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ABSTRACT 

Self compacting concrete (SCC), developed by Hajime Okamura, has proved to be an excellent concrete in 

terms of its compactability, flowability and durability apart from strength studies have proved that the 

effienciency of the SCC can be further increased by introduction of fibres like steel fibres, glass fibres etc. 

further enhances their toughness, tensile strength, resistance to crack propagation there by further enhancing 

the durability properties. The present paper deals with the behaviour of standard grade hybrid fibre reinforced 

self compacting concrete which is made with a combination of steel and glass fibres in suitable proportion. .It is 

observed that the confinement of the concrete has increased the 28 days strength from 12.39% to 28.2% for 

different percentages of confinements and  It peak stress and corresponding strain at peak stress increases with 

increase in percentage confinements. An empirical equation is proposed between E and fck, in the form of E= 

5700√fck. Out of the two analytical models were proposed for the stress-strain behaviour of HFRSCC under 

different confinements it is observed that the model based on Seanz equation is closely agreeing with 

experimental results. 
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I. INTRODUCTION 

Self compacting concrete (SCC) is a very special concrete by its inherent characteristics like self 

compactability, segregation resistance, flowability and improved performance. However the basic 

property of weakness in tension remains. The concept of fibre reinforcement in SCC was introduced 

to improve its strength, toughness, resistance to cracking there by further improving its durability and 

enhancement of energy. Various fibres were like steel, glass, polypropylene etc were tried by many 

researchers and results have been reported indicating enhancement in the performance characteristics 

of the SCC. The present studies are aimed to study the mechanical behaviour of Hybrid Fibre 

Reinforced Self Compacting Concrete (HFRSCC) of standard grade i.e., M30. The properties of 

strength, stress-strain behaviour, toughness index, energy absorption were studied and analytical 

models were developed for the stress-strain behaviour of plain SCC and HFRSCC of M30 grade 

based on the experimental investigation. 

II. EXPERIMENTAL PROGRAMME 

The first phase of experimental programme M30 grade SCC and HFRSCC were developed to satisfy 

EFNARC guidelines.  The specimens were cast with and without confinements in the form of hoops 

under different percentages of confinements. In the second phase tests were conducted for the 

mechanical properties. 
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Analytical Programme: Using the stress-strain results under axial compression for different levels of 

confinement, mathematical models are developed and compared. 

Materials Used:  Ordinary Portland cement of 53 grade confirming to IS: 12269 was used in the 

investigations. River sand confirming to Zone-II and coarse aggregate confirming to gradations given 

by IS: 2386 was used. Fly ash of Type-II from Vijayawada Thermal Power Station, Andhra Pradesh 
confirming to IS: 3812 was used. Super plasticizer and viscosity modifying agents with poly 

carboxylic ether base were used in developing the SCC. Anti-crack high dispersion glass fibres with 

aspect ratio of 857 with a filament length of 12mm and steel fibres of 12mm length and with a aspect 

ratio of 30 were used in developing HFRSCC. Different trial mixes were investigated in the 

laboratory and the mix with following constituents, as shown in Table 1 and 2, was arrived at and 

used in the further investigation. 

Table 1:  Details of M30 grade concrete mix 

Grade of 

concrete 

Cement 

kg/m3 

Fine 

Aggregate 

kg/m3 

Coarse 

Aggregate 

kg/m3 

Fly Ash 

kg/m3 

Glass 

Fibre 

kg/m3 

Water 

kg/m3 

SP 

lt/m3 
VMA 

lt/m3 

M30 330 860.6 794.4 150 0.63 186 6.75 0.33 

 
Table 2: Fresh properties of HFRSCC 

Designation  
Slump Flow 

(mm) 

T50 

Slump Flow 

(s) 

V Funnel 
(s) 

V Funnel at 5 

Min. 

(s) 

L Box  
H2/H1 

SCC 665 2.68 3.93 8.31 0.947 

HFRSCC 655 4.69 6.85 10.68 0.89 

        
Specimen Preparation and Testing: Standard cubes of 100mm size and cylinders of 150mm 

diameter and 300mm length were cast for studying the compressive strength and stress-strain 

behaviour of concrete. The cylinder specimens were cast without any confinement and with different 

percentages of confinement in the form of hoops as shown in Table 3. The specimens cast were cured 

for 28 days and tested as per BIS specifications. The cylinder specimens were tested in 1000kN strain 

control Universal Testing Machine under 0.02mm/s strain rate. 

 

III. DISCUSSION AND TEST RESULTS 

Table 3 shows the cube and cylinder compressive strength of M30 grade concrete without fibres and 

with hybrid fibres under different confinements. HFRSCC was made with a fibre dosage of 0.63 

kg/m
3
 glass fibres and 31.42 kg/m

3
 steel fibres. The fibre index obtained for HFRSCC is 0.124 

Table 3: SCC with different Steel confinement and mechanical properties 

S.No. Designation 
Volume of 

confinement (%) 

Type of 

confinement 

Cube 

compressive 

strength 

(MPa) 

Cylinder 

compressive 

strength 

(MPa) 

1 HFRSCCp - - 37.51 31.68 

2 HFRSCC3R 0.798 3 hoops - 36.16 

3 HFRSCC4R 1.062 4 hoops - 38.48 

4 HFRSCC5R 1.327 5 hoops - 39.62 

5 HFRSCC6R 1.591 6 hoops - 44.12 
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Fig 4(a). Comparisson of actual stress-strain curves and Seanz model stress-strain curves 

  

Fig 4(b). Comparisson of actual stress-strain curves and model Seanz stress-strain curves 

 

Fig 1: Stress-strain behavior of HFRSCC 

with and without confinement 

 

Fig 2: Normalized Stress-strain behavior of 

HFRSCC with and without confinement 
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Fig 4(c). Comparisson of actual stress-strain curves and Seanz model stress-strain curves 

 

                         

Fig 5(a). Comparisson of actual stress-strain curves and SPEQ model stress-strain curves 

 

 

  

Fig 5(b). Comparisson of actual stress-strain curves and SPEQ model stress-strain curves 
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Fig 5(c). Comparisson of actual stress-strain curves and SPEQ model stress-strain curves 

 

  

 

 

   

  

 

 

From the stress-strain curves shown in Fig 1 - 5, the values of ultimate strength (fu), strain at ultimate 

strength (εu) ,strain at 85% of ascending (ε0.85u Asc) and descending portion (ε0.85u Dsc) were obtained. 

Fig 8 . Relation between %confinement and 

%increase in ductility 
Fig 9.Relation between %confinement and 

%improvement of compressive strength 

Fig 6: variation of stress ratio with % 

confinement 

Fig 7: variation of strain ratio with % 

confinement 
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The values of stress ratio (fu / f'), strain ratio (εu /ε') and ductility factors were obtained for different 

confinements which are shown in Table 4. 

 
Table 4: stress ratio (fu / f'), strain ratio (εu /ε') and ductility factors were obtained for different 

confinements 

 
From Table 4, it can be observed that, for a given fibre index, the ductility factor increases with the 

increase in the confinement level. However, beyond 1.327 percent of confinement (5 stirrups), the 

increase in ductility factor is marginal. The percent increase in compressive strength beyond one 

percent confinement is observed to be more. 

Relation betweeen percentage confinement, stress ratio, strain ratio and ductility factor: 

Based on the experimental data and Fig 1-5 ,the relationship obtained between percentage 

confinement versus stress ratio and percentage of confinement(c) versus strain ratio for HFRSCC are 

as follows:  

fu= f'(0.088c2+0.094c+1.002) 

εu= ε'(0.343 c
2
+0.139c+0.998) 

The plots for the above are shown in Fig.6 and Fig.7. From the above data, an empirical equation 

relating the ductility factor and percentage of confinement (c) is obtained which is as follows.  

DF= 1.950c+1.336 

The plot for the improvement in ductility with percentage of confinement is shown in Fig.9 

Stress-Strain behaviour: From the Fig.2, it can be observed that the behaviour is almost similar for 
plain SCC and HFRSCC for the given grade of concrete. However it is observed that stress and 

corresponding strain increases with the introduction of fibres. Further it is also observed that the 

increase in stresses and strains are more in HFRSCC. It is observed that the non-dimensional stress-

strain behaviour in the post peak region up to 85% of ultimate stress level is almost similar. Fig.2 

shows the normalised stress-strain behaviour for different mixes.  

Model based on Seanz equation: 

A single equation proposed based on Seanz model is proposed to explain the stress-strain behaviour as 

shown below  

f/f u  =     A(ε/εu ) 

     1+B (ε/εu)
 2                               ------------------- (1) 

The boundary conditions are considered taking into account the ratios of stresses, strains, ultimate 

stresses and strains at ultimate stresses. The boundry conditions used are as follows. 

1)  At ε/εu =1; f / fu =1                                  ------------------- (2) 

  2) At ε/εu =1; d (f / fu)/d (ε/εu) =1 

By satisfying the boundary conditions, constants for ascending and descending portions are obtained. 

Based on the above conditions, the constants for ascending and descending portions of the curve are 

as follows: 

For HFRSCCp: 

A=1.331 and B=0.331 for ascending portion and A=6.91 and B=5.91 for descending portion. 

For HFRSCC3R: 

A=1.2732 and B=0.2732 for ascending portion and A=1.620 and B=0.620 for descending portion. 

For HFRSCC4R: 

Sl. 

No 
Designation 

Fibre 

Index 
Confinement 

Peak 

stress 

N/mm
2    

fu                           

fu/f' 

Strain at 

peak 

stress  

εu/ε' 

ε0.85u 

Asc x 

10-6 

ε0.85u 

Dsc x 

10-6 

Ductility 

Factor 

1 HFRSCC p  0.124 0 31.6768 1 0.00096 1 734 1206 1.64305 

2 HFRSCC(3R)   0.124 0.798 36.16 1.14153 0.001285 1.338542 875 3088 2.06329 

3 HFRSCC(4R)   0.124 1.062 38.48 1.21477 0.00143 1.489583 1501 3097 3.52914 

4 HFRSCC(5R)  0.124  1.327 39.62 1.25076 0.00177 1.84375 874 3878 4.33173 

5 HFRSCC(6R)  0.124  1.591 44.12 1.39282 0.001988 2.070313 1040 4505 4.43707 
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A=1.33 and B=0.33 for ascending portion and A=2.39 and B=1.392 for descending portion. 

For HFRSCC5R: 

A=1.8128 and B=0.8128 for ascending portion and A=1.526 and B=0.526 for descending portion. 

For HFRSCC6R:  

A=1.8854 and B=0.8854 for ascending portion and A=1.571 and B=0.571 for descending portion 
The stress-strain diagram obtained from the above equation and experimental data is given by Fig 4. 

The regression coefficients obtained for HFRSCCp, HFRSCC3R, HFRSCC4R, HFRSCC5R, HFRSCC6R 

are 0.986, 0.985, 0.978, 0.988, and 0.977 respectively. 

Model based on single polynomial empirical equation: 

The model is taken in the form of  

f =     (Aε+D)         ----------- (3) 

       (1+Bε+Cε2
)  

where f is the stress and ε is the strain at different levels. The non dimensional stress strain equation is 

given in the form 

f/fu=         A1(ε/εu)+ D1_____   ---------- (4) 

                                     1+B1 (ε/εu) +C1 (ε/εu)
2       

 

The boundary conditions for ascending and descending portion of the stress – strain curve are 

At   ε/εu=0; f / fu =0; At ε/εu=1; f / fu =1; At   ε/εu =1; d(f / fu )/d(ε/εu )=1 

Additional boundary conditions used for ascending portion are as follows: 

For HFRSCCp: at ε/εu=0.85; f / fu =0.7610; For HFRSCC3R= at ε/εu=0.85; f / fu =0.7778; For 

HFRSCC4R= at ε/εu=0.85; f / fu =0.7556; For HFRSCC5R= at ε/εu=0.85; f / fu =0.61147; For 

HFRSCC6R= at ε/εu=0.85; f / fu =0.5896. 

Additional boundary conditions used for descending portion of stress-strain curve are  

For HFRSCCp: at ε/εu=0.85; f / fu =1.239; For HFRSCC3R= at ε/εu=0.85; f / fu =2.4023; For 

HFRSCC4R= at ε/εu=0.85; f / fu =1.56; For HFRSCC5R= at ε/εu=0.85; f / fu =2.7127; For HFRSCC6R= 
at ε/εu=0.85; f / fu =2.55. 

  

Based on the above conditions, the constants for ascending and descending portions of the curve are 

as follows: 

For HFRSCCp: 

A=0.425; B=-1.5747; C=1; D=0 for ascending portion and A=0.26; B=-1.7418; C=1; D=0 for 

descending portion. 
For HFRSCC3R: 

A=0.359 and B=-1.641 for ascending portion and A=4.65 and B=2.65 for descending portion. 

For HFRSCC4R: 

A=0.45 and B=-1.552 for ascending portion and A=1.146 and B=-.854 for descending portion. 

For HFRSCC5R: 

A=1.4 and B=-0.6006 for ascending portion and A=6.13 and B=4.13 for descending portion. 

For HFRSCC6R:  

A=1.6189 and B=-0.381 for ascending portion and A=5.346 and B=3.346 for descending portion. 

The stress-strain diagram obtained from the above equation and experimental data is given by Fig 6. 

The regression coefficients obtained for HFRSCCp, HFRSCC3R, HFRSCC4R, HFRSCC5R, HFRSCC6R 

are 0.939, 0.929, 0.931, 0.968, and 0.932 respectively. 

IV. CONCLUSIONS  

Based on the experimental studies on the Hybrid Fibre Reinforced Self Compacting Concrete under 

axial compression under unconfined and confined states in the form of hoops; the following 

conclusions are arrived. 

Hybrid Fibre Reinforced Self Compacting Concrete of M30 grade satisfying EFNARC guidelines can 

be developed using a select mixture of glass and steel fibres with improved performance. There is an 

improvement in the peak stress and strain at 85% of ultimate strength in the descending portion for 

HFRSCC. The confinement of the concrete has increased the 28 days strength from 12.39% to 28.2% 

for different percentages of confinements. There is an increase in the value of secant modulus (E) for 
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M30 grade HFRSCC with confinement. An empirical equation is proposed between E and fck, which is 

as follows:    

                     E= 5700√fck  (where E and fck are in MPa) 

It is observed that peak stress and corresponding strain at peak stress increases with increase in 

percentage of confinements. Two analytical models were proposed for the stress-strain behaviour of 

HFRSCC under different confinements. It is observed that in the ascending portion, single equation 
can be used for different confinements. However, as the variation is considerable for descending 

portion of the curve, different constants are proposed for different confinements. It is also observed 

that the model based on Seanz equation is closely agreeing with experimental results. 
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