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Steel fibre reinforced concrete (SFRC) is produced by mixing discreet steel fibres 
with certain aspect ratio in concrete.  By this, the strengths of concrete particularly in 
tension and flexure are increased.  Vast amount of research work has been carried out 
on FRC Composites.  By using duel fibres like steel and glass, mixed fibre reinforced 
concrete (MFRC), can be produced to have more impermeable and ductile concrete. 
In the present experimental investigation, steel and glass fibres of fixed aspect ratio 
are mixed randomly in concrete at varying percentages to produce various 
combinations of MFRC.  Tests were conducted for compression, and flexure. Based 
on the investigation, it was established that the compressive strength and flexural 
behavior of concrete are very much improved by employing mixed fibre.  
  
KEYWORDS: mixed fiber, monofilament, alkali resistant, flexural deflection, 
cracking. 
 

INTRODUCTION  
 

Plain Concrete is a strong and tough material possessing strength and durability 
properties. Concrete is brittle and its tensile strength is low.  In RCC construction 
steel reinforcing bars are used in concrete to carry the loads and the resulting tensile 
and flexural stresses safely, to make concrete alround superior and to use it for special 
applications, Fibre Reinforced Concrete (FRC) has been developed. 
Use of Fiber Reinforcement:. Researchers have developed FRC by employing 
various types of fibres. Metallic fibres like steel are mostly used in FRC to obtain 
superior properties.  Non metallic fibres like glass, polypropylene, asbestos, polyester, 
etc, were also tried in FRC.  As a result of using fibres in concrete, FRC composites 
have been developed world wide and have become popular for various uses. 
Mixed Fibre Concrete (MFRC): By using duel fibres like steel and glass mixed 
fibre reinforced concrete (MFRC) is developed.  The physical and elastic properties of 
the two chosen fibres in MFRC are different.  By selecting the fibres judiciously, 
optimum MFRC can be produced where each fibre would contribute beneficially on 
its own. 
Brief Review 
The American concrete Institute (ACI) (2006) has given the guidelines for the use of 
silica fume in concrete. The ACI(2009) has given the details on the preparation of 
fibre reinforced concrete(FRC). The details about the characteristics of fibres, mixing 
etc. were discussed . The ACI(1998 and 2009) described the guide lines to be 
followed  in the production of FRC. Mix proportioning details are given. The design 
guidelines are also discussed. As per ACI(2009)the details of the physical properties, 
durability requirements of FRC are available. ACI(2010) discussed the details of glass 
fibre reinforced concrete(GFRC). The normal size and aspect ratio of glass fibres, 
percentage of fibre, the properties of GFRC etc. were discussed. Mujumdan A and 
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laws ,V(1991) discussed to use of glass fibre in cement mortor. The properties like 
strength, prevention of shrinkage cracks are discussed. Siva kumar and santhanam 
(2007) produced GFRC and discussed the properties. Various other authors such as 
Banthia,N.etal (2003) discussed the use of fibre and the resulting proportions in 
cement and concrete composites. Ravichandran etal(2008) gave the details of fibre 
reinforced high strength concrete. Hybrid fibre was used in the experimentation. The 
enhanced mechanical proportions of the concrete composite were discussed.  
 

MATERIALS AND METHODS 
In the present experimental investigation, mixed fiber reinforced concrete (MFRC) is 
prepared using duel fibres (steel and glass) in varying percentages and combinations, 
M25 concrete is taken as the reference mix.  The strength properties in compression 
and flexure are studied.  The relative influences of the fibres on strength of concrete 
and the advantages of mixed fibre reinforced concrete are highlighted. The following 
materials were used in the experimentation:  
1.Cement. OPC of 53 grades having specific of 3.15 was used.  
2.Coarse aggregate. Machine crushed well graded angular aggregate of nominal size 
20 mm from local source are used.  The specific gravity was 2.84.  It was free from 
impurities such as dust, clay and organic matter.  
3.Fine aggregate: River sand locally available is used.  The specific gravity was 2.47. 
4.Glass fiber: Cem – Fil ARC 14 306 HD glass fiber is used.  The properties are 
shown in Table 1. 

Table 1. Properties of Glass Fiber Cem – Fil ARC 14 306 HD 
 

Fibres 
Density 
(t/m3) 

Elastic 
Modulus 

(GPa) 

Tensile 
strength 
(MPa) 

Length 
(mm) 

AR–Glass 2.6 73 1700 12 
 
Steel Fiber: Monofilament Steel fiber of 1 mm diameter & aspect ratio 55 is used. 
Water:  Locally available potable water is used. 
Concrete Mix: M25 grade of concrete and quantities used per cubic meter are shown 

in Table 2.   
 

Table 2. Materials required for 1 Cubic meter of concrete  
Grade Cement (kg) Fine aggregate (kg) Coarse aggregate (kg) Water/Cement ratio 
M25 400 640 1200 0.5 
 
The water/cement ratio has been fixed depending upon the compaction factor test, 
keeping medium workability.  The mix was designed as per I.S. Code IS10262,(2009)   
 

Mixing – Casting – Testing: As per I.S specifications, the concrete is carefully 
mixed by uniformly sprinkling dual fiber in a pan mixer.  The mix was cast in moulds. 
For each percentage of fiber sufficient number of cubes, and flexural beams were cast 
as per I.S. Specifications for testing at the curing age of 28 days.  The tests were 
conducted for compression, and flexure on the specimens using standard procedures. 
 

RESULTS AND DISCUSSIONS 
 

Presentation of The Results: The compressive strength results are presented by 
means of bar charts (Figures 1 & 2). All the strength results are presented in Tables 3 
and 4. The load-defections relations are plotted in Figures 3 and 4. 
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Workability of MFRC :  Workability for 0.5 percentage it is 0.85 compared to 0.9 
compaction factor for plain concrete mixes.  The water Cement ratio is taken 0.5. 
Higher percentages of fiber beyond 0.5 percentages and up to 1.5 percentages require 
super plasticizer.  At 2% fiber content balling occurs and mix will not be in a 
workable condition with a W/C ratio of 0.5.Hence 2% was not adopted. 
The replacement of Steel fiber with Glass fiber by 0, 25, 50 and 100 percentages form 
total fiber content of 0.5, 0.75, 1.0 and 1.5 by volume, the workability was affected 
marginally.  In the present investigation, the total fibre content was kept below 1.5%. 
Compressive Strength: There was observed that with the increase of fiber 
percentage, the compressive strength was increased with age (Table 3, Fig. 1 and 2).  
At the age of 28 days with 1.5% fiber, the compressive strength was 46.21% in excess 
over the strength of reference mix. As the percentage replacement of steel fiber by 
glass fiber was increased, the compressive strength decreased, but on the overall, it 
was found to be more than that of reference concrete (Table 3).  
 

Table 3. Compressive strength results of mixed fiber reinforced concrete at 28 days 
 

 
 

S. 
No 

Total 
fiber (%) 

Dual Fiber (%) Ultimate Load 
(Pu) in KN 

Compressive strength 
(fu) in N/mm2 

Increase in 
compressive 
strength (%) Glass Steel 

1 0.0 0.0 0.0 457.2 45.72 -------- 
2 0.5 0 100 599.0 59.90 31.01 
3 0.5 25 75 580.2 58.02 26.90 
4 0.5 50 50 557.3 55.73 21.89 
5 0.5 75 25 532.5 53.25 16.47 
6 0.5 100 0 519.7 51.97 13.67 
7 0.75 0 100 617.8 61.78 35.13 
8 0.75 25 75 604.2 60.42 32.15 
9 0.75 50 50 583.6 58.36 27.65 
10 0.75 75 25 542.5 54.25 18.66 
11 0.75 100 0 530.1 53.01 15.94 
12 1.0 0 100 639.8 63.98 39.94 
13 1.0 25 75 621 .4 62.14 35.91 
14 1.0 50 50 603.0 60.03 31.89 
15 1.0 75 25 587.7 58.77 28.54 
16 1.0 100 0 564.9 56.49 23.56 
17 1.5 0 100 668.5 66.85 46.21 
18 1.5 25 75 642.2 64.22 40.46 
19 1.5 50 50 634.6 63.46 38.80 
20 1.5 75 25 604.3 60.43 32.17 
21 1.5 100 0 598.5 59.85 30.90 
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Figure 1. The various of compressive strength with various total mixed fibers content 

of 0.5 and 0.75% percent for various glass fiber proportions 
 

 
 
Figure 2. The various of compressive strength with various total mixed fibers content 

of 1% and 1.5% for various glass fiber proportions 
 
Flexural Strength: There was observed that with the increase in fiber percentage, the 
flexural strength also increases with age.  At age of 28 days with 1.5% fiber the 
flexural strength is 77.7 percent in excess over the strength of reference mix (Table 4). 
The variation of flexural strength at 28 days with various percentages of glass fiber of 
0, 25, 50, 100% by volume used as replacement for steel fiber in total fiber content of 
0, 0.5, 0.75, 1.0 and 1.5%. There was observed that as the percentage of total fiber 
content is increased, the flexural strength also increases and it is seen as maximum at 
mixed fiber proportion of 25-75% in all the total fiber percentages.  As the percentage 
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replacement of steel fiber by glass fiber is increased and steel fiber percentage is 
decreased, the flexural strength goes on decreasing.  The same trend is observed in all 
the total fiber percentages (Table 4). 

 
Table 4. Ultimate flexural strength gain in percentage at 28 days for mixed fibre 

reinforced concrete 
 

S. No 
Total 

fiber (%) 

Dual Fiber 
(%) 

Ultimate 
Flexural load 
(Pu) in KN 

Flexural 
Strength 

Increase in 
compressive 
strength (%) Glass Steel 

1 0.0 0.0 0.0 11.58 4.63 -------- 
2 0.5 25 100 16.17 6.47 39.74 
3 0.5 50 75 16.58 6.63 43.19 
4 0.5 75 50 14.83 5.93 28.08 
5 0.5 100 25 14.50 5.80 25.27 
6 0.5 25 0 13.91 5.56 20.08 
7 0.75 50 100 17.25 6.90 49.03 
8 0.75 75 75 17.42 6.97 50.54 
9 0.75 100 50 16.00 6.40 38.23 
10 0.75 25 25 14.92 5.97 28.94 
11 0.75 50 0 14.17 5.67 22.46 
12 1.0 75 100 18.58 7.43 60.47 
13 1.0 100 75 18.75 7.50 61.99 
14 1.0 25 50 16.92 6.77 46.22 
15 1.0 50 25 16.08 6.43 38.88 
16 1.0 75 0 14.75 5.90 27.43 
17 1.5 100 100 19.92 7.97 72.14 
18 1.5 25 75 20.58 8.23 77.75 
19 1.5 50 50 19.25 7.70 66.31 
20 1.5 75 25 18.42 7.37 59.18 
21 1.5 100 0 15.75 6.30 36.07 

 
Ductility Characteristics:  Beam specimens of M25 Mix with various percentages of 
fibers have been tested for flexural strength under tow point loading as per the 
standard specifications.  The flexural specimens tested have exhibited ductility 
characteristics. At the failure load a diagonal crack has appeared in between the 
loading points and the specimens have not failed suddenly.  The failure is not brittle 
and is entirely different from that of plain concrete, where failure was brittle. The 
ductility characteristics exhibited by the specimens are better than that of plain 
concrete.  The ductility characteristics exhibited by the specimens are due to the 
introduction of fiber in the mix.  At the age of 28 days with 1.5% fiber, the deflection 
was 205.26% in excess over the deflection of reference mix.  The results of deflection 
are plotted in Figures 3 and 4. 
Cracking Characteristics: There was observed that failure in beam specimens has 
taken place gradually with the formation of cracks.  In the case of plain concrete 
specimens the failure is sudden and brittle.  Hence, the presence of fibers in the matrix 
has contributed towards arresting sudden crack formation. 
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Figure 3. Load Deflection curves of MFRC Standard Prisms at various Mixed Fiber 

Percentages in Total Fiber Percentage of 1.0 
 

 
 

Figure 4. Load Deflection curves of MFRC Standard Prisms at various Fiber 
Percentages in Total Fiber Percentage of 1.5 

 
CONCLUSIONS 
Based on the present experimental investigation conducted and the analysis of the  
test results, the following conclusions are drawn. 
1. Higher percentages of dual fibers from 1.0 percentage affect the workability of 
concrete, and may require the use of super plasticizers (workability agents) to 
maintain the workability.  For the M25 mix with a water cement ratio of 0.5, the 
workability of concrete is only marginally affected even with a total fiber content of 
1.0 percent by volume.  Steel fiber of 1 mm diameter and length of 55 mm having an 
aspect ratio of 55 can be satisfactorily mixed along with glass fiber having an aspect 
ratio of nearly 857, to increase the strength and other characteristics. 
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2. The Compressive strength of dual fiber concrete was found to be maximum at 1.5% 
of fiber.  With this percentage there was an increase of 46.21% for M25 Grade mix at 
28 days. 
3. The compressive strength of dual fiber concrete was maximum at 100% total fiber 
content of steel at 28 days compared to plain concrete.  There is a substantial increase 
in the compressive strength for mixed fiber combination when compared to plain 
concrete.  As the percentage of steel fiber is reduced and glass fiber is increased, the 
compressive strength is getting reduced compared to that of 100% steel fiber in the 
matrix. 
4. The Flexural strength of dual fiber concrete was also found to be maximum at 1.5% 
of fibre and there was an increase of 77.75% for M25 grade mix at 28 days. 
5. The flexural strength of dual fiber concretes was found to be maximum at 75% total 
steel fiber content in the mixed fiber proportions at 28 days compared to plain 
concrete in all the total percentages. As the percentage of steel fiber was reduced and 
glass fiber was increased, the flexural strength was reduced compared to the of mixed 
fiber percent of 25-75 in the matrix. 
6. The ductility characteristics are improved with the additions of fibers. The ductility 
characteristics have improved further with the addition of glass fibers.  The failure is 
gradual compared to that of brittle failure of plain concrete.  
7. Cracks can be controlled by introducing glass fibers.  Cracks have occurred and 
propagated gradually till the final failure.  This phenomenon is true with all the 
percentages of glass fiber.  Glass fiber also helps in controlling the shrinkage cracks. 
8. Compared to metallic fibres like steel, alkali resistant glass fiber gives corrosion 
free concrete.  By judiciously combining Glass fiber with Steel fiber, optimum FRC 
possessing required strength and other properties can be produced. 
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