 1.45 11.22 2.07 
H1.5 – P20 S80 5.20 1.53 12.48 2.30 
H1.5 – P30 S70 5.28 1.55 13.34 2.46 
H1.5 – P40 S60 5.87 1.73 14.31 2.64 
H2    – P0 S100 5.40 1.59 11.65 2.15 
H2    – P20 S80 5.70 1.68 13.85 2.55 
H2    – P30 S70 5.75 1.69 14.92 2.75 
H2    – P40 S60 5.90 1.74 15.82 2.91 

 
 

(b) An overall evaluation of the flexural test results 
indicates that hybrid fibre reinforced concrete 
exhibit higher load carrying capacity and 
deformation capacity. The increase in ultimate load 
was found to be 75% when compared to the 
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reference beam and 51% when compared to 
specimens consisting of 100% steel fibres. The 
increase in ultimate deflection was found to be 3.27 
times than that of reference beam and 1.38 times 
than that of specimens consisting of 100% steel 
fibres. 

(c) The fibre reinforced concrete beams exhibit more 
number of cracks with lesser widths at all load 
levels when compared to the reference beam. The 
maximum reduction in crack width at ultimate load 
level was found to be 56.90% when compared to 
the reference beam and 50% when compared to 
specimens consisting of 100% steel fibres. 

(d) The HFRC beams exhibit enhanced ductility than 
the reference beam. The increase in deflection and 
energy ductility was found to be 1.74 & 2.91times 
than that of reference beam and 1.09 & 2.15 times 
than that of specimens consisting of 100% steel 
fibres.  

(e) Regression equations for predicting the strength 
and ductility of hybrid fibre reinforced concrete are 
proposed. A close agreement has been obtained 
between the predicted and experimental results. 
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