
ISSN: 2455-2631                                                                © July 2021 IJSDR | Volume 6 Issue 7 

IJSDR2107032 www.ijsdr.orgInternational Journal of Scientific Development and Research (IJSDR)  200 

 

Strength Analysis of Steel Slag Concrete mixed with 

Partial Replacement of Silica Fume 
 

1Chirag, 2Abhishek Sharma 

 
1M.Tech. Scholar, 2Assistant Professor 

Civil Engineering Department 

Structural Engineering 

CBS Group of Institutions 

 

Abstract:  In contrast to conventional cement, the results of the tests show that silica rage concrete has higher compressive 

strength after 7 days, 14 days, and 28 days, indicating that it has higher compressive strength. It has been shown that 

increasing the duration of the silica dosage results in a greater degree of compressive quality (both 7,14 days and numerous 

days). When the duration of these paper tests exceeded ten percent, it was discovered that the compressive quality of Silica 

Fume had deteriorated. In Concrete, 10 percent is the optimum dosage, to put it another way. The concrete consolidation, 

on the other hand, reduced the utility of the concrete. Strength of the compressive strength increased with the dosage of 

silica fume up to a certain point where it was possible to replace cement with silica fume, and when the dosage was increased 

again after 10 percent, it indicated that the silica fume and concrete were submerged in their compressive quality. In any 

case, the link in concrete reduced the solid's ability to perform its job. Results of the tests have shown that as compared to 

conventional cement, silica rage concrete has improved compressive quality (both at 7 days and at 14 days as well as at 28 

days), while conventional cement has deteriorated compressive quality. Increasing the dosage of silica rage to the most 

extreme levels of concrete replacement by silica and seethe has been found to improve compressive quality (7, 14 days and 

several days), as has the extension of the duration of the experiment. When the tests were carried out for a longer period of 

time after the 10 percent dosage, it was discovered that the compressive quality of Silica Fume had deteriorated. 10 percent 

is the optimal combination dosage in Concrete in this case. The consolidation of the solid in concrete, on the other hand, 

reduced the usefulness of the solid. 
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I. INTRODUCTION 

The technical consultants and engineers use advanced organic additives and cement components to break past obstacles constantly 

to improve their performance. Currently, most concrete mixes contain extra cement resources not included in the concrete mixture 

cement component. These materials are generated in other industrial activities as a by-product. Cement may to a certain degree be 

substituted by SCM and the cement properties are maintained. This is the main advantage of SCM. 

 

Concrete 

Concrete is a mouldable material that is very robust and flexible and may be utilized in a number of applications. It is composed of 

cement, sand and aggregates, all of which are mixed with waters (such as gravel or crushed rock). Sand and aggregates are covered 

with the cement and water combination paste or gel. During the hydration phase, the cement reinforces and chemically links the 

whole mix to give structural strength. In most instances, the initial hardening reaction takes occur within a few hours. Concrete may 

take several weeks to reach its full hardness and strength. Concrete may continue to harden and gain strength for a long time. 

We have gone around and study the development of Portland cement, the key component in modern concrete and binding agent, to 

pursue our historical account of concrete. Vicinity Plymouth, Leeds engineer John Smeaton was commissioned to build the 3rd 

lighthouse, finished in 1756. The first wood-built light-house had burnt down, and the second wood-built, was materials develop 

settling mortar that could be utilized.  

During his experiments, he found that both South Wales burnt lime and Italian trass (volcano tuff) were acceptable for use. For 

more than two hundred years he had his lighthouse built up and in service, between 1759 until 1876 when it was shut down and 

rebuilt with the present building. It has been dismantled in book a Narrative of the Eddystone Lighthouse; Smeaton presented his 

research on mortar. 

In 1796, a patent was issued to Mr Parker of London on a cement process by use of the heating of, Massachusetts. It was made of 

combination contained (in calcium), which crushed that was more powerful used in the building industry. The term he gave was 

"Roman cement." A number of additional producers of comparable "natural" cements emerged around the beginning of the 19th 

century. 

In 1813, a bricklayer from Leeds, Joseph Aspdin (1788-1855) acquired it is that the book studies of was granted a "Portland Cement" 

patent. The calcination, mixing and slacking of terrain, mixture, down (a process called second burning), was traditionally created 

and the resultant clinker ultimately grinded to a thin powder. Gypsum has been used to prevent flash setting. His dry powder, 
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supplied in barrels, could easily be fast-paced utilized innovative build external surfaces to produce the appearance of Portland 

stone as it was called "Portland stone." designed mouldings ornamental components polished the product of his father into the 

cement of Portland which we now know. It enhanced the quantity of calcareous pulp (soft local crab) in the mixture and calcinated 

at a temperature significantly higher than before. 

Better manufacturing techniques (such as horizontal rotating ovens and ball mills) ensured sufficient product consistency by the 

end of the 19th century, enabling Portland to surpass cement and ultimately replace natural cement production.  

 

Fly Ash and Pozzolanic SC Material 
Fly ash is a by-product of coal combustion generated as a residue. Fly ash is typically gathered in the coal-fired power plant 

chimneys, of coal furnaces. Fly ash is one of America's most prevalent kinds of ash. The fly ash composition varies considerably 

depending on the source and composition of carbon, but all the fly ash includes substantial amount of silicon dioxide (SiO2) 

(amorphous as well as crystalline) and calcium oxide (CaO) (both amorphous and crystalline), respectively (CaO). Class F and 

Class C are the most often observed fly ash types. Because and one ton of current fly ash generates CO2 zero, it is thought that the 

replacement of Portland Zement by fly ash reduces the greenhouse gas emission "footprint" for concrete. The production of fresh 

fly ash, a combustion of coal, leads to approximately 20-30 tons of CO2 generated every ton of fly ash. As the worldwide production 

of Portland cement is expected to reach about 2 billion tons by 2010, a major portion of this cement is replaced by fly ash, which 

may lead to a significant decrease of carbon emissions from construction and infrastructure. It is used to replace Portland cement 

by mass in concrete mixtures concrete. Beton containing fly ash has demonstrated that in numerous laboratory and field tests, the 

findings of the research indicate pozzolanic reaction, its contribution to strength growth is only made in the latter, cement may 

enhance operability and at the same time decrease water requirements. 

 

1.2.3. Silica Fume and Pozzolanic Material. 

As a by-product, silica fume is generated during the reduction of high-purity quartz with coke in electric arc furnaces for the 

production of silicon and ferrosilicon alloys. When measured using nitrogen adsorption, silica fume consists of tiny particles with 

an area of 215,280 ft2/lb (20,000 m2/kg) which result in particles around one tenth of the typical cement particle size.  Silica fume 

is used to improve the properties of binding strength and abrasion resistance, etc. The mechanical enhancements that arise from 

adding mixture are thought to be the result of these advantages. The hydration rate of lime, C+S+H or C-S-H and etringit, among 

other things, is improved. A significant pozzolanic reaction was found between silica fume and water with the non-evaporable water 

falling at low water/binding rates between 90 and 550 days after the addition of silica fumes. The use of silica fume as a partial 

replacement to cement in the manufacture of high-strength concrete has received much attention over the last decade. 

 

1.3. STEEL SLAG: 

From contaminations steel, steel slag is produced, which process. may be used as an aggregate, for example, in certain projects. 

Steel aggregate is naturally expanding due to which may hydrate and expand under moisture. The possible expansion which is one 

of the reasons why steel slags are not used first of all building. already employed an more investigation is required to see whether 

or not this industrial waste may be more efficiently used in future aggregates represent the bulk of the concrete volume. The use of 

steel slag to replace all or part of natural aggregates would have natural aggregates, but it has drawbacks such as increasing water 

absorption and powerful alkals. As a consequence, it may be used as a rough aggregate in concrete if appropriately processed. If 

the aggregates are inadequate, the production of HSC may be impeded. Strong and marginal aggregates are extensively dispersed 

worldwide and there are concerns regarding the production of high-strength concrete at these sites.  

 

Steel Slag Concrete 

Stainless steel manufacturing [1][2]. For each ton of steel produced, steel production produces approximately 160 kg of steel slag 

[2]. Below are the chemicals frequently found in steel slag. The major. C3S is the richest mineral in steel slag. Many studies have 

demonstrated that steel slag may be utilized in a wide range of materials, including ceramics, roads and other goods [7–9]. While a 

considerable amount of steel slaughter is still stockpiled in some countries [10, 11], it is not fully used. 

Several studies [12–14] examined the use of steel slag powder as a mineral addition in concrete. is more workable than normal 

concrete [17], depending on the findings of these studies. In addition, both less severe containing no. In addition, the non-damping 

a harded single Steel slag powder has a detrimental influence, carbonation concrete [21-23]. The detrimental effect of steel slag 

powder on these characteristics should not lead to a very high cement replacement ratio demonstrated may, depending on the 

application, be used as a rough or fine concrete aggregate slack aggregates which is an important improvement. [28] because the 

slag in steel aggregate is denser. The concrete with a slag in steel has adequate compressive and bending strength [28–30], which 

is another benefit. An outstandingly strong and durable new kind of cement-based material. A typical UHPC composition comprises 

smokes, super plasticizing components resistant to compression ductility and good durability [31-35]. UHPC is sometimes referred 

to as ultra-high-performance concrete. UHPC uses high temperature curing, which is beneficial as it increases early are reported to 

be utilized in high performance computing [39–42]. [39–42]. However, just a few researchers have examined the usage of high-

performance steel slag. The article dealt ultra-high-efficiency as a mineral addition (UHPC). 

Beton is one of the most frequently used construction materials in today's construction sector. In construction, it is a universal 

(composite) construction material that may be used in many circumstances also benefits from. There is often structural concrete 

with the 0/4 mm being the most popular. The results of an experimental research concrete production, aggregates and combined 
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with two different types of binders, are given in this article. Portland cement CEM I 42,5N from Povaskácementáre, It was the first 

binder and the second type was H-CEMENT alkalized hybrid cement from Povaskácementare. The first kind was utilized.  The 

research [2] provides aggregates of up to 12,5 mm grain size and natural filler-calcareous concrete. [3] presents the conclusions of 

a research that used 60 percent steel scab the binder in under a pressure of 0.1 MPa in a CO2 environment. [4] In addition, we are 

familiar with study results in which steel slag is used asphalt as partial substitute. [5] discusses use of foundation and their strength 

properties. [6] discusses the ecotoxic properties of the concrete element that from a number of viewpoints performs an important 

role. Steel is currently mostly produced in oxygen converters and arc furnaces, and some steel in blast furnaces. 

 

The existence of steel slag ranges from about technique employed and a range of other factors, The chemical composition and the 

physical and mechanical properties of the resulting slag types vary considerably depending on the nature of the operation and its 

development. Steel slag, on the other hand, is not a simple oxide combination but rather. The following factors have to be taken 

into account when contemplating the usage of sector: 

 

• While in some applications, the costs slag transport, especially over long distances, are adversely affected. 

 

• Free concentration of CaO and MgO oxides in steel slag is associated with worse steel slag volumetric stability. With the presence 

of humidity, these free oxides may moisturize and gradually increase in volume, resulting in a slag disintegration. 

 

Silica Fume 

Silicium fumes are generated as a byproduct for the manufacture of silicon metal or ferrosilicon alloys. One of the best uses for 

silica fume is in concrete manufacturing. Due to its mix of chemical and physical properties, it is a highly reactive pozzolan. Silice 

concrete may have a very high strength and can endure for a very long period. Concrete admixture suppliers may supply silica 

fumes for use in concrete manufacture and, upon request, simply mix in during concrete production. The use of silica-fume concrete 

requires the concrete contractor to take special attention during the pouring, finishing and treatment process. 

For the production of silicon metal and alloys, electric furnaces, such as that shown in this picture, are utilized. The main basic 

resources are quartz, coal and woodchips. A silica fume collector gathers and sells the fireworks smoke instead of dumping it in the 

environment. Perhaps its most important application is the addition in primarily the poisonous silicone, measuring size on average 

a normal particle. a concrete because it has tiny particles, large areas and high SiO2 concentrations. provide specifications for the 

quality.  

 

High-strength concrete is a very economic material for carrying vertical loads in high-rise structures due to its high strength. thought 

a degree of concrete for many years. Compression-resistant concrete over may now by combining silica fume with water and sand. 

It was constructed on columns up to the 57th story of the structure on this page with a declared compressive strength of 12,000 

livres per square inch (psi). The most frequent cause of deterioration of concrete in the United States nowadays is corrosion induced 

by deicing salts or sea salts. It is extremely difficult to penetrate chloride ions through silica-smoking concrete with a low water 

content. New bridges are becoming more and more popular among transportation agencies, which increasingly incorporate silica 

fume in their concrete mix. It doesn't a, in order the necessary. SFA or major additive suppliers may be helped in selecting enhanced. 

For use in concrete, there are two different kinds of silica fume: wet and dry. The image says that it is frequently added to a concrete 

plant throughout the concrete production process. Plants for the manufacture of have built All components in the management of 

silica fumes are assisted and used to make consistent high-quality concrete in a timely way. The American Concrete Institute advises 

the supply, bathing, finishing and cure of silica-smoke concrete in line with the high standards specified in its publication.  

It is generally recognized that flatwork work flatwork. picture "one-pass" method concrete from poured, compacted in a single 

operation. To make the most of the correctly. specific provider assists one with inquiries or issues. A pozzolanic addition, silica 

fume, has been found to improve the 2). This becoming common the manufacture cost efficient high resistance and/or chemical-

resistant concrete in many parts of the world. Silicium fume was utilized throughout Canada to replace cement with regular solid 

concrete to reach the necessary compressive strength of 28 days. This was the case from the start of the concrete use of the material. 

It is currently used, depending on the purpose, in the form of produced cement or mixed cement. In Canada, two major cement 

producers are currently offering a kind of mixed cement called 10SFsilica-fume cement. Either the dosage is always lower than 10 

percent by weight of cement whether used directly in a concrete plant or in a blend with Portland cement. In fact, the A23.6 Canadian 

standard provides the greatest possible dosage of 10 percent (Isabelle 1986). Aitcin et al. 1985; Ryell and Bickley 1987) [9] have 

described cases where it has been used intentionally for different reasons, such as limiting potential reactions of alkalines and 

creating highly silicone metal synthesis by-product 30 to 100 times finer than the particle sized cement. Silicon oxide (Si02) is a 

substance that usually comprises over 90% of the silica fumes. Silica has three basic interacts generated when the cement is 

hydrated; it fills in holes for improved arrangement of the interparticle; and it may reinforce bonding and pasting between the 

aggregate. It forms a stronger cement complex, including most of the mineral’s calcium silicate hydrate and water, via interaction. 

This reaction reduces the pores alkaline in concrete, resulting in a lower the mixture. demonstrated that a concrete pores (pH > 13) 

environment is necessary to avoid corrosion of the implanted result the of how usage of may affect reinforcement in the future. In 

some instances, it was a cause of significant concern [6, especially if corrosion-related damage in concrete occurred]. improves the 

resistance of the concrete mixture. may boost the resilience of the material degradation. inhibits from entering of stainless steel. 

When the electrical resistance is raised, ionic conduction is diminished [6]. Due to the inclusion of pozzolans formulation and may 

always a question of whether such concretes are more susceptible to water treatment procedures than those made exclusively with 

Portland cement. In hot and dry weather, the concrete dries faster, possibly eliminating the necessary moisture development 

pozzolan may first healing. When [10]. external from corrosion, a treatment should be considered. The aim of this paper-force 
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fumetrates point shrinking and cure sensitivity, and to concrete with -cement [10]. Silica fume concrete is a combination of cement, 

fine gravel, silica fume and water used to produce a concrete mixture. Silica fume concrete has superior properties than regular 

concrete when new and hardened. It has, for instance, greater compressive and bending resistance than steel. The durability of this 

kind of concrete is larger containing more resistant to -free concrete. In comparison with ordinary concrete, the degree of separation 

and bleeding is low, stickier. A few of the buildings utilized for silica fume concrete include high-rises, car parking structures, dam 

structures, facilities, restructuring. 

 

Chemical Composition of Silica Fume Material   

 It is mostly comprised of silicone dioxide (more than 90 percent). 

 Carbon, sulfur, aluminum oxides, iron, calcium, magnesium, sodium, potassium and other components also constitute 

additional ingredients. 

 

Physical Properties of Silica Fume Material 

 Microns, depending on its dimensions. 

 Approximately 30 000 m2/kg surface area per kilogram. 

 Its density varies from 150 to 700kg/m3 and is best used as a concrete addition at a density of approximately 550kg/m3. 

 

Properties of Fresh Silica Fume Concrete 

• Then conventional concrete to obtain the same workability as ordinary concrete. 

• Lack of functionality 

• The probability minimal. 

• Cohesive texture of the mix. 

• Excessive  

 

Properties of Hardened Silica Fume Concrete 

It substantially enhanced in comparison to ordinary concrete (62 – 80 MPa). In a similar vein, the bending strength has also risen. 

Elasticity of the reinforced concrete modulus is considerably larger than the normal concrete modulus. 

 
Fig. Strength Development of Silica Fume Concrete 

 
Fig. Flexural Strength of Silica Fume Concrete 
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Durability 

• Because permeability limited, sulfate ions are likewise little penetrated into concrete. 

• Both abrasion and corrosion resistance in this material are extremely excellent. 

• The interaction between achieves increased. Expansion is produced by lime material reactions with other chemicals. 

Advantages 

• According to studies, both newly poured cured. 

• Helps to reduce bloodstream. Extremely durable. 

• The minimum quantity of bleeding. 

• Compressive strength that is high at an early stage 

• Elasticity that are extremely. 

• Outstanding  

• It is applications of bulk concrete because it minimizes thermal cracking. 

 

Disadvantages 

• An availability issue exists. 

• The price is exorbitant. 

 

II. MATERIALS AND METHODOLOGY 

Portland cement 

The cement used was TCI 43 grade commercially available. This cement meets IS: 8112-2013 standards for regular Portland cement 

of 43 degrees. 

 
Figure  1:Portland cement 
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Table 1: Test Results of Materials Used for Test 

 

 

 

 

 

Coarse Aggregates 

The coarse material used was crushed by the boulder. Two kinds of coarse aggregates were utilized, with nominal sizes of 20 mm 

and 10 mm. The specific weight of ground aggregates was 2.71. 

 
Figure 2:Coarse Aggregate 

 

Tests on Coarse Aggregates 

Sieve analysis 

The proportion between 80 and 4,75 mm is regarded to be rough aggregates and between 4,75 and 150 microns this fraction is 

classified as fine. After shaking, each sieve contains a percentage of the aggregate that is quieter and finer than the seven above. 
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You can manually or mechanically control it. During the manual procedure, the sieve is shaken to enable all particles to pass through 

the sheet in every conceivable direction. The procedure will continue until almost no particle moves. The sieve study illustrates the 

particle size distribution in an empirical sample. In this connection a notion called a fine module is utilized 

 

 
  Figure 3: Sieve Analysis 

 

Table 2: Gradation of Coarse Aggregate 

AVERAGE INDIVIDUAL GRADATION OF 20 mm Coarse Aggregates. 

AS PER IS:383-1970 

Source: Delhi      Proposed Use: Concrete Work. 

Total weight of sample: 5000 gms. 

IS Sieve size (mm) Materials Retained Retained % Passing IS Limit 

  
(gms) % 

Retained 

cumulative 
% 

  

40 0 0 0 100 100 

20 700 14 14 86 85-100 

10 3521 70.42 84.42 15.58 0-20 

4.25 681 13.62 98.04 1.96   0-5 

Pan 98 - - - - 

 

Table 1: Gradation of Coarse Aggregate 

Average individual gradation of 10mm Coarse Aggregates. 

AS PER IS: 383-1970 

Source: Delhi                                                        Proposed Use: Concrete Work                                                                                                                                 

Total weight of sample: 5000 gms. 

IS Sieve size (mm) 
Materials 

Retained 
Retained % Passing IS Limit 

  
(gms) % 

Retained 

cumulative 
% 

  

12.5 0 0 0 100 100 

10 374.5 7.49 7.49 92.51 85-100 

4.75 4050 81 88.49 11.51 0-20 

2.36 460 9.2 97.69 2.31 0-5 

Pan 115.5 - - - - 
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Fine Aggregates 

After sieve examination, the fine particles utilized in all mixtures were a natural sand consistent with classification type II. Its bulk 

gravity for SSD was 2.65 and its modulus of fineness varied from 2.9-3.2. 

 
Figure  4: Fine Aggregate 

 

III. RESULT AND FINDINGS 

Trial Results 

Table 4: Test Results 

Workability 

Slump value (mm) Compacting factor 

80 0.92 

Compressive strength 

7-day strength  Mpa 

Cube_1 26.9 

27.05  

Cube _2 26.45 

Cube _3 27.8 

Average compressive strength 27.05 

14-day strength  Mpa 

Cube_1 30.03 

30.89 

Cube_2 31.23 

Cube_3 31.43 

Average compressive strength 30.89 

28-day strength  Mpa 

Cube_1 36.2 

37.2  
Cube_2 37.3 

Cube_3 38.2 

Average compressive strength 37.2 
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Table 5: Trial Mix2 

Date of Casting: Feb -2020 

Grade of Concrete: M30. 

Target Mean Strength: 38.25 MPa. 

W/C Ratio: 0.45. 

20mm: 10mm-60:40. 

Description 
Cement 

(Kg) 

Sand 

(Kg) 

CA-

10mm 

(Kg) 

CA-

20mm 

(Kg) 

Water 

Silica 

Fume 

Dosage 

(kg) 

  

Standard Design per m3 415.88 674.17 459.16 688.74 197 5% 21.88 

Moisture Content - 6.31 2.12 1.79 - - 

- 

- 

- 

- 

- 

- 

- 

Water Absorption - 1.4 1.1 0.47 - 

% of Adjustment - 4.91 1.02 1.32 - 

Correction Required - 33.101 4.68 9.0913 46.87 

Corrected Quantity 415.88 707.27 463.84 697.83 150.72 21.88 

 

 
Figure 5: Compressive strength  

 
Figure 6: Compressive strength  
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Figure 7: Compressive Strength after 28 Days 

 
Figure 8: Workability for Trial Mixes 

 
IV. CONCLUSION AND SUGGESTION 

The strength of the compressive the dosage of silica fume to a certain limit of substitution of cement with silica fume, and when the dosage 

increased again after 10 percent, it indicated that silica Fume and concrete were submerged in their compressive quality. In any event, the 

connection in concrete decreased the solid's functionality. It has been shown by the test results that the compressive quality of silica rage 

concrete (both 7 days, 14 days and 28-day compressive strength) increases in contrast with the compressive quality of conventional cement. 

The compressive quality (both 7,14Days and several days) has been shown to be increasing by the expansion of the dosage of si lica rage 

to some furthest ranges of concrete replacement by silica and seethe. When the tests were further extended after 10%, it showed that the 

compressive quality of Silica Fume had plunged. 10% is the optimum combination dosage in Concrete along these lines. However,  the 

consolidation in concrete decreased the utility of the solid. 
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