
   North Asian International Research Journal of Sciences, Engineering & I.T.  ISSN: 2454 - 7514 Vol. 8, Issue 9, Sep. 2022 
 

 
North Asian International research Journal consortiums www.nairjc.com 

 

 

Index Copernicus Value: 52.88                                            Indian Citation Index                                        Thomson Reuters ID: S-8304-2016 
  

  NAIRJC                                                                                                              A Peer Reviewed Refereed Journal 
 

 

                      DOI: 10.55627/nairjsei.2022.9.7.8                                         Page No.124-146 

USE OF SILICA FUME AND STEEL FIBERS TO INCREASE THE 

MECHANICAL PROPERTIES OF CONCRETE 

1
RAEES AHMAD SHAH & 

2
ER. ASHISH KUMAR 

1
M.Tech Final year student, Civil Engineering Department, RIMT University Mandi Gobindgarh, Punjab 

(INDIA) 
2
Assistant Professor, Civil Engineering Department, RIMT University Mandi Gobindgarh, Punjab 

(INDIA) 

ABSTRACT 

As far as unbending asphalts, their utilization is expanding step by step because of the 

large number of uses accessible, for example, harbors, hangars, transport stops, and 

other intensely dealt regions. A few tests have been led in such manner to build the 

compressive and flexural strength of asphalt quality cement. This exploration is 

essential to research the powerful strength of cement with the expansion of silica 

vapor and the expansion of steel filaments. It is notable that silica exhaust increment 

the thickness and in this way the compressive strength of cement. Steel strands, then 

again, are planned to increment flexural strength, which lessens pressure in the 

asphalt concrete and, thus, the breaks that structure. 

Compressive tests were performed using silica fume percentages of 3%, 6%, 9%, and 

12% and steel fibre percentages of 0.3%, 0.6%, 0.9%, and 1.2%. In the beginning, 

there was a progressive improvement in compressive strength with increasing the 

proportion of silica fumes and steel fibre, but after 9%, there was essentially no 

increase in compressive strength. 

Flexure tests were performed for silica fume percentages of 3%, 6%, 9%, and 12%, as 

well as steel fibre percentages of 0.3%, 0.6%, 0.9%, and 1.2%. In the beginning, there 

was a progressive rise in flexure strength with increasing percentages of silica fumes 

and steel fibre, but after 9%, there was essentially no improvement in compressive 

strength. 
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INTRODUCTION 

The quantity of vehicles out and about has expanded at a remarkable rate over the 

course of the past 10 years.  With increased population & technological 

improvements, more cars are now being incorporated into the existing traffic flow, 

adding to excessive stresses on the roads. The design life of flexible pavements is 

short. Rigid pavements, in contrast hand, are significant in current high-density traffic 

because of their extended design life. Because rigid pavements absorb weights 

uniformly, they endure better & need less upkeep than flexible pavements. Rigid 

pavement is much more costly than flexible pavement due to the expense of 

reinforcing as well as the building process. These fissures grow in size, causing the 

pavement to disintegrate. Basic investigation has been performed to raise the 

compressive and flexural strength for black-top quality concrete to overcome these 

issues. To forestall breaking and increment flexural and elasticity, strands are 

integrated into the substantial. Silica exhaust are added to function as a superior 

substrate, growing thickness by closing pores in the better particles, and as such 

working on the compressive strength of the significant . These gaps fill in size, 

making the asphalt deteriorate.  Steel fibres included in the concrete tendency to 

fasten fractures in the pavement construction to accomplish this. It sticks towards the 

concrete matrix, stopping fractures in the pavement from expanding. Steel fibres are 

spread in all directions during concrete mixing, considerably enhancing the flexural 

capacity of the concrete. Unbending asphalts are more significant in regions with high 

stacking, like air terminals, docks, and transport stops, among others. Steel filaments 

are viewed as waste from the steel fabricating enterprises. One of the most enjoyable 

natural challenges is organizing mechanical waste materials. Huge development might 

give nearly couple of purposes in the re-utilization of a couple of the disposed of 

mechanical squanders. While light-weight fashioned totals (LWAs) ordinarily lessen 

total strength, substantial utilizing LWAs with mechanical squanderers like steel 

filaments might further develop mechanical characteristics when contrasted with the 

standard blend. In such instances, specific mineral combinations can be utilised at the 

same rate to retain the strength of concrete including some utilized aggregates 

(recycled concrete). For example, silica fume unequivocally changes the strength and 

mechanical traits of concrete. Silica fume is by and by apparent as a development of 

the silicon metal and compound industry, a mix of iron and silicon, as opposed to a 
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waste part, and has as of late seen tremendous application in significant turn of events.  

For the year 1952, the Norwegian Scientist obtained the predominant usage of silica 

fumes and Nano silica in concrete. Silica fume was first utilised as an adhesive in 

supplemental concrete in Scandinavia in the late 1970s. In North America, they were 

not utilised as part of the duration of these lines until the mid-1980s. The usage of 

silica exhaust in the gathering of high-strength concrete (HSC) has proactively 

become mandatory in this present circumstance because of significant upgrades inside 

the place of association zone of the substantial paste complete. By making points of 

collaboration thicker, silica rage (1 LM) grows the strength of the paste relationship in 

among concrete and the whole district. Probably as well as being a significant part of 

mechanical limit of the substantial growing inferable from the presence of pozzolonic 

development. It is not a substitute for cement and it has a high level of softness. To 

manage workability, silica fume is often used in combination with a super plasticizer. 

Silica smolder accommodates high-strength concrete, but it debilitates the 

substantial's construction. In this manner, growing the significant's usage transforms 

into an obvious delineation of high-strength concrete. Fiber is utilized in concrete to 

chip away at its most outrageous absorption of fundamental concrete and to offer 

more vital versatility for such significant plan, which is especially huge in hard black-

tops.  

Well after network mesh forms inside the concrete mix, it is a crucial feature of steel 

fibers for concrete. Surface crack inhibitors are steel fibres that circulate through the 

concrete matrix in any direction. These materials are beneficial if you need to 

preserve a lot of the decrease is necessary to make the disappointment delicate. It was 

clearly stated that both silica smoke and steel fibre are parts that must be avoided 

while creating more adaptable high-strength concrete. 

OBJECTIVES 

The following are the objectives of the research: 

• A more durable and stronger concrete is formed by blending Ordinary Portland 

Cement (OPC), SF, and steel fibre. 

• To find a correct mix proportion that will retain workability without compromising 

concrete strength. 

• To enhance the flexural capacity of the concrete, resulting in fewer pavement splits 

and pore enlargement in stiff pavements subjected to high loads. 
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• To get a dose of silica fume and steel fibre which will eventually help in in 

improving compressive and flexural strength? 

LITERATURE REVIEW 

Silica Fume 

Silica fume is a result of the assembling of silicon metal or ferrosilicon composites. 

Concrete is one of the most good purposes for silica seethe. In light of its substance 

and actual qualities, it is an exceptionally responsive pozzolonic. Silica seethe 

containing cement can be profoundly strong and dependable. Silica seethe is 

accessible from substantial admixture providers and, when indicated, is just added 

during the substantial creation process. Electric heaters are utilized to fabricate silicon 

metal and composites. Quartz, coal, and woodchips are the unrefined components. 

Instead of being discarded, the smoke created by heater activity is gathered and sold 

as silica smolder. The most widely recognized application for this material is as a 

mineral admixture in concrete. Silica Exhaust can be found in two structures, it can 

either be dry or it very well may be viewed as in wet. Silica is dry structures is fine 

which makes it hard to deal with as well as to move it. Subsequently, this dry silica 

smoke can be handled to shape a wet slurry, which is called as wet silica smolder. Dry 

silica exhaust can be added to different added substances. The two types of silica have 

various purposes and the choice relies upon the application for which the silica vapor 

are to be utilized. 

Silica fumes do not contain water in crystalline form and thus do not participate in the 

curing reaction. The internal reactions of the cement are not affected with the use of 

silica fumes. Thus, silica fumes make good fillers with properties which are stable.  

Silica Fume in Concrete 

Exactly when the zenith electric hotter works perfectly, silica is one of the 

consequences of quartz and silicon decline coal, iron, and silicon composite material 

(generally called silicon dioxide, microscopic). Silica is a material that is a sensible 

decision to flotsam and jetsam. Silicon is used in dark cement to expand its 

presentation in regions including such compressive strength, glue strength, scratch 

opposition, and porosity decrease, as well as to safeguard rebar utilization. 
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A lot of movement of concrete, the concrete needs to be of high workability. This 

helps to better place concrete in different shapes of the structure example is using 

booms to place concrete in high rise buildings, placing concrete in dams.  

Steel Fibers 

They are formed of stainless-steel mesh, which is shredded steel wire with such a low 

proportion of carbon (C). Flat, hooked, or undulated fibres are possible. Undulated 

steel fibres are useful because the concrete has a greater hold on the fibres' surface. As 

a result, undulated steel fibres were employed in this investigation. 

Steel Fiber use in Concrete 

It is important to assemble substantial that has explicit characteristics. The rigidity of 

Portland Pozzolonic concrete cement is poor, it has restricted malleability, and it is 

inclined to parting. Concrete is described by internal more limited size breaks, and its 

lacking rigidity is attributable to the multiplication of such scaled down size breaks, 

driving in the substantial's delicate setback. Stress the meaning of fulfilling the 

requests of regular cement. The delicacy of cement becomes stronger increments. By 

bringing steel strands into the substantial blend, defenselessness and delicacy are 

diminished. 

 

Fig 2.1: Effect of fiber 

 

 

 

PREVIOUS STUDIES 
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G. Ramakrishna, T. Sundararajan, 2005, In a paper entitled “Impact strength of 

few natural fiber reinforced cement mortar slabs- A comparative study.”, Utilizing a 

basic shot test, in general effect stacking of cementitious materials sections (1:3, 

size:300 mm x300 mm x20) built up with four regular filaments, jute, cannebinus, 

coir, and sisal, was analyzed in this article. The fiber content rates utilized were (0.5, 

1%, 1.5, and 2.5%) and three filaments were utilized (20 mm, 30 mm, and 40 mm). 

The consideration of the regular filaments referenced above helped influence strength 

by Three to multiple times a greater amount of the benchmark section. 

Fuat Ko ksal, FatihAltun, IlhamiYigit, Yusa Sahin, 19 April (2007), In a paper 

entitled “Combined eff ect of silica fume and steel fiber on the mechanical properties 

of high strength concretes” The preliminaries included two sorts of steel filaments 

with angle proportions (fiber length/fiber breadth) of 65 and 80, and steel fiber 

volume parts of 0.5 and 1%. By weight of concrete substance, the measures of silica 

smolder included along with the remaining blend were 0%, 5%, 10%, and 15%. The 

water/concrete proportion was 0.38, with a reference rut of 120 20 mm. Solidified 

substantial examples were tried for compressive strength, parting elasticity, and 

flexural strength. Flexural testing additionally yielded load-diversion bends and 

example durability. The expansion of silica smoke to concrete expanded the two its 

mechanical strength and modulus of versatility. 

Majid Ali, Xiaoyang,NawawiChouw,  2012, In a paper entitled “Experimental 

Investigation on bond strength between coconut fiber and concrete.", The outcomes 

show that when I the implant length is 30 mm, (ii) the strands are thick, (iii) they are 

treated with bubbling water, and (iv) the substantial blend plan proportion is 1:3:3, 

filaments have the most elevated bond strength with concrete. The energy expected 

for fiber pullout shows comparable impacts. Experimental conditions are additionally 

evolved utilizing the gotten information to decide the bond strength and energy 

expected for fiberpullout. 

Vikrant S. Vairagade, Kavita S. Kene, (May 2012), In a paper entitled 

“Introduction To Steel Fiber Reinforced Concrete On Engineering Performance Of 

Concrete”In this paper, the combining of fibers, also known as hybridization, is 

investigated for an M25 grade concrete. Different steel and polypropylene fiber 

proportions were used to cast control and two-fiber hybrid composites. Compressive 

tests and split elasticity were performed, and the outcomes were completely broke 
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down to connect with the fiber mixes recorded previously. The paper recognizes fiber 

blends that have the most noteworthy compressive and parted rigidity of cement in 

light of exploratory examinations. 

Sujan, M.E. Rahman, Y. Loh, C.A. Das 2013, In a paper entitled “Sugarcane 

bagasse- The Future Composite material” The paper endeavored to sum up a survey 

of current writing on the broad examinations that have been embraced trying to 

investigate conceivable applications and possibilities of SCB for composite material. 

Mohd. Ahmed; Javed Mallick; Mohd. Abul Hasan,  2016, In a paper entitled “A 

study of factors affecting the flexural tensile strength of concrete”, Substantial 

developments' bowing and breaking still up in the air by their flexural rigidity. Many 

variables have been demonstrated to influence the flexural strength of cement, 

including the level of pressure, size, age, and limitation to the substantial flexure part. 

In talking, the substantial components are of huge continuous size and have least 

supporting, giving the substantial a limiting impact. Contracting support advances 

malleability, and significant diversions in structures offer an early admonition of 

disappointment before the flexure part bombs totally, and it is likewise wanted to take 

full advantage of long haul strength gain for powerful utilization of constructional 

material. Accordingly, while looking at substantial flexure rigidity, the impact of 

components like anxiety, age, and substantial part repression ought to be focused on. 

This paper depicts a trial concentrate on that was directed to gauge the flexural 

elasticity of cement for a large number of substantial qualities while representing 

repression conditions and substantial age (from 30 to 85 MPa). It is resolved that 

while laying out the flexural rigidity and compressive strength proportionality 

conditions, components, for example, restriction conditions and substantial age ought 

to be thought of. 

MATERIALS & METHODOLOGY 

Material Used 

Various building materials, including as cement, fine aggregates, coarse aggregates, 

admixture sand water, are employed in the casting process. 

Cement 

It is to bind all the ingredients of concrete together. Thus, cement plays a very 

important rule in the stability of concrete. Cement is manufactured in kilns where the 

basic ingredients of cement are burned at very high temperatures. The most important 

https://www.ingentaconnect.com/search?option2=author&value2=Mohd.+Ahmed
https://www.ingentaconnect.com/search?option2=author&value2=Javed+Mallick
https://www.ingentaconnect.com/search?option2=author&value2=Mohd.+Abul+Hasan
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of these ingredients are calcium and silica. The resulting material formed is cement 

which is in the form of clinkers which are grounded in to fine particles. Cement is 

divided into three grades which are used, they are 33, 43 and 53 grade. The addition 

of water to cement causes its hydration which produces C-S-H gel, calcium oxide. 

This is an exothermic reaction.  

The concrete used was bought from a close by Khyber Concrete Seller and is of OPC 

43 grade with a consistency (P) of 27%. S.G.of 3.14, the underlying setting time is 38 

minutes and the last setting time is 583 minutes. The concrete has been tried for 

different characteristics, and the estimations have beenmade exactly while 

remembering the limitations laid out by IS: 8112-1989 

.  

Fig 3.1: Cement 

Aggregates 

The C.A.  Provides strength to the concrete mix and using a coarse aggregate of 

higher strength improves the load bearing capacity of concrete. Fine aggregate act as a 

filler and fill the voids that exist between the aggregates.  

The C.A size was 12-20 mm and was acquired from a nearby facility in Lasjan, 

Srinagar, while the fine aggregate river sand was purchased from the same location 

from a local seller with a fineness modulus of 2.389, according to Zone  

II. 
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Fig 3.2: aggregates 

Water 

Water was taken from a nearby faucet for testing and curing. The w/c ratio is 

remained constant at 0.38 in this project. 

Silica fumes 

S.F used here was brought from Trade. India.   

 

 
 

 

Fig 3.3: Silica Fume 

Steel fiber 

Steel fibers are utilized to work on the flexural and malleable property of cement, by 

volume of cement. Here, steel filaments of distance across 0.5 mm and having length 

60mm is utilized. Steel fiber was bought from India shop. 
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Fig 3.4: Steel fiber 

Super Plasticizer 

Super plasticizer used is SP430. The company is  FOSROC.  

 

Fig 3.5: Super plasticizer   
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Fig 3.6: Flowchart  
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Table 3.1: Mix Design of M-30 
 

S.No Material Kg/m
3
 

1. Cement 381.58 

2. C.A (20mm) 798 

3. C.A (10mm) 400 

4. F.A 806.43 

5. Super Plasticizer 7.63 

6. Silica Fumes Varying 

7. Steel Fiber Varying 

8. Water 145 

9. W/C ratio 0.38 

 

 

 

 

Table 3.2: Mix design for cube of size 150x150x150mm 

Cement FA CA Super 

Plasticizer 

Water 

1.28 Kg 2.72 4.04 0.025 0.48 

1 2.12 3.15 0.019 0.37 
 
 
 

Table 3.3: Mix design for cube of size 150x150x750mm 

Cement FA CA Super 

Plasticizer 

Water 

6.43 Kg 13.6 20.21 0.12 2.44 

1 2.12 3.15 0.019 0.37 

 
 

Table 3.4: Mix design for cylinder of size 150 x 300 mm 

Cement FA CA Super 

Plasticizer 

Water 

2.02 Kg 4.27 6.34 0.04 0.76 

1 2.12 3.15 0.019 0.37 

 

SFRC and silica rage should be intended to keep up with strength and usefulness, the 

two of which are diminished by the expansion of filaments and silica exhaust, in some 

other kind of cement, contingent upon the particular blending conditions. 
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RESULTS AND DISCUSSION 
 

       Specimen Mixes (Slump Test) 

Table 4.1:  Height (Slump cone) 

 

 No. SF (%) Steel Fiber (%) Slump (mm) 

1. 0 0 58 

2. 3 0.3 54 

3. 6 0.6 51 

4. 9 0.9 48 

5. 12 1.2 43 

 
 
 

 
 

Figure 4.1: Slump Cone Height (in cm's) vs. Silica 

Fume % 

 

Slump depths of 30-50mm are recommended by the IRC. As seen in the graph 

above, the value of slump diminishes as the percentage of steel fibres increases since 

both silica fume and steel fibre limit workability. The super plasticizer was 

particularly effective in increasing workability while maintaining a consistent w/c 

ratio
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Compressive strength of sample cubes 

Calculations: 

Compressive strength tests values were as under: 

  Table 4.2: Compressive Strengths after 7 and 28 days o curing. 

 

Mix 

No. 

Silica 

fume 

(%) 

Steel fibers 

(%) 

7 Days(N/mm
2
) 28 Days(N/mm

2
) 

1 0 0 31.70 38.54 

2 3 0.3 35.82 39.54 

3 6 0.6 37.18 40.46 

4 9 0.9 38.78 42.29 

5 12 1.2 38.85 42.36 

 
 

 

                      Figure 4.2: Compressive strength vs. Silica fume % 

Concrete is very strong in compression; this makes it very important to understand 

the different ways in which compression strength of concrete can be improved. 

Concrete in structures is used to take the compressive load of the structure.  
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               Figure 4.3: Compressive strength vs. Steel fiber % 

Compressive tests were performed with silica fume percentages of 3%, 6%, 9%, and 

12%. First and foremost, there was a progressive expansion in compressive strength 

with expanding level of silica exhaust, however after 9%, there was practically no 

expansion in compressive strength. As per the review, there is an almost 9.8% 

increment in the compressive strength of cement with 9% silica exhaust and 0.9% 

steel filaments following 28 days of restoring when contrasted with plain cement 

without silica vapor and strands. 

Flexural Strength of sample Beams 

The Flexure strength was tested on specimen with dimensions 150x150x750 mm p 

samples. 

          Table 4.3: Flexural Strength results 7, 28, days of curing 

 

Mix No. Silica

Fume 

(%) 

Steel Fiber 

(%) 

Flexural Strength7 Days 

(MPa) 

Flexural Strength 28 Days 

(MPa) 

1 0 0 3.17 5.12 

2 3 0.3 4.19 6.28 

3 6 0.6 4.22 6.73 

4       9 0.9 4.46 7.18 

5 12 1.2 4.49 7.20 

31.7 
35.82 37.18 38.78 38.85 

38.54 
39.54 40.46 

42.29 42.36 

0

10

20

30

40

50

60

70

80

90

0 0.3 0.6 0.9 1.2

C
o

m
p

re
ss

iv
e 

st
re

n
gt

h
 in

 N
/m

m
2  

Perecentage of steel fiber 

Compressive strength
after 28 days

Compressive strength
after 7 days



   North Asian International Research Journal of Sciences, Engineering & I.T.  ISSN: 2454 - 7514 Vol. 8, Issue 9, Sep. 2022 
 

 
North Asian International research Journal consortiums www.nairjc.com 
 

 

 
                              Figure 4.4: Flexure strength vs. Silica fume % 

 

 

Figure 4.5: Flexure strength vs. Steel fiber % 

Flexure tests were performed with silica rage rates of 3%, 6%, 9%, and 12%. In the 

first place, there was a continuous expansion in Flexure strength with expanding level 

of silica exhaust, yet after 9%, the increment was practically irrelevant . As per the 

review, there is an almost 40.6% increment in the Flexural strength of cement with 

9% silica exhaust and 0.9% steel strands following 28 days of restoring when 

contrasted with plain cement without silica vapor and filaments. 
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Split Tensile Strength 

The test to check the Split Tensile strength was done with specimens with 

dimensions 150 x 300 mm cylinders as per ASTM 1018 standards. 

          Table 4.4: Split Tensile Strength results 7, 28, days of curing 

Mix No. Silica

Fume 

(%) 

Steel Fiber 

(%) 

Split Tensile Strength 7 

Days (MPa) 

Split Tensile Strength 28 

Days (MPa) 

1 0 0 2.97 4.93 

2 3 0.3 3.93 5.95 

3 6 0.6 4.04 6.21 

4       9 0.9 4.13 6.78 

5 12 1.2 4.22 6.92 

 

 

Figure 4.6: Split Tensile strength vs. Steel fiber % 

Split Tensile tests were performed using silica fume percentages of 3%, 6%, 9%, and 

12%. In the beginning, there was a progressive rise in Split Tensile strength with 

increasing proportion of silica fumes, but after 9%, the increase was essentially nil. 

2.97 

3.93 4.04 4.13 4.22 

4.93 

5.95 
6.21 

6.78 6.92 

0

2

4

6

8

10

12

0 3 6 9 12

Sp
lit

 T
en

si
le

 s
tr

en
gt

h
 in

 M
p

a 

Perecentage of silica fumes 

Flexure strength after
28 days

Flexure strength after 7
days



   North Asian International Research Journal of Sciences, Engineering & I.T.  ISSN: 2454 - 7514 Vol. 8, Issue 9, Sep. 2022 
 

 
North Asian International research Journal consortiums www.nairjc.com 
 

 

According to the study, there is a nearly 40.36% increase in the Split Tensile strength 

of concrete with 9% silica fumes and 0.9% steel fibres after 28 days of curing when 

compared to ordinary concrete without silica fumes and fibres. 

 

Figure 4.7: Split Tensile strength vs. Silica fumes % 

The Split Tensile Strength test is used to determine the tensile strength of concrete, 

which cannot be determined directly otherwise. This test is used to determine the 

tensile strength of a cylindrical specimen by applying a compressive force on it. 

Concrete is weaker under tension when its compressive and tensile strengths are 

compared. As a result, understanding the limits to which concrete can withstand 

tensile loads before failure is critical. 

 CONCLUSIONS 

1. From the test carried out and design following this can be concluded 

2. Compressive tests were performed with silica fume percentages as 3%,6%, 9% 

and 12% and steel fiber at 0.3%, 0.6%, 0.9%, 1.2%. In the beginning there was a 

gradual change in compressive strength with increasing percentage of silica fume 

and steel fiber but after 9 %, there was almost no increase in compressive 

strength. As a result, 9 % of silica fume with 0.9 % steel fiber is the maximum 

value that can be added  as a partial replacement  for cement  to achieve 

maximum compressive  strength.    

3 Because steel fibre and silica fumes reduce the workability of concrete, a 
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superplasticizer is necessary to preserve the w/c ratio. 

4 Flexure tests were performed with silica fume percentages of 3%, 6%, 9%, and 

12% and steel fibre percentages of 0.3%, 0.6%, 0.9%, and 1.2%. Initially, there 

was a rise in flexure strength as the proportion of Silica fume and steel fibre 

increased, but after 9%, there was only a modest improvement in compressive 

strength. As a result, 9% silica fume with 0.9% steel fibre is the highest dose that 

may be applied as a partial replacement for cement for maximum flexure strength. 

5 After 28 days of curing, the compressive strength of concrete containing 9% silica 

fumes and 0.9% steel fibres increases by over 40.6% when compared to plain 

concrete without silica fumes and fibres. 

6 After 28 days of curing, the Split Tensile strength of concrete containing 9% silica 

fumes and 0.9% steel fibres increases by over 40.36% when compared to ordinary 

concrete without silica fumes and fibres. 
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