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I. INTRODUCTION 
 

Cement is a material that has the ability to hold 

concrete together. It binds coarse aggregate with 

fine aggregate. Over one billion tonnes of cement 

are produced per year. It is expected that the 

demand for cement will increase significantly. To this 

point, there is no alternative material for cement.  

Cement is a fine powder essentially controlling 

concrete properties of strength and hardness. There 

are several types of cement; however Portland 

cement is the most cement type that is used across 

the world. Portland cements are made out of a 

mixture of limestone and clay rock as these rocks 

contain the raw materials of cement production as 

calcium carbonate (CaCO3) Iron oxide (Fe2O3) 

Aluminium oxide (Al2O3) and Silicon dioxide (SiO2). 

These rocks get crushed and blended then heated to 

a clinker in a kiln. Clinker is cooled and then ground 

into a fine powder. A small proportion of gypsum is 

added at the final grinding stage to produce a dry 

powder (Portland cement). 

 

1. Chemical Properties of Cement 

Four major oxides (CaO, SiO2, Al2O3, and Fe2O3) 

occupy the volume of cement (90%). The main 

chemical contents of Portland cement are tabulated 

below. 

 

 

Table 1.  Chemical Properties of Portland cement 

 

 

 

 

Chemical Content Amount (%) 

Calcium Oxide (CaO) 60-67 

Silicon dioxide (SiO2) 17-25 

Aluminium oxide 

(Al2O3) 
3-8 

Iron oxide (Fe2O3) 0.5-6 

Magnesium oxide 

(MgO) 
0.1-4 

Sodium oxide (Na2O) 0.2-1.3 

Potassium oxide( K2O) 0.2-1.3 

Sulfur Trioxide (SO3) 1-3 

  

2.  Environmental Implications of Cement 

 

Portland cement manufacture is an intensive energy 

process. It emits high percentage of carbon dioxide 

CO2 which is one of the major greenhouse gases, 

every ton of cement produces one ton CO2. In 

addition, Portland cement production accounts 

around 7% of the total global CO2 emissions. 

Moreover, large quantities of dust are produced 

during the process of cement manufacturing. Due to 

all these effects, the need of finding an alternative 

material becomes more significant. 

 

3.  Silica Fume In Concrete 

 

Abstract- This paper work deals with the increased use of silica fume in a concrete material numerous effort 

are made to optimise the extent of replacement in the previous modules extensive work were done to find the 

optimised extent of replacement of cement with silica fume as 13%. Test of this optimum replacement were 

also done on beams and short columns to confirm the result. Production of silica fume concrete is done on 

case-to-case basis depending upon the specific requirement with regard to any parameter of importance or 

consideration. An attempt in made to define a comprehensive method of proportioning silica fume concrete. 

The method is also tested for only one parameter that is compressive strength. 

 

Keywords- Silica Fume, Concrete, Cement, Compressive Strength. 

 



 Vaibhav Saxena International Journal of Science, Engineering and Technology, 2020, 8:4  

Page 2 of 7 

 

International Journal of Science, 
Engineering and Technology 

An Open Access Journal 

The American concrete institute (ACI) defines silica 

fume as a ‘‘very fine non-crystalline silica produced in 

electric arc furnaces as a by-product of production of 

elemental silicon or alloys containing silicon’’. Silica 

fume is also known as micro silica, condensed silica 

fume, volatized silica or silica dust. It is usually a grey 

coloured powder, somewhat similar to Portland 

cement or some fly ashes. It can exhibit both 

pozzolanic and cementitious properties. Silica fume 

has been recognized as a pozzolanic admixture that 

is effective in enhancing the mechanical properties to 

a great extent. Addition of silica fume to concrete 

improves the durability of concrete and also in 

protecting the embedded steel from corrosion. 

 

II.  METHODOLOGY 
 

Recognizing the need of utilization of Silica fume and 

Metakaolin in concrete, the present investigation is 

taken up with an aim to understand the behaviour of 

Silica fume and Metakaolin cement concrete when it 

is reinforced by steel fiber. Thus the work study is 

laboratory oriented. 

• The materials are collected from a specific location 

and properties are studied. 

• Using these properties, mix design of M60 grade 

concrete is carried out with suitable w/c ratio. 

• To study the compressive strength, split tensile 

strength and flexural strength of concrete cubes, 

cylinders and beams were casted and tested in 

laboratory. 

• Concrete cubes 150*150*150 mm were casted and 

tested at 7, 21, and 28 days as per IS: 516 – 1959 and 

compressive strength is reported. Concrete cylinders 

of size 150 mm diameter and 300 mm height were 

casted and tested at 28 days as per IS: 5816-1999 

and split tensile strength is reported. Concrete 

beams of size 500*500*700 mm were casted and 

tested for 28 days as per IS: 516 - 1959 and flexural 

strength is reported. 

• Conclusions are drawn based on test results. 

 

1.  Material Used 

 

In this experimental work, there are various materials 

used like… 

• Cement 

• Fine aggregate 

• Coarse aggregate 

• Water 

• Steel fibers 

• Slica fume 

• Metakaolin 

• Plasticizer 

 

1.1.   Cement 

 

Cement is one of few modern processed materials 

known worldwide to layman and expert alike. There 

are few people in the world who have not watched a 

brick laid, a wall rendered or a fencepost set. The 

large fraction of the world‟s population who live in 

urban areas are often surrounded by concrete – a 

composite ceramic of hydrated cement and 

aggregate – throughout their working day and their 

evening rest. Cement, more than any other material, 

defines modern urban life. Annually, 2.7 billion 

tonnes are manufactured around the world , which in 

turn makes 20 billion tonnes of structural concrete, 

foundations, blocks and paving slabs, mortar and 

rendering, roof tiles and other products. 

 

Ordinary portland cement of birla super brand of 53 

grade confirming to IS: 12269-1987 was used in 

present study. The property of cement is shown in 

Table 3.1. 

 

Table 2  Properties of ordinary Portland cement 

 

Property Value 

Specific gravity 3.14 

Normal consistency 30 % 

Initial setting time 50 mins 

Final setting time 320 mins 

 

 
  

Fig. 1 Cement used. 

 

1.2.  Fine Aggregate 

 

Fine aggregate is the essential ingredient in concrete 

that consists of natural sand or crushed stone. The 

quality and fine aggregate density strongly influence 
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the hardened properties of the concrete. The 

concrete or mortar mixture can be made more 

durable, stronger and cheaper if you made the 

selection of fine aggregate on basis of grading zone, 

particle shape and surface texture, abrasion and skid 

resistance and absorption and surface moisture.  

 

Fine aggregates are the structural filler that occupies 

most of the volume of the concrete mix formulas. 

Depending on composition, shape, size and other 

properties of fine aggregate you can have a 

significant impact on the output. The role of fine 

aggregate can be described in few points: 

• Fine aggregates provide dimensional stability to the 

mixture 

• The elastic modulus and abrasion resistance of the 

concrete can be influenced with fine aggregate 

• Fine aggregates quality also influence the mixture 

proportions and hardening properties 

• The properties of fine aggregates also have a 

significant impact on the shrinkage of the concrete. 

 

The sand used for this experimental work was locally 

procured and passing through 4.75mm sieve with 

specific gravity 2.80. The properties of Fine 

Aggregate are shown in below table. 

 

     Table 3  Properties of fine aggregate 

 

Property Value 

Bulk density 1.49 g/cm3 

% of voids ratio 34.23 % 

Voids Ratio 0.58 

Specific Gravity 2.258 

Fineness modulus 2.9 

  

 

 
  

Fig. 2 Fine aggregate. 

 

1.3.  Coarse Aggregate 

Coarse-grained aggregates will not pass through a 

sieve with 4.75 mm openings (No. 4). Those particles 

that are predominantly retained on the 4.75 mm (No. 

4) sieve and will pass through 3-inch screen are 

called Coarse Aggregates. The coarser the aggregate, 

the more economical the mix. Larger pieces offer less 

surface area of the particles than an equivalent 

volume of small pieces. Use of the largest 

permissible maximum size of coarse aggregate 

permits a reduction in cement and water 

requirements. Using aggregates larger than the 

maximum size of coarse aggregates permitted can 

result in interlock and form arches or obstructions 

within a concrete form. That allows the area below to 

become a void, or at best, to become filled with finer 

particles of sand and cement only and results  in a 

weakened  area. 

 

For Coarse Aggregates in Roads following properties 

are desirable: 

• Strength 

• Hardness 

• Toughness 

• Durability 

• Shape of aggregates 

• Adhesion with bitumen 

 

Crushed aggregate of maximum size 20 mm & 

minimum 10 mm are used in the present study. Its 

specific gravity is 2.85. The properties of Fine 

Aggregate are tested as per I.S. 383: 1970. The coarse 

aggregates properties shown in below table. 

 

     Table 4 Properties of coarse aggregate. 

 

S.NO Property Test Results 

1 Specific Gravity 2.74 

2 Bulk density(Kg/m) 1468(loose state) 

1611(dry rodded) 

3 Fineness Modulus 7.17 

 

 
 

Fig. 3  Coarse Aggregate. 
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III. RESULTS AND ANALYSIS 
 

1.  Mechanical Properties 

 

Mechanical properties such as compressive strength 

and flexural strength tests are evaluated. 

 

1.1. Compressive Strength Test 

 

Compressive strength test usually gives an overall 

picture of the quality of concrete because strength is 

directly related to the structure of the hydrated 

cement paste. Compressive strength tests were 

performed on the cube specimens at the ages of 3, 7 

and 28 days.  

 

1.1.1.  Effect Of Silica Fume And Metakaolin With 

Steel Fibers At 3 Days On Compressive Strength 

The cube compressive strength results at 3 days for 

different replacement levels such as 5%, 10%, and 

15% of cement with metakaolin and 10 % silica fume 

with 2% of steel fibers to the weight of concrete of 

round crimped type having aspect ratio 45.45 (length 

25 mm & diameter 0.55 mm) are presented in Table 

5. 

Table 5. Compressive Strength of M30 grade at 3 

days curing 

 

Mix SF %

  

Metakaolin 

%  

SFI % Compressive 

Strength 

(Mpa) 

M1

  

0 0 0 20.36 

M2

  

10 0 2 22.47 

M3

  

10 5  24.56 

M4

  

10 10 22.46 

M5 10 15 21.62 

 

SFI – fibres, SF- Silica fume 

  

 
 

Fig. 4 Compressive Strength of M60 grade concrete 

at 7 days curing. 

 

The development of Compressive Strength at 7 days 

for the above different mixes was plotted in the form 

of graph as shown in Fig.4. The cube compressive 

strength was observed as 46.72 N/mm2 for 15% SF, 

10 % Metakaolin and 2 % Steel fiber there is an 

increase of strength by 10.6 % when compared to 

control specimen. 

 

1.1.2  Effect Of Silica Fume And Metakaolin With 

Steel Fibers At 14 Days On Compressive Strength 

 

The cube compressive strength results at 14 days for 

different replacement levels such as 5%, 10%, and 

15% of cement with silica fume and metakaolin with 

2% of steel fibers to the weight of concrete of round 

crimped type having aspect ratio 45.45 (length 25 

mm & diameter 0.55 mm) are presented in Table 5 

 

Table 6. Compressive Strength of M60 grade at 14 

days curing 

 

Mix SF %

  

Metakaolin 

%  

SFI % Compressive 

Strength 

(Mpa) 

M1

  

0 0 0 52.14 

M2

  

5 5 2 52.55 

M3

  

10 54.37 

M4

  

15 55.53 

M5

  

5 10 2 53.21 

M6

  

10 55.40 

M7

  

15 56.01 

M8

  

5 15 2 52.76 

M9 10 54.10 

M10

  

10 55.23 

 

SFI – fibres, SF- Silica fume 

 

From fig. 5, It is observed that at 10% replacement of 

cement by silica fume and metakaolin with 2% fiber, 

compressive strength increases over 0% silica fume, 

metakaolin and fibers. Further increase in silica fume 

by 15 % the compressive strength decreases. Hence 
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the maximum replacement of cement by admixture 

is 15% SF, 10 % Metakaolin and 2 % Steel fiber. The 

cube compressive strength was observed as 56.01 

N/mm2 for 15% SF, 10 % Metakaolin and 2 % Steel 

fiber there is an increase of strength by 7.42 % when 

compared to control specimen. 

 

  

Fig. 5. Compressive Strength of M60 grade concrete 

at 14 days curing 

 

1.1.3.  Effect Of Silica Fume And Metakaolin With 

Steel Fibers At 28 Days On Compressive Strength 

 

Table 7. Compressive Strength of M60 grade at 28 

days curing 

 

Mix SF %

  

Metakaolin 

%  

SFI % Compressive 

Strength 

(Mpa) 

M1

  

0 0 0 62.12 

M2

  

5 5 2 62.80 

M3

  

10 64.92 

M4

  

15 66.77 

M5

  

5 10 2 63.52 

M6

  

10 65.9 

M7

  

15 68.78 

M8

  

5 15 2  62.28 

M9 10 64.52 

M10

  

10 67.20 

 

 
Fig. 6. Compressive Strength of M60 grade concrete 

at 28 days curing. 

 

SFI – fibres, SF- Silica fume 

 

Table 7 and fig. 6 showed result of compressive 

strength of concrete with fibers (crimpled type), silica 

fume and metakaolin using M60 grade of concrete. It 

is observed that compressive strength increases with 

the increase of silica fume and metakaolin as 

compared to the normal concrete. Compressive 

strength of concrete with silica fume is increased up 

to the 15 % and then decreases. The maximum 

values of compressive strength at 15% SF, 10 % 

Metakaolin and 2 % Steel fiber are 68.78 N/mm2.  

 

2.  Flexural Strength Test Result 

 

The Flexural strength of M60 grade of control 

concrete is 4.963 MPa. The Flexural strength of 

concrete increases with all the proportions of 

Metakaolin (5%, 10% & 15%) and Silica Fume (5%, 

10% & 15%), The Concrete with 15% of Silica Fume 

and 10% of Metakaolin possesses higher Flexural 

Strength when compared to all other proportions 

and with further increase in the content of 

Metakaolin. 

 

The Flexural strength decreases as shown in Table 6. 

The Percentage increase in the Flexural strength of 

M60 grade of concrete with 15% of Silica Fume and 

10% of Metakaolin is 29.63 %. The Variation of 

Flexural Strength of M60 Grade of Concrete for 

Control Concrete and Metakaolin (5%, 10% & 15%), 

Silica Fume (5%, 10% & 15 as shown in 6.   
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Table 8 Flexural Strength of M60 grade at 28 days 

curing. 

 

Mix SF % 
Metakaolin 

% 
SFI % 

Flexural 

Strength 

MPa) 

M1 0 0 0 4.963 

M2 5 

5 2 

5.172 

M3 10 5.662 

M4 15 6.120 

M5 5 

10 2 

5.385 

M6 10 5.791 

M7 15 6.434 

M8 5 

15 2 

5.242 

M9 10 5.623 

M10 10 6.220 

 

  

 
 

Fig. 7 Flexural Strength of M60 grade at 28 days 

curing. 

 

IV. CONCLUSION 
 

The purpose of introducing Silica fume and 

Metakaolin by partial replacing cement is to increase 

strength and performance of the concrete. And also 

strength and durability properties of concrete can be 

enhanced by introducing the steel fibers. 

The following conclusions could be drawn from the 

present investigation. 

• Addition of admixtures to the concrete increases 

the strength of high performance concrete. 

• The effect of silica fume, metakaolin and steel fiber 

in the High Performance Concrete are studied. 

• High strength fiber reinforced concrete mix has 

been produced with addition of condensed Silica 

fume and Metakaolin as mineral admixtures. 

• By the addition of steel fibers in high strength 

concrete with different percentage of mineral 

admixtures, the flexural strength has been improved 

in all the mix. 

• From the experimental results it has been observed 

that the appreciable improvement in compressive 

strength and the flexural strength has been 

observed with 15% of silica fume, 10 % of 

metakaolin and 2% of steel fibres. 

 

V. FUTURE SCOPE 
 

The utilization of the industrial by product and other 

natural minerals as supplementary cementitious 

materials has been investigated widely for recent 

years. The work reviewed demonstrates that both MK 

and SF is an effective supplementary cementitious 

materials and these materials are effective in 

consumption of Portlandite and helps in early 

strength and has considerable effect in long term 

strength. Both SF and MK helps in filling the pore 

and thereby reducing pore structures in cement 

paste. The cost and environmental impact of the 

both MK and SF is comparatively less compared to 

OPC. Wider realisation of the benefits of MK and SF 

in concrete will lead to greater demands and this will 

leads to cost effectiveness and reduces the 

environmental impacts due to cement industry. 

• Strength of concrete incorporating different 

replacement ratio of Metakaolin and Silica fume 

can be determined. 

• Strength of concrete incorporating different 

mineral admixtures can be determined. 

• Strength of concrete with different types of fibers 

can be determined. 
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