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 Self compacting concrete (SCC) can be placed and compacted under its self weight 

with little or no vibration, and which is at the same time cohesive enough to be 

handled without segregation or bleeding. The introduction of fibres is brought in as 

a solution to develop concrete with enhanced flexural and tensile strength. This 

fibre reinforced concrete has many other advantages also such as improvement in 

impact, fatigue and shear strength. This paper reveals the effect of fibre addition on 

mechanical strength properties of five different self-compacting concrete mixes. 

Initially five different SCC mixes such as normal concrete, SCC (Self Compacting 

Concrete) with Fly ash, SCC with silica fume, SCC with rice husk ash and SCC 

with 20% quarry sand and were designed. The fresh concrete properties such as 

filling ability and passing ability were ascertained. Mechanical properties such as 

compressive strength, split tensile strength and modulus of rupture were obtained by 

conducting respective tests as per Indian Standards. Results are compared with the 

conventional specimens. 
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INTRODUCTION 

 

Concrete is acknowledged to be a relatively brittle material when subjected to normal stresses and impact 

loads, where tensile strength is approximately just one tenth of its compressive strength. As a result for these 

characteristics, concrete flexural members cannot support such loads that usually take place during their service 

life. The term Self-Compacting Concrete (SCC) refers to a “new” special type of concrete mixture, 

characterized by high resistance to segregation that can be cast without compaction or vibration. Development 

of self-compacting concrete (SCC) is a desirable achievement in the construction industry in order to overcome 

problems associated with cast-in-place concrete. Self compacting concrete is not affected by the skills of 

workers, the shape and amount of reinforcing bars or the arrangement of a structure and, due to its high-fluidity 

and resistance to segregation it can be pumped longer distances (Skarendahl, A., O. Petersson, 2000). 

Furthermore, due to its intrinsic low porosity, SCC usually has high performance properties also in terms of 

mechanical behavior and durability. These properties could even be elevated improved if steel fibers are 

incorporated, thus obtaining steel fiber reinforced self-compacting concrete (SFR-SCC) (Torrijos, M.C., et al., 

2008). If viscosity is too high, a low shear stress would be necessary (N´ıelsson, I., O.H. Wallevik, 2003). Thus, 

an adequate balance of the fundamental rheological parameters, such as shear stress and plastic viscosity, govern 

the behaviour SCC. The development of SFR-SCC has been reported by few authors (Barraga´n, B., et la., 2004; 

Gru¨newald, S., 2004; Groth, P., 2000). It has been observed that the incorporation of steel fibres modifies the 

rheological parameters of concrete (Pasini, F., et al., 2009). Considering concrete as a composite material, it is 

usual to study the properties of the material from different levels 

of observation, i.e. micro-, meso-, and macro-levels. Authors presented  a study on the fresh and mechanical 

properties of a fiber reinforced self-compacting concrete incorporating high-volume fly ash (Mustafa Sahmaran, 

I and Ozgur Yaman). Supplementary cementitious or inert materials such as limestone powder, natural 

pozzolans, and fly ash is also 

used to increase the viscosity and reduce the cost of SCC. Among these materials fly ash, a by-product of 

thermal power plants, has been reported to improve the mechanical properties and durability of concrete when 

used as a cement replacement material (Bilodeau, A., et al., 1994). Previous investigations (BouzoubaaÃa, N., 

M. Lachemib, 2001) show that the use of fly ash and blast furnace slag in SCC reduces the dosage of 

superplasticizer needed to obtain similar slump flow compared to concrete made with Portland cement only 
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(Yahia, A., et al., 1999). Also, the use of fly ash improves rheological properties and reduces cracking of 

concrete due to the heat of hydration of the cement (Kurita, M., T. Nomura, 1998). Previous authors (Mehmet 

Gesog˘lu a, et al., 2009) investigated the effects of using binary, ternary, and quaternary cementitious blends of 

mineral admixtures on the properties of self-compacting concretes and to find the optimal mixture 

proportioning. For this, a total of 22 self-compacting concrete mixtures were designed and cast. The control 

mixture included only a Portland cement as the binder while the remaining mixtures incorporated binary, 

ternary, and quaternary cementitious blends of Portland cement, fly ash (FA), ground granulated blast furnace 

slag (S), and silica fume (SF). 

Fly ash, glass filler, limestone powder, silica fume, etc. are used as the filler materials. Rice husk ash 

(RHA) has been used as a highly reactive pozzolanic material to improve the microstructure of the interfacial 

transition zone (ITZ) between the cement paste and the aggregate in self compacting concrete. On the other 

hand, Most of the quarry limestone powders are currently disposed in sanitary landfills or open-dumped into 

uncontrolled waste pits and open areas. Disposal of this material is a major problem for many small businesses. 

Therefore the acceptable solution of this problem with a commercial value is crucial (Sanjayan, G., and L.J. 

Stocks, 1993; Wee, T.H., et al., 1995). Addition to fresh concrete would increase the water demand and 

consequently the cement content for given workability and strength requirements. Thus, the successful 

utilisation of quarry dust in SCC could turn this waste material into a valuable resource. Another potential 

benefit in the utilisation of quarry dust is the cost saving (Luiz Antonio Pereira de Oliveira., 2006; Shamsad 

Ahmad., et al., 2008; Shazim Ali Memon., et al., 2008. This paper explores the experimental results of fresh and 

hardened properties of steel fibre reinforced self compacting green concrete.  

  

Experimental: 

Materials: 

The materials used in this investigation are: 

1. Cement: Ordinary Portland cement confirming to (43 Grade) 

IS: 8114-1978; Specific gravity of 3.15; 

2. Fine aggregate: Locally available river sand having specific gravity of 2.62, fineness Modulus of 2.83 and 

density of 1654 kg/m3 

3. Coarse aggregate: Crushed granite stones of 20 mm maximum size having specific gravity of 2.70, fineness 

modulus of 2.73 and density of 1590 kg/m3 

4. Silica fume: Commercially available Grade 920-D Silica fume from Elkem India private limited (India); 

Specific gravity of 2.3 

5. Fly ash: Low calcium fly ash (ASTM type F); Specific gravity of 2.9 

6. Rice husk ash: Rice husk collected locally was burnt approximately 48 hours under uncontrolled 

combustion process. The burning temperature was within the range 600 to 8000C. specific gravity of 2.15; Mean 

particle size of 13.4 µm 

7. Quarry dust: Collected from locally available Quarries; Specific Gravity of 2.57; Absorption of 1%; 

8. Superplasticizer: Commercially available CONPLAST SP430 –Naphthalene sulphonate based water 

reducing admixture 

9. Fibres Used: Corrugated Steel Fibre of Aspect Ratio: 30,60,90 and Volume Fraction of 0.5%, 1.0% and 

1.5% 

 
Table I: Chemical properties of Cement and additives 

Material SiO2 Al2O3 Fe2O3 CaO MgO LOI 

Cement 23.5 5.1 3.4 63.4 1.6 1.4 

Silica fume 88.2 0.7 2.2 0.85 1.5 1.1 

Fly ash 52.5 29.4 3.5 0.65 1.8 2.5 

Rice husk ash 90.5 0.65 0.23% 2.30 0.35 4.5 

Quarry dust 64.5 17.5 6.7 5.4 2.22 0.52 
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Mix Design: 

Okamura and Ozawa have proposed a simple mix-proportioning system assuming general supply from 

ready-mixed concrete plants (Torrijos, M.C., et al., 2008). For selecting a suitable mix, trial mixes were 

considered by varying the mix parameters, such as the water powder ratio and super plasticizer dosage, while 

keeping the coarse and fine aggregate contents are fixed so that self- compactability can be achieved easily by 

adjusting only [M. A. Ahmadi et al.]. In designing the mix it is most useful to consider the relative proportions 

of the key components by volume rather than by mass. In this investigation, different mixes of SCC were 

designed and casted by trial and error basis. The trial mixes were tested for the fresh concrete properties such as 

value of slump flow, L-box and V-funnel and hardened concrete properties such as 28 days compressive 

strength, flexural strength and modulus of elasticity.  

Fresh properties amount are in acceptable limited from European Specifications and Guidelines for Self 

Compacting Concrete [EFNARC]. In total, 4 SCC mixes and 1 ordinary concrete mix were prepared. The SCC 

mixes include SCC with fly ash, SCC with silica fume, SCC with rice husk ash and SCC with quarry dust. The 

detailed proportions of each mix are shown in Table.2.  

 
Table 2: Ingredients of different mixes 

Mix ID Mixture ingredients (kg/m3) SP 

(%) 

w/c (wt/wt) w/p (wt/wt) 

Cement FA CA SF FAS RHA QD 

CC 420 710 1120 - - - - 1.7 0.4 0.4 

SCC-SF 380 841 864 47    2.2 0.52 0.35 

SCC-FAS 395 865 882 - 69 - - 2.4 0.45 0.36 

SCC-RHA 365 880 864 - - 73 - 2.2 0.45 0.36 

SCC-QD 380 846 874 - - - 74 2.5 0.46 0.35 

FA – Fine aggregate; CA – Coarse aggregate; SF – Silica fume; FAS – Fly ash;  

RHA – Rice husk ash; QD – Quarry dust; SP – Superplasticizer;  

w/c – Water to cement ratio; w/p – Water to paste ratio 
 

Casting: 

A laboratory type concrete mixer machine was used to mix the ingredients of concrete. Fresh concrete 

properties were studied for each mix. For mechanical strength properties, concrete was manually placed in the 

respective moulds. All the specimens were well compacted using a table vibrator. The specimens were taken 

away after 24 hours and allowed to cure for 28 days.  

Specimen sizes may be mentioned. 

 
Table 3: Details of Specimens 

Size and shape Purpose Reference 

 

 

 

 

 

 

 

Compressive trength Test 

 

IS 516-1999 [] 

 

 

 

 

 

 

 

 

Split tensile strength test 

 

 

IS 5816-1999 [] 

 

 

 

 

 

Modulus of rupture 

 

 

IS 516 – 1959 [36] 

150 mm 

150 mm 

150 mm 

300 mm 

500 mm 

100 mm x 

100 mm 
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Testing: 

Fresh Concrete Properties: 

a) Slump flow and T500 time: 

Slump flow and T500 time is a test to assess the flowability and the flow rate of SCC inthe absence of 

obstructions. It is based on the slump test described in EN 1235-2. The result is an indication of the filling 

ability of SCC, and the T500 time is a measure of the speed of flow and hence the viscosity. The fresh concrete 

is poured into a cone. When the cone is upwards the time from commencing upward movement the cone to 

when the concrete has flowed to a diameter of 500 mm is measured; this is the T500 time. The largest diameter 

of the slow spread of the concrete and the diameter of the spread at right angles to it are then measured and the 

mean is the slump-flow, Figure 1 and 2.  

 

 
Fig. 1: Base plate and Abrams cone 

 
Fig. 2: Example of Dimensions of a Weight Ring 

 

b) L-box test:  

L-box test is used to assess the passing ability of SCC to flow through tight openings including spaces 

between reinforcing bars and other obstructions without segregation or blocking. L-box has arrangement and the 

dimensions as shown in Figure 3. Test procedure is to support the L-box on a level horizontal base and close the 

gate between the vertical and horizontal sections. Pour the concrete from the container into the filling hopper of 

the box and allow to stand for (60±10) s. When movement has ceased, measure the vertical distance, at the end 

of the horizontal section of the L-box, between the top of the concrete and the top of the horizontal section of 

the box at three positions equally spaced across the width of the box. By difference with the height of the 

horizontal section of the box, these three measurements are used to calculate the mean depth of concrete as H2 

mm. The same procedure is used to calculate the depth of concrete immediately behind the gate as H1 mm. The 

passing ability is calculated from the following equation: PA=H2/H1.  

 



272                                                         S. Suchithra and R. Malathy, 2013 

Australian Journal of Basic and Applied Sciences, 7(12) Oct 2013, Pages: 268-277 

 

 
Fig. 3: L-box test 

c) V-funnel test: 

The V-funnel test is used to assess the viscosity and filling ability of SCC. Procedure is to clean the funnel 

and bottom gate, then dampen all the inside surface including the gate. Close the gate and pour the sample of 

concrete into the funnel, without any agitation or rodding, then strike off the top with the straight edge so that 

the concrete is with the top of the funnel. Place the container under the funnel in order to retain the concrete to 

be passed. After a delay of (10±2)s from filling the funnel, open the gate and measure the time Tv, to 0.1 s, from 

opening the gate to when is possible to se vertically through funnel into the container below for the first time. Tv 

is the V-funnel flow time. V-funnel is shown in Figure 4. 

 

 
Fig. 4: V-Funnel Test 

 

d) U Box test: 

The test is used to measure the filling ability of self-compacting concrete. Sometimes the apparatus is called 

a “box-shaped” test. The apparatus consists of a vessel that is divided by a middle wall into two compartments, 

shown by R1 and R2 in Fig. An opening with a sliding gate is fitted between the two sections. Reinforcing bars 

with nominal diameters of 13 mm are installed at the gate with centre-to-centre spacing of 50 mm. This creates a 

clear spacing of 35 mm between the bars. The left hand section is filled with about 20 liters of concrete then the 

gate lifted and concrete flows upwards into the other section. The height of the concrete in both sections is 

measured. Fig.5 shows the U-box test apparatus.  
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Fig. 5: U-Funnel Test 

 

Hardened  Concrete Properties: 

As per Indian standards, companion specimens were cast and cured for 28 days.  Compressive, split tensile 

tests were conducted in UTM of 100 T capacity. Flexure test was conducted using flexural testing machine. 

RESULTS AND DISCUSSION 

 

 Fresh Concrete Properties: 

Table.4 shows the fresh concrete properties of various mixes and the corresponding suggested values. Steel 

fibres of 1.5% volume fraction and Aspect ratio of 90 were used. From the table, it is evident that all the mixes 

were satisfied the self compacting values.  From the table, it is also observed that the Slump result of SCC-FAS 

is greater than by 10 mm when compared SCC-SF. Similarly SCC-RHA produces 55 mm greater value than 

SCC-FAS. The mix SCC-QD produces a slump value of 70 which is 60 mm greater than the slump of SCC-

FAS. When the results of V-Funnel seconds are considered, SCC-FAS, RHA and QD are same as 9 which just 1 

sec more than SCC-SF. Similarly in L-Box test results, SCC-SF shows less value than SCC-SF. From the table, 

it is also evident that in the U-Box test result, SCC-FAS shows 0.6 mm and 0.3 mm greater than SCC-SF and 

SCC-RHA respectively. Also it shows 0.4 mm higher value than SCC-QD. 

 
Table IV: Fresh Concrete Properties (1.5Vf + A/R-90) 

S.No Test 

Value 
Suggested Value as per 

Europe Code SCC-SF SCC-FAS 
SCC-

RHA 
SCC-QD 

1 Slump in mm 650 660 705 720 650-800 

2 V-Funnel sec 8 9 9 9 8-12 

3 L-Box test 0.82 0.85 0.86 0.85 H2/H1= 0.8 – 1 

4 U-Box test in mm 30.2 30.8 30.5 30.6 H2-H1 = 30 

 

Hardened Concrete Properties: 

Compressive Strength: 

Compressive strength is a measure which shows the real capability of the specimen under crushing. 

Compressive strength of conventional concrete is 27.33 MPa. When fibre reinforcing index is increased 

compressive strength values are also getting increased. If mix 1 is taken in to consideration, 1% volume fraction 

and 90 aspect ratio fibre addition shows the highest improvement in compressive strength. The % increment is 

about 16%. Similarly in mix 2, highest value of compressive strength was obtained in the same fibre addition. 

When mix is considered, 13% of strength improvement is achieved in the same fibre addition. But in mix 4, 

1.5% volume fraction and 90 aspect ratio showed a highest strength improvement. However 1% volume fraction 

and 90 aspect ratio would give the reasonable improvement. Hence it is observed that 1% volume fraction of 

steel fibre addition with 90 volume fraction would be more useful in gaining higher compressive strength.  

 
Table 5: Compressive Strength Results 

Volume 

fraction (vf) in 

% 

Aspect ratio 

(l/d) 

FRI 

(vf x l/d) 
FRI Designation  

fcuf in MPa 

Mix1 (SF) 
Mix 2 

(FAS) 

Mix 3 

(RHA) 

Mix 4 

(QD) 

Conventional Concrete 27.33 

0.5% 30 0.15 FRI 1 27.95 27.44 27.58 27.34 

0.5% 60 0.30 FRI 2 30.52 27.97 28.76 28.12 

0.5% 90 0.45 FRI 3 32.88 29.94 29.08 28.58 
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1.0% 30 0.30 FRI 4 29.98 27.85 27.88 27.88 

1.0% 60 0.60 FRI 5 30.54 29.28 29.21 28.52 

1.0% 90 0.90 FRI 6 31.67 32.12 30.78 29.68 

1.5% 30 0.45 FRI 7 29.65 28.11 27.94 27.88 

1.5% 60 0.90 FRI 8 31.24 29.23 28.68 28.94 

1.5% 90 1.35 FRI 9 30.78 30.04 29.00 29.72 

 

 
 

 

Split Tensile Strength: 

Split tensile strength of conventional concrete is achieved as 2.86 MPa. When mix I is considered, highest 

value has been achieved from 1.5% volume fraction and 90 aspect ratio fibre addition. The % improvement in 

strength is about 70%. Similarly in mix 2 also the same steel fibre addition yielded good split tensile strength 

which is about 37%. Steel fibre of 1.5% volume fraction and 90 aspect ratio shows highest tensile strength in 

mix 3. But in mix 4, 0.5% volume fraction and 90 volume fraction gave the highest strength improvement than 

all other combinations. Hence it is observed that mix 1 ie., SCC with Silica fume gives more tensile strength 

than other mixes.   

 
Table VI: Split Tensile Strength Results 

Volume 

fraction (vf) in 

% 

Aspect ratio 

(l/d) 

FRI 

(vf x l/d) 
FRI Designation 

fsp in MPa 

Mix1 

(SF) 

Mix 2 

(FAS) 

Mix 3 

(RHA) 

Mix 4 

(QD) 

Conventional Concrete 2.86 

0.5% 30 0.15 FRI 1 3.22 3.12 2.98 2.85 

0.5% 60 0.30 FRI 2 3.56 3.45 3.45 3.74 

0.5% 90 0.45 FRI 3 3.75 3.58 3.86 3.95 

1.0% 30 0.30 FRI 4 3.53 3.22 3.12 2.67 

1.0% 60 0.60 FRI 5 3.92 3.48 3.49 3.56 

1.0% 90 0.90 FRI 6 4.42 3.78 3.99 3.85 

1.5% 30 0.45 FRI 7 3.81 3.46 3.21 3.48 

1.5% 60 0.90 FRI 8 4.28 3.92 3.67 3.24 

1.5% 90 1.35 FRI 9 4.92 3.94 4.02 3.28 

 

 
 

Modulus Of Rupture: 

The strength of concrete beams under flexural loading is called modulus of rupture or flexural strength. It is 

also gives the indirect index for tensile strength. The results obtained in this test are given in the following table 

7. Modulus of rupture of conventional concrete is 4.06 MPa. In mix 1, mix 2 and mix 3, 1.5% volume fraction 
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and 90 aspect ratio showed the highest percentage strength improvement in modulus of rupture. Here also in 

mix 4, 1% volume fraction and 90 aspect ratio showed the better result than other combinations.  

 
Table 7: Modulus of rupture results 

Volume fraction 

(vf) in % 

Aspect ratio 

(l/d) 

FRI 

(vf x l/d) 

fsp in MPa 

Mix1 (SF) 
Mix 2 

(FAS) 

Mix 3 

(RHA) 

Mix 4 

(QD) 

Conventional Concrete 4.06 

0.5% 30 0.15 4.45 4.22 4.23 4.22 

0.5% 60 0.30 4.84 4.86 4.98 4.85 

0.5% 90 0.45 5.42 5.23 5.68 5.38 

1.0% 30 0.30 4.8 4.34 5.34 5.01 

1.0% 60 0.60 5.54 4.97 5.96 5.63 

1.0% 90 0.90 6.02 5.34 6 5.88 

1.5% 30 0.45 5.02 4.56 4.67 4.56 

1.5% 60 0.90 6.43 5.34 5.84 4.64 

1.5% 90 1.35 7.91 6.23 6.05 4.89 

 

 
 

Regression Model for Strength Parameters: 

Based on the experimental results obtained for compressive strength, split tensile strength and modulus of 

rupture, regression model has been obtained and the equation for different mixes re given in table 8. The first 

term of the model shows the contribution of fibre dosage and fibre geometry whereas the second term represents 

the contribution of controlled concrete strength.  

 
Table 8: Prediction of Model for Compressive Strength: 

Mix Predicted Model 

Compressive strength Split tensile strength Modulus of rupture 

CC F = 3.38(FRI)+fcu F = 1.98(FRI)+fsp F = 2.62(FRI)+fmr 

SCC-SF F = 2.53(FRI)+fcu F = 1.42(FRI)+fsp F = 2.52(FRI)+fmr 

SCC-FAS F  = 2.68(FRI)+fcu F  = 1.34(FRI)+fsp F = 2.38(FRI)+fmr 

SCC-RHA F = 2.75(FRI)+fcu F  = 1.52(FRI)+fsp F = 2.26(FRI)+fmr 

SCC-QD F = 2.48 (FRI)+fcu F = 1.23(FRI)+fsp F = 2.34(FRI)+fmr 

 

From the Table 8, it is observed that the numerical coefficients of fibre reinforced index indicate the 

contribution of different fibres towards improvement in compressive strengths. It can be clearly seen that steel 

fibrous concrete possesses maximum strength.  

 

Relationship between strength Parameters: 

 
Table 9: Relation between Strength Parameters 

Concrete Type Relationship between Compressive 

Strength and Split Tensile strength  

Relationship between Compressive 

Strength and Modulus of Rupture 

CC fsp = 0.62√fc fmr = 0.75√fc 

SCC-SF fsp = 0.78√fc fmr = 0.82√fc 

SCC-FAS fsp = 0.71√fc fmr = 0.85√fc 

SCC-RHA fsp = 0.71√fc fmr = 0.78√fc 

SCC-QD fsp = 0.70√fc fmr = 0.92√fc 

 

Table 9 shows the proposed relations between 1) split tensile strength and compressive strength and 2) 

modulus of rupture and compressive strength of different concrete mixes. The relation for conventional concrete 

specimen with split tensile and flexural strength are obtained as fmr = 0.62√fcy and 0.75√fc respectively. From the 
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table, it is clearly observed that addition of steel fibre with any aspect ratio at any volume fraction improves  all 

the strength values of self compacting concrete. Among all the mixes, silica fume gives the highest strength 

values in all respects.  

 

Conclusion: 

 The chosen SCC mixes attain the specified Fresh Concrete properties. 

 Fresh concrete properties have been reduced while adding steel fibres in SCC. 

 Addition of steel fibre enhances the all the strength parameters studied here.  

 Silica fume additive shows the highest strength in all the mechanical strength parameters.  

 Hence, it can be concluded that, addition of steel fibres and additives such as silica fume, fly ash, rice 

husk ash and quarry dust enhances the mechanical properties.   
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