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  Abstract 

When silicon and ferrosilicon alloys are manufactured, silica fume is a byproduct. It is 
an essential mineral admixture in the concrete industry, mostly due to its capacity to 
enhance the durability and mechanical properties of concrete. This study examines 
how silica fume affects concrete of M20 grade. Three percentages—5%, 10%, and 
15%—of the cement are substituted with silica fume. Concrete specimens are exam-
ined for workability and compressive strength. Tests are conducted 7, 14, and 28 days 
after cure At the substitution levels utilised, silica fume is ultrafine in size, and without a 

superplasticizer, the concrete matrix would be too rigid to work with. According to the 

experiment's findings, the best compressive strength values were obtained at a 10% 

substitution level. Concrete made with silica fumes has a great chance of becoming 

high-performance concrete. 
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1. Introduction 

In recent years, the construction industry has placed a greater emphasis on materials that promote sustainable building prac-

tices and improve structural performance. Because it outperforms regular concrete in all significant performance criteria, 

such as strength and durability, high-performance concrete is a fundamental component of modern infrastructure [1, 2, 3].  
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    The object's durability significantly improves as its length rises. Among the many options available, silica fume has lately 

drawn the attention of the building industry as a significant mineral additive for high-performance concrete. This substance, 

which is produced as a byproduct of the manufacturing of silicon metal and ferrosilicon alloys, has remarkable qualities that 

make it ideal for use in concrete. 

    Because of their large specific surface areas, amorphous silicon dioxide particles in silica fume—a byproduct of the 

manufacturing of silicon and ferrosilicon alloys—allow cementitious concrete matrices to reach densities and strengths that 

are higher than those of conventional portland cement mixes [1,4,5]. The primary binding agent in concrete is calcium silicate 

hydrate (C-S-H), which is created when silica fume interacts with calcium hydroxide (Ca(OH)2), a result of portland cement 

hydration. Strength and density levels of portland cement concrete mixes that incorporate silica fume are higher than those 

of comparable combinations without silica fume. The next section shows that this combination is resistant to a variety of ex-

treme climatic conditions and performs well mechanically [6,7]. 

    It has been demonstrated that adding silica fume to concrete mixtures increases their resistance to environmental dete-

rioration. Research indicates that silica fume enhancers can decrease water absorption and chloride ion penetration while 

fending off sulphate assault and carbonation [3, 6, 9, 10].  

    These characteristics are especially crucial for structures located in maritime, industrial, or de-icing salt settings. By 

adding durability and enhancing recycled aggregate concrete's long-term performance, silica fume permits waste materials 

to be reused while preserving structural integrity [5]. When combined with other materials, such as fibers or nano-silica, the 

silica fume's synergistic effects further enhance the mechanical qualities and durability [4, 8, 12]. 

    The effects of silica fume on strengthening the binding between reinforcement bars and concrete have also been stud-

ied. Increased load transfer and improved structure behavior are the results of improved adhesion at the steel-concrete in-

terface. High-strength and precast concrete applications require this [6, 14]. A more even distribution of stress and reduced 

fracture propagation are made possible by the small particle size material, which fills the empty space surrounding the rein-

forcement bars [15, 16].  

    Furthermore, silica fume has a significant favorable impact on pore structure or porosity, which lowers permeability and 

helps the HPC operate better during chemical ingress and freeze-thaw cycles [11, 15]. These advantages are crucial for ex-

tending the lifespan of concrete structures in cold areas and protecting them from chemical attack. 

Last but not least, silica fume in concrete helps to increase ductility, energy absorption, and post-cracking behavior when 

employed in a fiber-reinforced concrete system, according to experimental studies taking into account the dynamic and im-

pact behavior of concrete [12, 19]. For infrastructure that is experiencing seismic loads or blast effects, this kind of concrete 

can be quite helpful. 

    Although silica fume has shown advantages in a variety of performance metrics, researchers have also addressed issues 

with application and testing. To precisely evaluate the tensile characteristics and fracture behavior of silica fume concrete 

composites, better testing techniques have been put forth [18, 20]. The actual mechanical performance of sophisticated ce-

mentitious materials is better captured because to these advancements in characterisation techniques. 

    Research indicates that silica fume is a very effective mineral admixture for creating HPC with enhanced resilience to 

environmental and chemical assaults, low permeability, and high strength. Because of its adaptability and compatibility with 

various supplemental cementitious materials and fibers, it is a valuable ingredient for the creation of long-lasting and sus-

tainable concrete structures [1–20]. Because of the technological advancements being used by the construction industry to 

push the boundaries of design, we may anticipate a growth in the use of silica fume. This will only strengthen the function of 

silica fume in producing concrete systems that are both high-performing and eco-friendly. 

2. Experimental Methodology 
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2.1. Experimental plan  

In order to assess the influence of silica fume on the compressive strength of concrete, an organized experimental scheme 

was implemented, as documented in reference [6]. The study involved a thorough examination of the components, including 

cement, fine and coarse aggregates, water, silica fume, and specimens of cured concrete. The investigation focused on com-

pressive strength metrics, which were analyzed both with and without the substitution of silica fume at intervals of 7, 14, and 

28 days following the curing process. 

2.2. Materials  

Choosing high-quality materials is essential to getting the desired concrete strength. Optimal performance is ensured by 

careful mixing, putting, compacting, and curing procedures, precise water measurement, and proper grading [7]. To guaran-

tee conformity, every material was inspected in accordance with accepted codes. Avoid combining unit abbreviations and full 

spellings. 

Cement 

    The usage of Ordinary Portland Cement (OPC) grade of 43 complied with IS 8112-1989 requirements. On its basis of 

strength improvement during a 28-day period, OPC is categorised into grades 33, 43, and 53 [8]. In the hydration process 

with silica fume, OPC is the main binding agent and is essential. 

Table 1: Concrete properties for OPC 43 grade  

S. No. Characteristics Value aquired 

1 Specific gravity 3.15 

2 Standard consistency (%) 33 

3 Initial setting time 105 (minutes) 

4 Final setting time 430 (minutes) 

Silica Fume 

    A highly reactive pozzolanic substance conforming to ASTM C1240, silica fume enhances concrete properties by refining 

pore structure, reducing permeability, and increasing strength [9]. 

Fine Aggregate 

    For concrete to be workable and to fill in the spaces between coarse particles, fine aggregates are essential. They can be 

produced artificially (crushed stone sand) or naturally (river sand). Fine aggregates are divided into four grading zones ac-

cording to IS: 383-1970, which is based on the distribution of particle sizes [10]. Uniformity in the mix design was achieved by 

using locally sourced river sand that meets grading zone II specifications. This choice ensures consistency in quality and per-

formance during the testing phase.The assessment followed the guidelines of IS: 383-1970, focusing on critical physical at-

tributes such as specific gravity and fineness modulus. These tests ensure that the chosen materials meet the necessary 

standards for reliable application. 

Table 2. Values and Characteristics Fine Aggregate 

Properties  Value 

Specific gravity  2.34 

Bulk modulus 1.3 

Fineness modulus  2.62 

Water absorption  0.88 
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Coarse Aggregate: 

    Coarse Aggregate: Coarse aggregates provide structural stability, accounting for nearly 75% of the concrete volume. 

These aggregates, larger than 4.75 mm, can be sourced from crushed rock, naturally disintegrated gravel, or a combination of 

both. Typically, the maximum aggregate size ranges between 10 mm and 20 mm, though sizes up to 40 mm may be used in 

special applications like concrete that compacts itself [6]. Crushed stone that was locally supplied and had a nominal size 

maximum upto 20 mm is used in the investigation. Before being used, the aggregates were surface-dried and cleaned to get 

rid of contaminants. Specific gravity, water absorption, and sieve analysis tests were performed in accordance with IS: 

383-1970 to guarantee adherence to quality requirements [3]. 

Table 3. Values and Characteristics Coarse Aggregate 

Characteristics  Values  

Colour Grey  

Shape  20mm 

Size  Angular  

Specific gravity 2.74 

Superplasticizer: 

    Due to the ultrafine particles of silica fume, a high-performance polycarboxylate ether-based superplasticizer was in-

troduced to offset this increased water demand [5]. The use of the admixture allowed for better workability at a constant 

water cement weight ratio to ensure that the concrete maintain appropriate flow and ease of placement while minimizing 

the effects on strength development. 

Water: 

    Quality significantly influences cement hydration and concrete properties. The use of potable water free from impurities, 

salts, and organic matter is crucial for obtaining optimal results [2]. IS 456:2000 standards were followed to ensure the water 

used in mixing met the required specifications. 

2.3. Mix Proportion 

The M20 concrete mix was designed with water-to-cement ratio of 0.45, with silica fume used as a partial replacement for 

cement at weight percentages of 5%, 10% and 15%. Therefore, modifications to the mix proportions were required to main-

tain workability and achieve the requisite compressive strength. 

2.4. Casting and Curing 

Concrete cubes measuring 15 cm x 15 cm x 15 cm were cast and cured in water for 7, 14, and 28 days. A total of thirty-six 

cubes were cast. After 24 hours the cubes were unformed and placed in a curing tank to diminish the effects of hydration. 

2.5. Test method 

Slump test: 

    It provide workability of the concrete.  

Compressive strength test: 

    It is conducted with the help of IS 516:1959 on 7, 14, and 28 days. 
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3. Results and Discussion 

3.1. Workability 

This test for slump , which gauges consistency and flowability of concrete, it is used in the workability of fresh concrete. Wa-

ter requirement increased as a result of silica fume's tiny particle size. However, maintaining appropriate workability levels 

was made easier by the use of a superplasticizer. The below table displays the values of slump for various silica fume re-

placement levels: 

Table 4. Results analysis of slump test 

Silica Fume Replacement (%) Slump Value(mm) 

0% (control) 85 

5% 75 

10% 65 

15% 55 

 

 

 

 

 

 

 

 

Graph 1. Graphical analysis of slump test 

    The extensive surface area of silica fume leads to reduced workability shown by lower slump values as its content in-

creases. The 15% replacement mix showed the least amount of slump, requiring the application of a superplasticizer to keep 

the flowability intact. This pattern supports the significance of admixtures in silica fume-modified concrete and is consistent 

with earlier research findings [7]. 

3.2. Compressive Strength  

According to the test results, compressive strength increased at a 10% replacement level, but at a 15% replacement level, 

excessive silica fume induced densification and decreased hydration, resulting in a reduction.  

    The table below displays the compressive strength data at 7, 14, and 28 days: 

Table 5. Results analysis of Compressive Strength test 

Silica Fume Replacement (%) Compressive Strength at 7th 
day (MPa) 

Compressive Strength at 
14th day (MPa) 

 Compressive Strength 
at 28th day (MPa) 
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0% (Control) 21.5 24.8 28 

5% 23.8 27.5 30.5 

10% 26.2 30.1 34 

15% 24.1 28 31.2 

 

 

 

 

 

 

 

 

 

 

 

Graph 2. Graphical evaluation for Compressive Strength test at 7th day 
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Graph 3. Graphical evaluation for Compressive Strength test at 14th day 

 

 

 

 

 

 

 

 

 

 

 

 

Graph 4. Graphical evaluation of Compressive Strength test for 28th day 

3.3. Workability and Durability Considerations 

Silica fume's ultrafine particle size, which raises water demand, has a substantial impact on workability. This problem was 

lessened by adding a superplasticizer, which kept the concrete mix's flowability sufficient [9]. The requirement for wa-

ter-reducing admixtures was further supported by workability tests, such as the slump test, which showed a drop in slump 

values as the silica fume content increased [10].  

Regarding durability, silica fume helps to improve resistance to chloride penetration, sulfate assaults, and reduced permea-

bility. Because of these qualities, it is a good option for buildings that are subjected to harsh environmental conditions, such 

industrial areas and coastal environments [6]. 

3.4. Discussion 

The results of the experiment show that silica fume improves the mechanical properties and durability of the concrete. The 

pozzolanic process increases compressive strength and decreases porosity by refining the microstructure. The optimal re-

placement level needs to be carefully selected to strike a balance between workability and strength development [2]. The 

findings showed that the 10% replacement level was the most effective, offering the highest compressive strength across all 

curing durations. This is consistent with results from other studies that found that the optimal range for strength improve-

ment was silica fume replacement between 8% and 12% [3]. 



M. S. khan, A. Siddiqui  

 

 

ISSN (Online) : 2583-0619 8 
Journal of Mechanical and Construction Engineering 

(JMCE) 
A2Z Journals 

 

 

    Furthermore, durability considerations suggest that silica fume would be particularly beneficial for high-performance 

applications. Because of its reduced permeability and enhanced resistance to severe conditions, silica fume-modified con-

crete is a desirable choice for infrastructure projects requiring a long service life and minimal maintenance [4].  

 

Conclusion 

This study emphasises how silica fume improves high-performance concrete, especially in terms of durability and its strength. 

The following are some important findings from the experimental program:  

1. Compressive strength is increased when silica fume is substituted for cement; at 7, 14, and 28 days, a 10% substitu-

tion yields the greatest strength increase. 

2. Silica fume refines the microstructure, leading to reduced porosity and enhanced durability characteristics. 

3.  Superplasticizers use is necessary to support workability because of the increased demand for water. 

4. Higher silica fume content beyond 10% may lead to diminished workability and minor reductions in compressive 

strength due to excessive fineness and increased water demand. 

    Based on these findings, the use of silica fume is highly recommended for applications requiring enhanced strength and 

durability. Future studies may focus on optimizing mix designs with additional supplementary cementitious materials or fiber 

reinforcement to further enhance performance. 
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