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ABSTRACT 

The objective of this paper is to investigate experimentally the effect of hybrid combination 

of fibers such as corrugated steel and glass on the mechanical properties and concrete. From 

the compressive strength test and split tensile test carried out on 3Nos of cube and cylinder 

for each trial, it was observed that compared to control mix, compressive strength increases. 

The increase may be due to increased availability of fibers at the micro-cracks, increase in 

pull out strength due to bending and warpness of fibers and improvement in bond between 

fiber and matrix at the interface. The presence of steel fibers in hybrid combination with non 

metallic fiber has improved post-cracking behavior of the beam specimens.  
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1. INTRODUCTION 

The fracture toughness values of concrete can be enhanced by reinforcing it with short 

discontinuous fibers [1].Hybrid combination of fibers having varied modulus, low and high is 

advantageous due to the fact that the fiber availability increases with the addition of fibers 

having lower density which thereby prevents the propagation of micro-cracks and the fibers 

with high stiffness such as steel prevents the formation of macro-cracks and improves the 

post crack response of the material [2].The characteristics of fibers such as length, diameter, 

shape, end anchorages, strength and stiffness significantly influences the properties of 

concrete. For instance to improve the fiber efficiency high aspect ratio(length of 

fiber/diameter of fiber) can be adopted. The bearing capacity and ductility of fiber concrete 

can be increased by increasing aspect ratio(David and Naaman,1985).The advantage of short 

fibers is that they pull out from the matrix leading to high ductility, contrary to continuous 

fiber composites which fail by fiber rupture. Zhiguoyon et al[3] has found that flexural 

toughness of fiber reinforced concrete can be enhanced appreciably by using hybrid 

combination of fibers of smaller and larger diameters. Nicolas Ali libre et al [5] has found 

that an increase in compressive strength to an extent of 47% is observed when steel fibers of 

0.5% volume fraction are added to concrete. However he has also found that further addition 

of steel fibers up to 1% volume fraction resulted in no increment in strength. C.X.Qian et al 

[6] found that when fibers of different characteristics were combined together and added in to 

concrete, the property of concrete improves appreciably. He has found that synergy between 

fibers of low and high modulus can be achieved which enables the concrete to take up stress 

at different levels and thereby delays the failure of concrete. 
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2. MATERIALS AND EXPERIMENTAL METHODS 

Ordinary Portland cement conforming to IS 12269-1987 has been used for making the 

concrete mixtures. The fine aggregate used was river sand conforming to IS 383-1970, has 

specific gravity of 2.55 and fineness modulus of 2.93.The crushed granite having specific 

gravity of 2.68 is used as coarse aggregate. The details of the mix proportions used are given 

in Table. M20 grade of concrete was used. 

 

Fibre Properties 

Steel Fiber Glass Fiber 

Average fiber length (mm) = 50, 

Diameter (mm) =1, Aspect ratio  = 50 

Average fiber length (mm) = 50 

 

A. Cement 

Ordinary Portland cement of grade – 53 conforming to Indian standard IS: 12269-

1987 has been used in the present study. The physical and chemical properties are given in 

Table. 

Requirements as per IS12269-1987 

Physical Properties Chemical Properties 

1. 

Fineness  

225(min) 1. Lime saturation 

factor 

.8-1.02 

2. Setting time 2. Alumina Modulus .66 

(min) 

Initial 

(min) 

30 minutes 3. Insoluble residue 

(%) 

4 (max) 

Final 

(max) 

600 

minutes 

4. Magnesia (%) 6 (max) 

  

5. Sulphuric anhydride 

(%) 

3 (max) 

  

6. Loss on ignition 

(%) 

4 (max) 

  

7. Chloride (%) .1 

(max) 

B. Bottom Ash 

Physical Properties Chemical Properties 

Colour 
Whitish gray to gray with slight 

black 
Silica(SiO2) 40 - 79 

Bulk density 1120kg/m
2
 Alumina(Al2O3) 23 - 33 

Specific 

gravity 
2.14-2.42 

Ferric Oxide 

(Fe2O3) 
0.6 – 4 

Fineness 2800-3200 cm
2
/gm 

Calcium Oxide 

(CaO) 
2.8 - 20 

  
Magnesia (MgO) 1.5 - 5.0 

  
Lgnition loss 1.0      - 3.0 
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C. Fine aggregate 

Locally available sand has been used as fine aggregate. In this study it was used the 

sand of Zone-II, known from the sieve analysis using different sieve sizes (10mm, 4.75mm, 

2.36mm, 1.18mm, 600μm, 300μm, 150μm) adopting IS 383:1963.  
 

 

 

 

 

 

 

 

 

D. Manufacturing Sand 

Manufacturing 

Sand 

M-sand is crushed aggregates produced from hard granite stone which 

is cubically shaped with grounded edges, washed and graded with 

consistency to be used as a substitute of river sand. 

E. Coarse Aggregate 

Coarse 

Aggregate 

12 to 20 mm 

size 

F. Fibres  

Steel fibre 

Two types - corrugated and hooked 

types having Aspect ratio = 50 (Length 

50mm, diameter 1mm) 
 

3. CASTING DETAILS 

The required materials for preparing the concrete were weighed as per the required 

proportions. The cement and bottom ash were thoroughly mixed in the dry state, and the sand 

with m.sand was added later to the mixture. The mixture was again thoroughly mixed and 

gently placed over the coarse aggregate. In case of fiber reinforced concrete, fibers were 

evenly sprinkled during the mixing. Water was finally added to the dry mixture. Mixing was 

carried out until a workable mixture was obtained. The entire mixing was carried out on a dry 

platform. Concreting was done in the moulds while they were on a platform vibrator. 

Vibrations were continued for one minute to ensure uniform compaction. The specimens 

were demoulded after 24 hours of casting and placed in a curing tank for 28 days. After the 

curing period, the specimens were removed from the curing tank and whitewashed for better 

visibility of cracks. The specimens as IS standards were prepared: 150 mm cubes for 

compressive strength as per IS 516 – 1999, 100 x 300 mm cylinders for split tensile strength 

as per IS 5816 -1999  
 

 

     Sieve size 

 

Percentage of 

passing 

10 mm 100 

4075 mm 90-100 

2.36 mm 75-100 

1.18mm 55-90 

600µm 35-59 

300 µm Aug-30 

150 µm 0-10 
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Mix Ratio 

S.No. 
Cement 

(kg/m
3
) 

Bottom 

Ash 

(kg/m
3
) 

Fine 

Aggregate 

(kg/m
3
) 

M.Sand 

(kg/m
3
) 

Coarse 

Aggregate 

(kg/m
3
) 

Fibres 

Steel Glass 

CM1 320 - 822 - 990  - -  

CM2 256 64 205.5 616.5 990 0.5 - 

CM3 256 64 205.5 616.5 990 - 0.5 

CM4 256 64 205.5 616.5 990 0.25 0.25 

CM5 256 64 205.5 616.5 990 0.75 0.25 

CM6 256 64 205.5 616.5 990 0.5 0.5 
 

4. TESTING 

The compressive strength test on cube specimens at 28 days splitting tensile strength test on 

cylinder specimens at 28 days were carried out using universal testing machine of capacity of 

100tones. For the compressive strength test, load was applied gradually at the rate of 140 

kg/cm
2
 per minute till the specimens fails. During the Splitting tensile strength test, the load 

was applied continuously without shock at a rate of approximately 18kg/cm
2
/minute. 

5. RESULTS 

The results obtained from the compressive strength test and split tensile strength test are 

given in Table.  

                 

Mix Id 

28 days 

Compressive 

Strength, mPa 

Split tensile 

Strength, mPa 

CM1 24.36  2.02  

CM2 30.36 4.56 

CM3 28.24 3.92 

CM4  27.26 3.66 

CM5 31.24 4.62 

CM6 30.56 5.01 

 

6. CONCLUSION 

From the study conducted to examine the role of fibers of both metallic and non metallic 

types on the compressive strength, split tensile strength of concrete specimens when added in 

different hybrid combinations, the following conclusions can be stated. Compared to 

performance of Mono-fiber added concrete element, hybrid fiber added concrete is found to 

be appreciable due to the reason that high modulus fibers tend to increase strength with only 

modest improvement in toughness, while low modulus fibers tend to increase the toughness 

with little or no improvement in strength. The highest splitting tensile strength to an extent of 

gradually increases. 
 

 



International Journal of Emerging Trends in Engineering and Development        Issue 3, Vol.6 (November 2013)                                                                                                    

Available online on http://www.rspublication.com/ijeted/ijeted_index.htm                                  ISSN 2249-6149 

R S. Publication (rspublication.com), rspublicationhouse@gmail.com Page 414 

 

REFERENCE 

[1] N. Banthia, A. Bentur and A. Mufti (1998) Fiber Reinforced Concrete: Present and Future, 

(Canadian Society of Civil Engineering), Montreal, 64-97.   

[2] A.Sivakumar and Manu Santhanam (2007) Mechanical properties of high strength 

concrete reinforced with metallic and non – metallic fibres, Cement and Concrete 

Composites, 29 603-608. 

[3] ZhiguoYou,Yining Ding, Said Jalali, (2010) Hybrid fiber influence on strength and 

toughness of RC beams, Composite Structures 92 2083–2089. 

[4] I. H. Yang, C. Joh, and B. S. Kim, (2011) Flexural strength of ultra high strength concrete beams 

reinforced with steel fibers, Procedia engineering 14 793-796. 

[5] Nicolas Ali Libre, Mohammad, Mehrdad and Parviz, (2011) Mechanical Properties of hybrid fiber 

reinforced light weight aggregate concrete made with natural pumice”, Construction and Building 

Materials 25 2458-2464. 

[6] C.X.Qian and P.Stroeven, (2000) Development of Hybrid Polypropylene – steel fibre – 

reinforced concrete”, Cement and concrete research, 30, 63-69.  

 


