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 In this experimental study, the variations on splitting tensile strength of concrete 

specimens produced by using fly ash, copper slag, silica fume and steel and 

polypropylene fibres were investigated. Two types of fibres such as steel fibre and 

polypropylene fibre were used in the experiments and volume fractions of fibre was 

0.25% when both fibres were present and 0.5% when any one type of fibre was present. 

Water to binder ratio and addition of silica fume into the concrete were 0.35 and 6% of 
cement respectively. Amount of fly ash by weight of cement and amount of copper slag 

by weight of fine aggregate was varied from 40%-60% and 30%-50% respectively. 

Slump test for workability were performed on fresh concrete and the reference slump 
was 115 mm. Splitting tensile strength was made on hardened concrete specimens. 

Results showed that high replacement of cement by fly ash in concrete caused in 

reduction in splitting tensile strength within the experimental range. The strength of the 
concrete was improved with the increase of copper slag content upto 40%. Addition of 

steel fibre increased the strength of concrete compared to concrete containing only 

polypropylene fibre and concrete containing both steel and polypropylene fibres. 
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INTRODUCTION 

 

 Rapid industrialization leads to serious environmental pollution. Industrial by-products are hazardous to 

human health and environment. The efficient way of disposing such hazardous wastes is to use it as mineral 

admixture in construction industry. Generally used mineral admixtures are fly ash, Silica fume, Copper slag and 

steel and polypropylene fibres. Many researchers have been done in the past relating to the production of 

concrete containing mineral admixtures and understanding their splitting tensile strength properties. Mahmoud 

Nili et al investigated the combined effect of silica fume & steel fibres on impact resistance and mechanical 

properties of steel fibre reinforced concrete with water cement ratios of 0.46 & 0.36 with and without silica 

fume. They revealed that split tensile strength was increased with increase in fibre volume fraction. When silica 

fume was added into non fibrous specimens, it had only a slight effect on tensile strength. When silica fume was 

added to steel fibre reinforced concrete, tensile strength at 7, 28 and 91 days were 87%, 62% & 66% 

improvement in tensile strength. According to Osman Gencel et al, fly ash decreased split tensile strength of 

concrete to 0.5 Mpa, 1.07 Mpa & 1.56 Mpa for 10%, 20% & 30% fly ash content respectively. When waste 

ferrochromium aggregates were added in mixture, it increased the splitting tensile strength. Splitting tensile 

strength was increased due to strong interface bond between paste & ferrochromium aggregates. 

 Ozgor Eren et al studied the behaviour of high strength fibre reinforced concrete. They reported that, in the 

case of plain concrete mix with 2% fibre content and aspect ratio of 60, higher splitting tensile strength was 

obtained. When 1% fibre content with aspect ratio of 75 was added to plain concrete with 5% silica fume, 

splitting tensile strength was increased by 63.97%. When 2% fibre content with aspect ratio of 60 was added to 

concrete with 10% silica fume splitting tensile strength was increased by 129.71%. This was due to high degree 

of compaction obtained by silica fume content and small aspect ratio. When silica fume content was increased 

and aspect ratio was decreased, splitting tensile strength was increased due to high degree of compaction. 

According to Mostafa Khanzadi et al results, splitting tensile strength of copper slag aggregate concrete was 

increased from 6.1Mpa to 7.1 Mpa & 5.5 Mpa to 6.2 Mpa after 28 & 91 days of curing respectively. Generally 

splitting tensile strength of copper slag aggregate was higher than that of lime stone course aggregate concretes. 

Splitting tensile strength was more affected by alteration of surface textures of coarse aggregates due to ability 
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of stronger transition zone to control the tensile strength of concrete specimens. Measured values of splitting 

tensile strength of copper slag coarse aggregate concretes were higher than those predicted by ACI equation. 

Average of 28 & 91 day splitting tensile strength of copper slag aggregate concrete and lime stone aggregate 

concrete was between 13% and 15%. 

 Rafat Siddique carried out a study on performance of concrete incorporating high volumes of class F fly 

ash. They reported that, splitting tensile strength decreased with increase in fly ash content. 28 days splitting 

tensile strength of control mixture with 0% fly ash was observed as 4.1 Mpa and for mixture with fly ash 

contents of 40%, 45% and 50% the values were obtained as 3 Mpa, 2.6 Mpa and 2.2 Mpa respectively which 

represents a reduction of 27%, 37% and 46% respectively when compared to the strength of control mixture. At 

91 days, mixtures with fly ash contents of 0%, 40%, 45% and 50%, splitting tensile strength of 4.2 Mpa, 3.8 

Mpa, 3.3 Mpa and 2.6 Mpa respectively were achieved which indicates an increase of 2%, 26%, 27% and 18% 

respectively for mixtures with fly ash contents of 0%, 40%, 45% and 50% when compared to 28 days strength. 

In the case of 365 days splitting tensile strength, percentage increase in strength for mixtures with fly ash 

contents of 0%, 40%, 45% and 50% was 5%, 43%, 46% and 36% respectively compared to 28 days strength. 

From these results it can be concluded that percentage increase in strength at 91 & 365 days with respect to 28 

days strength is much more for fly ash concrete mixture and control mixture. According to Cengiz Duran Atis et 

al, steel fibre content in the range of 1% and 1.5% increased splitting tensile strength. When fibre volume 

fraction was high it gave maximum strength. Splitting tensile strength was lower for concrete containing 30% 

fly ash up to 1% and 1.5% volume fraction of steel fibre. 

 Wei Wu et al studied the mechanical properties of high strength concrete incorporating copper slag as a fine 

aggregate. When more copper slag is added as a fine aggregate in concrete splitting tensile strength is decreased. 

This is also due to increased porosity of concrete caused by trapped excess water. Porous internal structure of 

concrete makes it prone to failure in tensile cracking at weak bonds between concrete components. When higher 

copper slag content is added, the effect will be more serious causing increase in porosity which results in 

decrease in splitting tensile strength. The present research focuses on the production of various concrete 

mixtures containing the combination of fly ash, silica fume and copper slag as partial replacement for both 

cement and fine aggregates and understanding their mechanical property such splitting tensile strength of 

various mixtures  

 

Experimental Programme: 

 Ordinary Portland cement of 53 grade, locally available river sand, crushed granite as coarse aggregate, 

Silica fume, Copper slag, steel and polypropylene fibres and portable water were used in production of the 

concrete specimens. Water/ binder ratio and amount of silica fume were kept as 0.35 and 6% of cement were 

kept constant in all concrete mixtures. Fly ash was added to concrete directly as percentages of 40%, 50% and 

60% by weight of cement. For each percentage of replacement of cement, the amount of fine aggregate replaced 

by copper slag was 30%, 40% and 50% by weight. Steel fibres and Polypropylene fibres added to the mixture 

were based on the percentage of volume of fibre content.  

 The percentage of volume of fibre content was 0.25% when both fibres were present and 0.5% when any 

one type of fibre was present. Amount of super-plasticizer (Sulphonated napthalene formaldehyde) was kept 

2.0-2.2% by weight of the fibre content. The mix proportions were calculated and presented in Table 1. In this 

experiment, the specimens were cast in moulds in a controlled environment. The moulds were demoulded after 

24 hours and the specimens were subjected to immerse curing for 28 days. After the curing period, the 

specimens were tested for splitting tensile strength.  
 

Table 1: Mix proportions (in kg/m3) considered for experimental study. 

Mix ID Cement Fly ash Silica fume Fine 

aggregate 

Copper 

Slag 

Coarse 

aggregate 

Steel fibre Polypropylene 

Fibre 

S0 400 - - 652.0 - 1294 - - 

S1 216 160 24 456.4 195.6 1294 - - 

S2 176 200 24 456.4 195.6 1294 - - 

S3 136 240 24 456.4 195.6 1294 - - 

S4 216 160 24 391.2 260.8 1294 - - 

S5 176 200 24 391.2 260.8 1294 - - 

S6 136 240 24 391.2 260.8 1294 - - 

S7 216 160 24 326.0 326.0 1294 - - 

S8 176 200 24 326.0 326.0 1294 - - 

S9 136 240 24 326.0 326.0 1294 - - 

S10 216 160 24 456.4 195.6 1294 2 - 

S11 176 200 24 456.4 195.6 1294 2 - 

S12 136 240 24 456.4 195.6 1294 2 - 

S13 216 160 24 391.2 260.8 1294 2 - 

S14 176 200 24 391.2 260.8 1294 2 - 

S15 136 240 24 391.2 260.8 1294 2 - 

S16 216 160 24 326.0 326.0 1294 2 - 
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S17 176 200 24 326.0 326.0 1294 2 - 

S18 136 240 24 326.0 326.0 1294 2 - 

S19 216 160 24 456.4 195.6 1294 - 2 

S20 176 200 24 456.4 195.6 1294 - 2 

S21 136 240 24 456.4 195.6 1294 - 2 

S22 216 160 24 391.2 260.8 1294 - 2 

S23 176 200 24 391.2 260.8 1294 - 2 

S24 136 240 24 391.2 260.8 1294 - 2 

S25 216 160 24 326.0 326.0 1294 - 2 

S26 176 200 24 326.0 326.0 1294 - 2 

S27 136 240 24 326.0 326.0 1294 - 2 

S28 216 160 24 456.4 195.6 1294 1 1 

S29 176 200 24 456.4 195.6 1294 1 1 

S30 136 240 24 456.4 195.6 1294 1 1 

S31 216 160 24 391.2 260.8 1294 1 1 

S32 176 200 24 391.2 260.8 1294 1 1 

S33 136 240 24 391.2 260.8 1294 1 1 

S34 216 160 24 326.0 326.0 1294 1 1 

S35 176 200 24 326.0 326.0 1294 1 1 

S36 136 240 24 326.0 326.0 1294 1 1 

 
RESULTS AND DISCUSSION 

Workability 
 The reference slump value was 115 mm. Fig.1-4 shows the workability of concrete containing different 
mineral admixtures such as fly ash, copper slag and silica fume with steel and polypropylene fibres. When 
compared to reference mix, the nonfibrous concrete and concrete with steel fibre showed slight variation in 
workability. When the polypropylene fibre was added to concrete, there was a considerable reduction in slump 
values of concrete. In comparison with reference slump, the concrete with steel and polypropylene fibres 
exhibited a decreased trend in slump values.  
 
Table 2: Test results of specimens. 

Mix ID Slump 
(mm) 

Splitting tensile 
strength (N/mm2) 

Mix ID Slump 
(mm) 

Splitting tensile 
strength (N/mm2) 

S0 115 3.74 S19 10 3.58 

S1 50 3.57 S20 165 3.53 

S2 115 3.42 S21 10 3.1 

S3 145 3.13 S22 100 3.6 

S4 120 3.76 S23 10 3.39 

S5 110 3.64 S24 10 3.32 

S6 105 3.54 S25 10 3.64 

S7 115 3.69 S26 10 3.46 

S8 100 3.6 S27 10 3.04 

S9 110 2.84 S28 80 3.61 

S10 0 3.57 S29 90 3.5 

S11 100 3.47 S30 0 3.26 

S12 0 3.2 S31 80 3.58 

S13 105 3.8 S32 90 3.39 

S14 110 3.68 S33 0 3.49 

S15 140 3.58 S34 95 3.69 

S16 140 3.74 S35 100 3.5 

S17 135 3.64 S36 100 3.26 

S18 95 2.94 - - - 

 
Splitting tensile strength: 
 The results of 28 days splitting tensile strength tests for all of the mixtures are presented in Table 2. Fig.5 
shows the splitting tensile strength results of concrete mix S1-S9. In mix S1-S9, the splitting tensile strength 
values decrease with an increase of fly ash contents when compared to control concrete. But 40% copper slag 
addition by weight of fine aggregate and 40% addition of fly ash by weight of cement show increased trend in 
splitting tensile strength values of concrete containing 6% silica fume when compared to control concrete.   
 Fig.6 shows the splitting tensile strength results of concrete containing steel fibre (mix S10-S18). In mix 
S10-S18, 0.50% of steel fibre was added to each mixture. The addition of steel fibres to the concrete mixture 
improves the splitting tensile strength values with the addition of copper slag, silica fume and fly ash. 
Especially, 40% addition of copper slag and fly ash exhibits an improvement in splitting tensile strength values 
when compared to nonfibrous mixtures.  
 Fig.7 shows the splitting tensile strength results of concrete containing polypropylene fibre (mix S19-S27). 
In mix S19-S27, 0.50% addition of polypropylene fibres to the concrete specimens decreases the strength values 
of concrete. In comparison with control concrete, the addition of polypropylene fibre shows a decreased trend in 
strength of concrete. Polypropylene fibrous concrete containing 50% copper slag exhibits an improvement in 
strength compared to concrete containing 30%-40% of copper slag with polypropylene fibres.   
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 Fig.8 shows the splitting tensile strength results of concrete containing steel and polypropylene fibre (mix 

S28-S36). In mix S28-S36, 0.25% addition of steel and polypropylene fibre increase the splitting tensile strength 

of concrete when compared to concrete containing only polypropylene fibre. But, the values of concrete 

containing both steel and polypropylene fibre are less compared to control concrete. When combined steel and 

polypropylene fibres are used in concrete containing 50% copper slag, the splitting tensile strength results are 

increased. 

 

Conclusion: 

 From this experimental work, the following conclusions were made. 

1. Slump values of nonfibrous concrete and steel fibrous concrete showed an increased trend than 

polypropylene fibrous concrete. 

2. Splitting tensile strength of concrete increased with the increase in cement replacement with fly ash up to 

40% and the increase in fine aggregate replacement with copper slag up to 40% when the silica fume addition 

was constant as 6% by weight of cement then decreased if the replacement increased. 

3. A considerable increase in the splitting tensile strength of the concrete was obtained by using steel fibre and 

40% copper slag as sand replacement and 40% fly ash as cement replacement then decreased if the replacement 

increased. 

4. The strength of concrete was found to decrease with the increase in polypropylene fibre addition in concrete 

compared to nonfibrous concrete. It showed increased trend in 50% copper slag as sand replacement and 50% 

fly ash as cement replacement.  

5. The splitting tensile strength of concretes produced by additions of both steel and polypropylene fibres had 

higher than the ones containing only polypropylene fibre.  
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