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Abstract - The objective of this experimental investigation 

is to improve the mechanical characteristics and durability of 

concrete mixes by examining the synergistic impacts of silica 

fume and synthetic fibres. The goal of the research is to 

optimise the design of the concrete mix by methodically 

adjusting the amounts of synthetic fibres and silica fume. 

Because of its pozzolanic reactivity, silica fume is projected to 

boost the concrete's compressive strength and endurance, while 

synthetic fibres help to improve the material's tensile strength 

and resistance to cracking. Compressive strength, flexural 

strength, and durability evaluations are just a few of the 

demanding tests that are part of the experimental program to 

see how well various concrete combinations work. The goal of 

the research is to find the ideal ratio of silica fume to synthetic 

fibres so that strength and durability are balanced.The results 

of this study not only advance our basic knowledge of the 

interactions between silica fume and synthetic fibres in 

concrete, but they also provide engineers and other construction 

industry professionals with useful information for improving 

the performance of concrete in practical applications. 
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1.INTRODUCTION  

 
In the building sector, concrete is crucial. It serves as the 

structure's key.Concrete has been used for binding and 

supporting purposes in building since ancient times, although its 

composition and components have evolved over time. Lime and 

moor ish dirt were once utilised as mortar in building 

projects.The use of concrete is increasing with time. The 

building industry is growing at an accelerated rate every day. 

The strength of concrete varies among materials. Early on, the 

strength lacked a distinct character in contrast to now. Now a 

days we preferring more on strength. Many scientists ,engineers 

working on to improve more strength in less period of time. 

World developing in every aspects. many research institutions 

focusing on the reuse and recycle. Concrete is considerably best 

thing to reuse materials in it for check its compatibility in 

strength and durability parameters.Innovation of huge 

development of platforms of reuse and recycle and  expanded 

utilization of material. This present conditions prompted the 

utilization of substitution of substance materials to enhance the 

nature of concrete and its properties. As a result of the analysis 

and looks into bond based solid which meets unique execution 

as for workability, quality and strength. Utilization of high 

strength concrete in development segment, has expanded 

because of its enhanced mechanical properties contrasted with 

standard concrete. 

At present days irrespective of country we able to see G+5 , 

G+10,G+15,G+30 etc.. high strength and superior concrete are 

in effect majorly utilizing everywhere throughout the world. 

Most utilizations of high strength concrete have been in high 

raised structures& skyscrapers long spans and in some unique 

applications in structures. In created not only nations but also 

countries, utilizing high strength concrete as a part of structures 

today would bring about both specialized and practical 

preferred standpoint. In high-strength concrete , it is important 

to lessen the water/bond proportion and which all in all expands 

the concrete substance. To overcome low workability issue, 

various types of pozzolanic mineral admixtures (fly, rice 

husk,baggacy likeashes remains, useful up to some percentage 

of replacement ,and other type of substance, admixtures are 

utilized to accomplish the required workability. In the present 

test examination, the  durable properties of concrete of 

evaluations M15,M20,M25, at 28 and 56 ,90days trademark 

quality with various supplanting levels of concrete with silica 

fume and manufactured fiber are considered 

 

FIBERS 

Researchers are looking at synthetic fibres in great detail to 

improve on naturally occurring plant and animal fibres. 

Synthetic fibres are created by stretching fibre framing 

materials via spinnerets into air and water, forming a string, 

after the researchers discovered favourable findings. Prior to 

the development of tailored strands, falsely manufactured 

fibres were formed with polymers obtained from petroleum-

based compounds. We refer to these threads as natural or 

synthetic fibres. Some strands consist of cellulose derived from 

plants. Synthetic fibers are produced using incorporated 

polymers or little atoms. The intensifies that are utilized to 

make these strands originate from crude materials, for example, 

petroleumbased chemicals or petrochemicals. These materials 

are polymerized into a long, straight compound that bond two 

nearby carbon particles. Contrasting substance mixes will be 

utilized to create distinctive sorts of strands. In generally fibers 

have tangles nature. 

                Synthetic fibers represent about portion of all fiber 

utilization, with applications in each field of fiber and material 

innovation.fiber materials gives stability and stiffness nature. 

Albeit numerous classes of fiber in light of engineered 

polymers have been assessed as possibly important business 

items, four of them - nylon, polyester, acrylic and polyolefin - 
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overwhelm the business sector. These four record for roughly 

98 percent by volume of engineered fiber generation, with 

polyester alone representing around 60 percent.  

There are a few methods for gathering manufactured strands 

yet the most well-known is the Melt-Spinning Process. It 

includes warming the fiber until it starts to liquefy, then you 

should draw out the melt with tweezers as fast as could 

reasonably be expected. The following stride would be to draw 

the atoms by adjusting them in a parallel course of action. This 

unites the strands and permits them to solidify and situate. 

Finally, is Heat-Setting. This uses warmth to pervade the 

shape/measurements of the fabrics produced using heat-touchy 

strands. 

Prior to a thorough examination of fibres, fibres were used in 

concrete to prevent splitting due to drying and plastic 

shrinkage. Furthermore, they reduce the concrete's capacity to 

penetrate, which reduces water seepage. Certain types of 

filaments give cement greater notable resistance to impact, 

abrasion, and shattering. Filaments, for the most part, cannot 

replace moment-resisting or supplemental steel support since 

they do not increase the flexural strength of cement. 

Undoubtedly, a few filaments significantly lower the cement's 

quality.  

The measure of strands added to a solid blend is communicated 

as a rate of the aggregate volume of the composite (cement and 

filaments), termed "volume portion" (Vf). Vf normally goes 

from 0.1 to 3%. The viewpoint proportion (l/d) is computed by 

partitioning fiber length (l) by its breadth (d). Filaments with a 

non-roundabout cross segment utilize a proportional distance 

across for the computation of viewpoint proportion. On the off 

chance that the fiber's modulus of versatility is higher than the 

network (concrete or mortar folio), they convey the heap by 

expanding the rigidity of the material. Expanding the 

perspective proportion of the fiber more often than not 

fragments the flexural strength and toughness of the 

framework. Be that as it may, filaments that are too long tend 

to "ball" in the blend and make workability issues.  

                         Some late research demonstrated that utilizing 

strands as a part of concrete has constrained impact on the 

effect resistance of the materials This finding is critical since 

generally, individuals imagine that malleability increments 

when concrete is fortified with fibers. The outcomes 

additionally showed that the utilization of smaller scale fibers 

offers better effect imperviousness to that of longer strands.  

               The High Speed 1 burrow linings 

consolidatedconcrete containing 1 kg/m³ of polypropylene 

strands, of width 18 and 32 μm, giving the advantages noted 

beneath.  

                          With respect to asphalts, the most common use 

for FRC is at toll squares where nonmetallic strands are utilized 

as a part of lieu of metallic fortification since they can upset 

electronic toll per user signals. 

 

Advantages  

Synthetic fibres are more tough than most common fibers and 

will promptly get different colours. Also, numerous synthetic 

fibres offer shopper satisfying capacities, for example, 

extending, waterproofing and stain resistance. Daylight, 

dampness, and oils from human skin cause all strands to split 

down and wear away. Common strands have a tendency to be 

considerably more delicate than engineered mixes. This is for 

the most part since normal items are biodegradable. Common 

fibres powerless to larval creepy crawly infestation. 

Manufactured filaments(fibres) are not a decent nourishment 

hotspot for fabric-harming creepy crawlies. Fibers naturally 

contains good bond strength. It can give much more strength to 

the substance which it collide with. Fibers also use for 

elevations it gives more elegant looks and many states like 

kerala they use coconut fibers , banana fibers etc..  for many 

auspicious purpose. Even many people prefer houses also in 

fiber framed houses. 

Disadvantages  

Most of synthetic fibers' disadvantages are related to their low 

melting temperature: 

• Synthetic strands don't smolder more promptly than 

regular.  

• Prone to warmth harm. Dissolve moderately 

effortlessly. 

• More electrostatic charge is created by rubbing than 

with characteristic strands. 

• Non-biodegradable in contrast with characteristic 

strands 

Common synthetic fibers  

• Nylon (1931) 

• Modacrylic (1949) 

• Olefin (1949) 

• Polyester (1953) 

Specialty synthetic fibers  

• Vinyon (1939) 

• Saran (1941) 

• Vinalon (1939) 

• Rayon (1894) artificial silk 

• Modal (1960's) 

• PBI (Polybenzimidazole fiber) (1983) 

• Dyneema/Spectra (1979) 

• M-5 (PIPD fiber) 

• Orlon 

• Sulfar (1983) 

• Zylon (PBO fiber) 

• Vectran (TLCP fiber) made from Vectra LCP polymer 

• Lyocell (1992) (artificial, not synthetic) 

  

SILICA FUME 

 

Microsilica, often known as silica fume, is an unidentified 

(non-crystalline) polymorph of silica, or silicon dioxide. It is an 

ultrafine powder made up of circular particles with a typical 

molecular distance of 150 nm that is collected as a byproduct 

of the synthesis of silicon and ferrosilicon compounds. The 

main application is as a pozzolanic ingredient for premium 

concrete.  

Sometimes it is confused with fumed silica, which is also 

known as pyrogenic silica (CAS number 112945-52-5). That 

being said, seethed silica differs from silica fume in terms of its 

production process, molecular properties, and applications. 

Usage in concrete 

In view of its excellent fineness and high silica content, silica 

fumeis an extrodinary viable pozzolanic material,Standard 

determinations for silica fume utilized as a part of cementitious 

blends are ASTM C1240, EN 13263.  

 Micro Silica is added to concrete to enhance its mechanical 

properties, specifically its compressive strength, bond strength, 

and abrasion resistance. These changes stem from both the 

mechanical upgrades coming about because of expansion of a 

fine powder to the concrete glue blend and in addition from the 
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pozzolanic responses between the silica fume and free calcium 

hydroxide in the mix.  

Expansion of silica fume additionally decreases the 

permeability of concrete tochloride particles, which shields the 

strengthening reinforcement of concrete from corrosion, 

particularly in chloride-rich situations, for example, waterfront 

districts and those of damp continental roadways and runways 

(in light of the utilization of dicing salts) and saltwater bridges. 

Slag cements generally prefer in water contacting places to 

retain the structure for long time. In example piles lying in 

water bridge construction.  

Preceding the mid-1970s, most of micro silica dumped in 

environment. After ecological concerns required the gathering 

and landfilling of silica fume, it turned out to be monetarily 

suitable to utilize silica fume in different applications, 

specifically superior concrete. Effects of silica fume on various 

properties of crisp and solidified cement incorporate. 

a) Workability: As silica fume expands, its growth causes a 

drop in fortune over time that precisely corresponds to an 

increase in silica fume content. This is because the expansion 

of silica fume presents a large surface range in the solid mix. 

Even when the dip becomes less noticeable, the mixture doesn't 

lose its strength.  

b) Segregation and bleeding: Silica fury primarily reduces 

draining because the free water is consumed in saturating the 

large surface area of the silica smoulder, which in turn reduces 

the amount of free water that remains in the mixture for 

draining. Additionally, silica fume blocks the pores in the 

newly formed solid, preventing water from rising to the top. 

 

2. EXPERIMENTAL INVESTIGATION 

 
MATERIALS 

 

In the sphere of building, materials are crucial.In order to get the 

optimal mix of strength and durability for concrete, a wide 

variety of materials are used. Due to a lack of resources, 

extensive study is being conducted on various material origins 

to determine alternatives for fine and coarse materials. The 

components needed to make conventional concrete (CC) and 

concrete based on coal washery rejects (CWR) are covered in 

the sections that follow. This section presents the constituent 

materials' physical and chemical characteristics. 

 

Cement 

 Ordinary Portland Cement 53 grade (ACC) was used 

corresponding to  IS 12269 (2015). The chemical properties of 

the cement as obtained by the manufacturer are presented  

Table 1. Chemical composition of cement 

 

Table 2 Physical Properties of Cement 

 
 

Coarse aggregate 
As CA, crushed granite stones with a particle size of 10 and 20 

mm are utilised. According to IS 2386 (Part III, 1963), the bulk 

specific gravity in an oven dry state and the water absorption of 

CA10 mm and 20 mm are 0.3% and 2.6, respectively. 20 mm 

aggregate has a bulk density, impact strength, and crushing 

strength of 1579 kg/m3, 17.5%, and 22.3%, respectively. The 

coarse aggregate gradation, as per IS 383 (1970), was 

ascertained using sieve analysis and is displayed in Tables 3.3 

and 3.4. The coarse aggregate grading curves, as per IS 383 

(1970) . 

 

Table 3. Sieve analysis of 20 mm coarse aggregate  

 

 

Particulars 
Test 

result 

Requirement as per    IS:12269-

1987 

Chemical Composition   

%  of Silica(SiO2) 18.17  

%of  Alumina(Al2O3) 5.61  

% of Iron Oxide(Fe2O3) 4.61  

% of Lime(CaO) 61.59  

% of Magnesia(MgO) 0.79 Not more Than 6.0% 

% ofSulphuric Anhydride (SO3) 2.36 
Max. 3.0% when C3A>5.0 

Max. 2.5% when C3A<5.0 

% of Chloride content 0.004 Max. 0.1% 

Lime Saturation Factor 

CaO-

0.7SO3/2.8SiO2+1.2Al2O3+0.65Fe2O3 

0.91 0.80 to 1.02 

Ratio of Alumina/Iron Oxide 1.22 Min. 0.66 

 

Physical properties 
Test 

result 
Test method/ Remarks 

Requirement as 

per IS 12269 

(1987) 

Specific gravity 3.05 IS 4031(1988) – part 11 - 

Fineness (m2/Kg) 309.5 Manufacturer data Min.225 m2/kg 

Normal consistency 30% IS 4031 (1988)- part 4 - 

Initial setting time (min) 30  IS 4031 (1988)- part 5 Min. 30 min 

Final setting time (min) 225 IS 4031 (1988)- part 5 Max. 600 min 

Soundness 

Lechatelier Expansion (mm) 

Autoclave Expansion (%) 

 

0.8 

0.01 

  

Compressive strength (MPa) 

3 days 

7 days 

28 days 

 

 

23 

35 

54 

 

IS 4031 (1988)- part 6 

 

 

27 MPa 

37 MPa 

53 MPa 

 

Sieve size 
Cumulative percent passing 

20 mm IS 383 (1970) limits 

20 mm 100 85-100 

16 mm 56.16 N/A 

12.5 mm 22.22 N/A 

10 mm 5.26 0-20 

4.75 mm 0 0-5 
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Table 4. Sieve analysis of 10 mm coarse aggregate 

 
Fig. 1 Grading curve of 20 mm coarse aggregate 

 
 

Fig -1: Particle size distribution curve 

 
Fig.2 Grading curve of 10 mm coarse aggregate 

Fine aggregate 

 Natural river sand is used as fine aggregate. The bulk 

specific gravity in oven dry condition and water absorption of 

the sand as per IS 2386 (Part III, 1963) are 2.6 and 1% 

respectively. The gradation of the sand was determined by 

sieve analysis as per IS 383 (1970) and presented in the Table 

3.5. The grading curve of the fine aggregate as per IS 383 

(1970) is shown in Fig. 3.3. Fineness modulus of sand is 2.26. 

Table 5. Sieve analysis of fine aggregate 

 

 

Fig. 3 Grading curve of fine aggregate 

Concrete Slump Test 

The concrete slump test is utilized for the estimation 

of a property of new concrete. The test is an exact 

test that measures the workability of new concrete. 

All the more particularly, it gauges consistency 

between clumps. The test is famous because of the 

effortlessness of device utilized and basic strategy. 

 

 

Sieve size 
Cumulative percent passing 

10 mm IS 383 (1970) limits 

10 mm 99.58 85-100 

4.75 mm 8.46 0-20 

2.36 mm 2.1 0-5 
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3.RESULTS AND DISCUSSION 

The test results are presented and discussed. The test results 

cover the strength properties of concrete using cement is 

replaced with silica fume and synthetic fibers are added to  the 

concrete as in amount of (0%, 20%, 30%, 40% ).The strength 

and fresh concrete test include compressive, splitting tensile 

and flexural strength, v-funnel ,L-Shape, slump cone test of 

concrete at different curing periods. The compressive strength 

values tested at 7,28,56,90 days of curing , flexure strength, 

spilt tensile strength values of concrete mixes were measured 

after 28 and 56 days of curing.  

Mechanical properties of copper slag based concrete 

This section discusses the mechanical properties of both CC 

(SF AND SYF_0) and SF AND SYF based concrete mixes at 

different curing periods. 

Compressive strength 

Table 4 shows the compressive strength values of concrete with 

silica fume and synthetic fibers. 

 

M1-(silica fume(SF) 0% and synthetic fiber (SYF)0%), 

M2 –(SF 5% and SYF 5%),  

M3-(SF 10% and SYF 10%) 

M4-(SF20% and SYF20%) 

M5-(SF 35%and SYF40%) 

M6-(SF40% and SYF40%) 

 

Fig 4  Compressive strength results 

 

 

4.2 Splitting tensile strength 

Table shows that the split tensile strength 

values of concrete partially replaced with silica fume 

and addition of synthetic fibers . 

Table 6 Split tensile strength 

 

 

Fig 5 Splitting tensile strength 

Flexural strength  

Table shows that the flexural strength values of the 

concrete replaced with silica fume and adding of 

synthetic fibers at different mix proportions  

            Table 7 flexural strength 

        MIX 28days 56 days  

          M1 4.58 5.42 

          M2 4.57 5.38 

          M3 4.96 5.71 

          M4 3.79 4.45 

          M5 3.30 3.92 

          M6 3.24 3.68 

        MIX  7days  28days 56 days  90 days  

          M1 26.56 34.28 36.66 38.54 

          M2 27.97 36.73 37.16 38.98 

          M3 29.13 38.10 39.15 41.36 

          M4 29.57 39.46 41.89 43.25 

          M5 25.18 32.26 34.47 35.52 

          M6 22.19 29.75 29.36 30.26 
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Funnel flow test  

Table shows that the results of the v-funnel flow test 

,the results of the fresh concrete mix 

From the results it is note that the values of 

the v-funnel flow test passing ability of the 

conventional concrete Is high when compared with 

the concrete added with the silica fume and synthetic 

fiber. 

 The conventional concrete time is calculates 

in seconds as 9 and the concrete with silica fume and 

synthetic fibers are gradually decreases. 

 

 

Fig 6 v funnel graph 

Slump cone test  

 Table shows that the results of the slump cone test 

conducted on the concretemix to determine the 

workability of the concrete. 

Table 8 slump cone test results 

 

 

Fig 7 slump cone graph 

4. CONCLUSIONS 

 
 The compression strength of the concrete increases 

with increase in the silica fume and synthetic fibers up to 

replacement and adding 20 % after that the values compressive 

strength decreases gradually. 

 The flexure strength of the concrete is increased up to 

10 % replacement of silica fume and adding of the synthetic 

fiber when compared with conventional concrete. 

 The splitting tensile values are also increases up to 10 

% replacements and after that gradually decreases. 

 The tests made on the fresh concrete results shows that 

the workability of the concrete increases with increase in silica 

and synthetic fiber. 

 Passing ability of concrete with silica fume is low 

when compared with conventional concrete. 

 Compact ability of the concrete with silica fume and 

synthetic fiber is more better when compared with normal 

concrete. 
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