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The strength, toughness and ductility of the High strength fiber reinforced concrete (HSFRC) is presented in this paper. 

the glass and polypropylene fibers are used in this study. The fiber volume fraction differs from 0.25 to 1.5. Single fibers and 
combined fibers in the concrete is added. From this entire study it can be understood that the hybrid fibers showed more 
strength, ductility and toughness when compared to the single fiber concrete. There was an increase of 67% in terms of ductility 
and 20% in terms of toughness in high strength hybrid fiber reinforced concrete (HSHFRC). Regression analysis is used to 
predict the strength, toughness and ductility of HSHFRC and HSFRC. The experimental and predicted results show a close 
agreement. 
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1. Introduction 

 
Concrete is a brittle material and basic 

material for any type of construction. When the 
fibers are added to the concrete, it changes its 
property from brittle to a ductile [1].  Like this the 
behaviour concrete is been changed, by adding 
different material and to enhance the property of 
the concrete. As we all know concrete is good in 
compression and weak in tension. To enhance the 
tensile and flexural strength of concrete, fibers are 
added to it. Addition of Single fibers and multiple 
fibers to concrete are in practice. There are many 
factors, which influences the property of the fiber 
reinforced concrete. Like fiber distribution, aspect 
ratio, volume fraction, type of fiber etc. To analyze 
the properties of concrete in real time application, 
the prediction modeling increases the effectiveness 
and accuracy of those concrete [2]. With the help of 
input parameters in prediction modeling, the 
strength parameter of the concrete can be 
identified.  The accuracy in a fiber reinforced 
concrete will be due to the fiber properties. 

A mathematical equation can be developed 
to predict the behavior of a system to represent the 
real time application. The regression analysis is one 
type of analysis to create the mathematical 
equation using the statistical method.  Data can be 
compared between experimental data and real time 
data and their difference can be identified. The 
values from compressive strength, split tensile 
strength and flexural strength can be taken as 
dependent variable. The volume fraction of the 
fibers used, may be single or hybrid fibers, can be 
taken as independent variable. Getting the 
prediction about dependent variable can be 
obtained by using the independent variables. [3] 

In these study two fibers namely 

 (polypropylene and glass) are hybridized [4] 
together in concrete to determine the strength 
properties. The engineering properties of single 
and hybrid fibers are identified. Many researches 
have proved that the hybrid fiber reinforced 
concrete increased the strength and toughness of 
the concrete. If two fibers are added to the 
concrete, the optimal utilization of potentiality of 
both fibers happens in the concrete.  The 
compressive strength of glass fiber with volume 
fraction of 0.25%, 0.5%,1%,1.5% and 
polypropylene fiber with volume fraction of  0.25%, 
0.5%,1%,1.5% and hybrid fibers of H1 (G 0.2% PP 
0.8%),H2 (G 0.8% PP 0.2%), H3 (G 0.5%PP 
0.5%), H4 (G 0.3% PP 0.7%), H5(G 0.7% PP 
0.3%)were calculated.  The main objective of this 
paper to determine the mechanical properties of 
M60 high strength hybrid fiber reinforced concrete 
and to their comparison with predicted vales 
through regression analysis[5]. 

 
2.Experimental programs 
2.1 Material 

The high strength hybrid fiber reinforced 
concrete is made with material like ordinary 
Portland cement of 53 grade, fine aggregate of 
Msand, 10mm size of coarse aggregate with 
specific gravity of 2.64, silica fume from ELKEM 
materials to act as a filler material in concrete, 
water reducing admixture of Tec mix 640, and 
fibers. The fibers used in this project are 
polypropylene fiber [6] of 12mm length and 13 
micron m diameter, and glass fiber [7] of 12mm 
length and 13 micron meter diameter [8]. The 
properties of the fibers were taken from the 
manufacturer.  For all the mechanical tests the fiber 
proportions are taken to be same with respect to its 
volume fraction [5]. 
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Table 1 
Details of specimens 

 
 
 

Table 2 
M60 grade concrete mix ratio 

Cement (PPC) 
kg/m3 

Silica fume 
kg/m3 

Fine aggregate 
kg/m3 

Coarse aggregate 
kg/m3 

Chemical 
admixture 
kg/m3 

Water/cement ratio % 

485 25 770.7 1022 5.098 0.3 

 
Table 3 

Parameters from regression analysis 
S. No. Strength Test Regression equation for hybrid concrete R2 value 
1 Compressive strength Y = (4.4909 Vg) - (5.35 Vp) + 79.432  0.6012 

2 Split tensile strength Y = (-14.762 Vg)+ (18.454  Vp) + 4.911  0.9925 

3 Modulus of rupture Y = (-10.85 Vg) + (13.581  Vp) + 9.8662  0.9703 

4 Displacement ductility Y = (-0.2708 Vg) + (1.2412 Vp) + 4.3298  0.9822 

 
 

2.2 Specimen preparation and test description 
The concrete specimens were made 

according to the IS standard, for each and every 
tests. The details the specimens are given in Table 
1. 

All the specimens were made with the help 
of moulds. The fibers will be added in batch during 
mixing to avoid balling effect in the concrete [9].  
The water reducing admixture (super plasticizer) is 
added to the concrete to reduce the amount of 
water /cement ratio. After 24hrs, the specimens 
were demoulded and cured for 28 days in water. 
The tests for all the specimens were carried out for 
7 days, 14 days and 28 days [10].  Universal 
testing machine was used to test all the 
characteristics of concrete. 
 
2.3 Mix proportion 

After many trial and errors, the mix 
proportions of the materials in M60 grade of 
concrete was obtained. The mix ratio is given in 
Table 2. 

 
3. Results and discussion 
3.1 Regression analysis 

The equations were generatedusing the 
regression analysis from MSexcel. Using the 
independent variable, the dependent variables 
were calculated.  This analysis is used to predict 
the study parameters [11]. With 96% of confidence 
the coefficients of regression analysis is calculate 

 and compared. 4% error allowed. The equation of 
regression analysis will be like the Equ (1). For all 
the tests the parameters A,B,C and D vary 
according to the input value. The Y is the output 
value or the predicted value from all tests. The R2 
value is the coefficient of determination. It is taken 
as root of the mean squared vale of error. The 
accuracy of all the results were optimized by the 
R2 value. The R2 value is calculated as the 
following Equ (2). 
Y = A+ (B* Vf) + (C* Vp) + (D*Vg)   (1) 

R2 = 1 - (
Ʃ (  )

Ʃ  (  )
) (2) 

The equations that are obtained by the 
regression analysis with their coefficients are 
shown in Table 3. With the help of these results 
the predicted values of various tests are obtained. 
The experimental values were compared with the 
predicted results from regression analysis as 
shown in Table 4, 5, 6. 

 

3.2 Compressive strength test 
Three different combinations of fibers are 

used in this study [13]. Therefore the regression 
equation for compressive strength will be analyzed 
for all the three different combinations of specimen 
separately. The equations 3, 4,5 are given with 
their respective R2 value. The experimental results 
and predicted values are displayed in Table 4. The 
experimental values of 7, 14, 28 days specimen 
under compressive strength test shown in Fig 1 

Properties Tested Size in mm Number of specimens  

Cube Compressive strength 150x150x150 3 

Split Tensile strength 300x150 3 

Modulus of Rupture [Prism] 500x100x100 3 

Toughness index [prism] 500x100x100 3 
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Table 4 
Compressive strength test results 

Fibers Mix ratio 
% of 
glass 
fiber 

% of 
polypropylene 

fiber 

Compressive Strength (MPa) Predicted 
value for 28 

days strength 
(MPa) 7 Day 14 Day 28 Day 

Average Average Average 

 
Glass (%) 

0 - - 35.5 39.5 67 66.26 

0.25 0.25 - 40.3 48.2 69.4 70.07 

0.5 0.5 - 48.2 53.6 71.3 72.25 

1 1 - 47.3 57.2 73.1 71.72 

1.5 1.5 - 42 43.5 64.2 64.68 

Polypropylene (%) 

0 - - 35.5 39.5 67 69.93 

0.25 - 0.25 43.5 45.6 73.4 72.79 

0.5 - 0.5 47.1 47.8 75.8 75.03 

1 - 1 51.3 53.4 76.5 77.64 

1.5 - 1.5 53.8 52 78.2 77.79 

Hybrid 

H1 0.2 0.8 42 49.2 79.2 78.37 

H2 0.8 0.2 45.7 53.4 76.4 77.87 

H3 0.5 0.5 51.7 61.7 79.2 78.57 

H4 0.7 0.3 48.9 58.3 80.3 79.76 

H5 0.2 0.8 50.9 50.7 81 81.51 
 

 
Table 5 

Split tensile strength test results 

Fibers Mix ratio 
% of 
glass 
fiber 

% of 
polypropylene 

fiber 

Split tensile Strength (MPa) 
Predicted value 
for 28 days 
strength 

7 Day 14 Day 28 Day (MPa) 

Average Average Average 

 
Glass (%) 

0 - - 0.9 3.1 4.3 4.40 

0.25 0.25 - 2.5 4.7 5.9 5.78 

0.5 0.5 - 3.4 5.6 6.8 6.73 

1 1 - 3.8 6 7.2 7.35 

1.5 1.5 - 2.9 5.1 6.3 6.25 

Polypropylene (%) 

0 - - 0.9 3.1 4.3 4.40 

0.25 - 0.25 3.5 5.7 6.9 6.85 

0.5 - 0.5 4.8 10.4 11.6 8.29 

1 - 1 7.1 9.3 10.5 10.44 

1.5 - 1.5 3.9 5.6 8.3 11.62 

Hybrid 

H1 0.2 0.8 4.2 6.4 7.6 8.01 

H2 0.8 0.2 8.4 10.6 11.8 10.23 

H3 0.5 0.5 4 8.1 9.3 10.45 

H4 0.7 0.3 5.9 9.2 11.9 9.12 

H5 0.2 0.8 
4.4 

6.6 7.8 10.60 
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Table 6 
Modulus of rupture test results 

Fibers Mix ratio 
% of 
glass 
fiber 

% of 
polypropylene 

fiber 

Flexural Strength (MPa) 
Predicted value 
for 28 days 
strength (MPa) 

7 Day 14 Day 28 Day 

Average Average Average 

 
Glass (%) 

0 - - 2.1 5.2 7.3 7.1 

0.25 0.25 - 4.2 6.2 9.6 9.8 

0.5 0.5 - 0.5 7.2 11.4 11.6 

1 1 - 5.4 6.3 12.9 12.6 

1.5 1.5 - 3.9 6.1 10.2 10.3 

Polypropylene (%) 

0 - - 2.1 5.2 7.3 7.1 

0.25 - 0.25 2.9 8.1 9.63 9.33 

0.5 - 0.5 3.4 8.3 11.3 11.85 

1 - 1 3.5 9.6 13.8 13.43 

1.5 - 1.5 4.2 7.3 10.3 10.40 

Hybrid 

H1 0.2 0.8 4.3 8 12.4 12.14 

H2 0.8 0.2 3.5 8.1 12.3 13.78 

H3 0.5 0.5 5.2 9.5 14.1 13.94 

H4 0.7 0.3 4.2 7.2 14.9 12.96 

H5 0.2 0.8 
3.9 

7 13.2 
14.05 

 

 

 
Fig 1 - Compressive strength test results. 

 

 
For glass fiber,  
y = (-13.032 Vf2) + (18.497 Vf)+ 66.262 (3)                                          
R² = 0.8732 
For polypropylene,  
y = (-4.9518 Vf2) + (12.665 Vf) + 69.936 (4) 
R² = 0.9693 
For hybrid,  
y= (4.4909 Vg) - (5.35 Vp) + 79.432 (5) 
R² = 0.6012 

 3.3 Split tensile strength test 
The high strength fiber reinforced concrete 

cylinder specimens were casted and tested for 
split tensile strength [12,13]. The regression 
analysis has been done for all three categories of 
specimen and each category of fibrous specimen 
gave the Equ 6, 7, 8. The experimental results and 
predicted values are displayed in Table 5. The 
experimental values of 7, 14, 28 days specimen 
under split tensile strength test is shown in Fig 2. 
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Fig .2- Split tensile strength test results. 

 

 
Fig 3 - Modulus of rupture test results. 

 

For glass fiber,  
y =(-3.4303 Vf2)+(6.377 x Vf)+4.399)(6) 
R² = 0.967 
For polypropylene fiber,   
y =( -1.9417 Vf2) +( 7.2111 x Vf) + 5.1704(7) 
R² = 0.9823 
For hybrid fiber,  
y = (-14.762 Vg)+ (18.454 x Vp) + 4.911 (8) 
R² = 0.9925 
 
3.4 Modulus of rupture test 

The prism specimens of size (100 x 100x 
500) mm are tested under four point loading and 
gave the results as displayed in table 6. Through 
regression analysis the equations 9, 10, 11 the 
predicted values are also displayed in that same 
table. The experimental values of 7, 14, 28 days 
specimen under flexural strength test shown in Fig 
3. 
For glass fiber,  
y = (-6.7565Vf2) + (12.244x Vf) + 7.135(9) 
R² = 0.8806 
For polypropylene fiber,  
y = (-9.2044Vf2) + (16.967x Vf) + 5.6691(10) 
R² = 0.9062 

 For hybrid fiber,  
y = (-10.85Vg) + (13.581x Vp) + 9.8662 (11) 
R² = 0.9703 
 
3.5 Toughness index  

The ability of the concrete to absorb 
energy during loading and ability to resist crack 
during loading. The specimen of size (100 x100 x 
500) mm of specimen is tested under four point 
bending testing machine [14]. The equation for 
calculating the toughness index and Displacement 
ductility is given in Equ 12 and 13 respectively. 
Using dial gauge of 0.01mm precision the 
deflection in the specimen during loading is 
calculated. Fig 4 shows the area calculated for 
toughness. A1 is the area under first crack load 
and A2 is the area under ultimate load. The 
Table.7 shows the displacement ductility and 
toughness index values of all the hybrid specimen. 
The regression equation [15] used for 
displacement ductility and toughness index is 
shown in Equ 14 and 15 respectively. 

 

Toughness index = 
     

    
     (12) 
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Table 7 
Toughness of the material graph 

Fibers Mix 
% of G 
fiber 

% of PP 
fiber 

Displacement ductility Toughness index 

Experimental value Predicted value 
Experimental 

value 
Predicted 

value 

CC 0 - - 3.21 3.57 1.10 1.359 

Hybrid 

H1 0.2 0.8 5.38 4.36 3.71 4.09 

H2 0.8 0.2 5.48 5.26 6.39 7.66 

H3 0.5 0.5 4.63 5.2686 5.18 5.88 

H4 0.3 0.7 5.87 5.11 4.29 4.69 

H5 0.7 0.3 4.88 4.51 5.49 7.07 
 
 

 

Fig.4 - Toughness index of concrete. 
 

Displacement Ductility = 
  

  
     (13) 

For Displacement ductility calculation, the 
regression equation obtained is,  
y = (-0.2708 Vg) + (1.2412Vp) + 4.3298         (14) 
R² = 0.8126 
For Toughness index calculation, the regression 
equation obtained is,  
y =(0.9Vg) - (5.0551Vp) + 7.9546                  (15) 
R² = 0.9822 
 

4.Conclusion 
Based on the experiments and 

investigation, the following conclusions are made, 
 The characteristic strength of concrete 

without fiber showed less value than the 
concrete with fibers. 

 The HSC increased the structural integrity 
of the concrete. 

 Therese was 20% increase in toughness 
index of H4 hybrid fiber concrete than the 
normal HSC concrete. There was 67%  

 increase in displacement ductility of the H2 
concrete than the normal concrete 

 The R2 value was between 0.7 and 0.9, 
using statistical tools. The predictive 
values using regression analysis were 
almost equal to the experimental values. 

 The split tensile test and modulus of 
rupture showed almost similar regression 
values. 

 The properties of the fiber highly 
contributed for the prediction values. 
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