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Abstract— The environmental awareness and stern 

regulations on managing industrial waste, the world is 

increasingly turning to researching properties of industrial 

wastes and finding solutions on using their valuable 

component parts so that those might be used as secondary 

raw material for other industrial applications. Silica-fume is 

the bi- product of the ferrosilicon alloy production and Fly-

ash is by-product of coal thermal power plants. To date, 

these by-products are being used in other industrial area and 

in the field of civil industries, such as in cement production 

along with clinker and in masonry work for civil works. 

Considering the specificity of physical and chemical 

properties of fly-ash and silica-fume and a series of 

possibilities for their use in concrete, this research work 

demonstrates the possibilities of using fly-ash and silica-

fume together as partial replacements of cement in concrete. 

This research work presents an investigation of compressive 

strength and flexural strength of concrete by adding silica-

fume and Fly-ash as partial replacement of cement in 

various percentages for M40 grade of concrete in rigid 

pavement construction. 

Keywords: Silica, Fly-Ash, Cement, Aggregate, Organic 

Waste 

I. INTRODUCTION 

In building industry and pavement design control, concrete 

is a most widely used material. Cement is used as a basic 

building component in construction works of civil 

engineering. By investigation and research from many 

researchers, it was found that every year, on an average 

there is 1-Ton of concrete produced for an individual 

person. Therefore, Concrete (i.e. cement) is a significant and 

valuable material in manufacturing works. It was found that, 

India is the second largest cement producer country in this 

word. Indian cement industry also has a significant and a 

vital role in its economic growth. In past decades, the 

manufacture rate of cement has grown rapidly all over the 

world. Fresh concrete is mixed with fresh materials which 

can be molded into various types of shapes that can harden 

the constructed job as a rock like material. Hardening of the 

produced job is a result of chemical reaction of cements and 

water that lasts for a long duration of time and leads stronger 

with age. Concrete is a multicomponent and multistate 

material which contains particles of coarse aggregate 

(approximated 0.01 to 2mm in diameter), kept in a cement 

paste binder, a multi-phase suspension of cement and filler 

(0.1 micrometer – 100 micrometer) mixed with water. 

Cement paste is most important component of concrete and 

it is composed of several phases. It is composed of 

cementitious material, coarse aggregate, fine aggregate, 

water and sometimes admixtures in required proportion. 

Cement is widely used in concrete. 

A. Supplementary cementations material (Admixture) 

Recently for the safety of environmental pollution 

researcher use sub graded by-products of industrial wastes 

have been used as supplementary cementitious material 

(SCMs) like fly-ash, ground granulated blast furnace slag, 

silica-fume, etc. for control and regulation of environment. 

Supplementary cementitious materials are used in concrete 

construction for prevention from pollution and it also 

enhances concrete’s properties in fresh and hydrated states. 

B. Ground granulated blast furnace slag 

The molten iron slag that is a by-product of steam or water 

blast furnace being used for the production of iron and steel 

is converted into GGBS or GGBFS by the process of 

quenching. After quenching the product, we will have glassy 

granular product that is then dried and grounded into fine 

powder. The GGBFS thus obtained has main utilization like 

cementitious material in Portland cement concretes, mainly 

in form of mineral admixtures or as components of blended 

cement. GGBFS can account for 35-65% of cement in 

Portland concrete. 

C. Fly-ash   

A by-product of the thermal power plant industry fly-ash is 

generally of two types one is the coal ash that is captured 

from coal-fired power plant’s chimneys and second one is 

bottom ash which is collected from bottom of the coal 

furnaces. Its main constituents are silicon dioxide (SiO2) 

(amorphous as well as crystalline also) and calcium oxide 

(CaO). Class F and Class C are two main classes of the fly-

ash. The utilization of fly-ash in concrete production was 

mainly performed to remove the Greenhouse gases of the 

concrete as one tone of Portland cement produces one tone 

of CO2 while zero CO2 is being produced by the fly-ash. 

D. Silica-fume  

By using nitrogen adsorption technique the surface area of 

silica-fumes arises to be in the order of 215,280 ft²/lbs 

(20,000 m²/kg), with the average size of the particle is 

hundredth size of cement. Silica-fume is considered to be 

one of the most effective pozzolanic materials because of its 

high silica content and extreme fineness. The use of silica-

fumes tends to increase the bond strength, compressive 

strength, and abrasion resistance of the concrete. 

E. Steel slag 

Steel-slag is obtained as a by-product from impurities of 

steel making furnace, during the separation of molten steel. 

This is being used as aggregates in concrete. These 

aggregates tend to expand in humid environment due the 

presence of magnesium oxides and free lime. As natural 

steel-slag is more expansive, therefore it is not used as 

aggregate in concrete manufacturing industry. Nowadays it 

is being used as an aggregate in hot mix asphalt surface 
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usage but only after determining feasibility of this industrial 

by-product.  

II. LITERATURE REVIEW 

Concrete cement mixture used for industrial application has 

been viewed as a hot topic for research since the beginning 

of its evolution. Beams and columns made of Concrete 

cement mixture are generally known for their compressive 

strength. 

[Nochaiya et al. (2013)] studied about the 

properties of Portland cement and utilization of silica-fume 

incorporated with fly-ash. They investigated the setting 

time, compressive strength, normal consistency, and 

workability of the system. They prepare the mixture by 

replacing with various proportions of fly-ash (5%, 10%, 

25% and 30% by weight) and silica-fume (2.5%, 5%, 10% 

by weight) as an additive material.  

[Halit et al. (2008)] studied about the mechanical 

properties and physical properties by replacing the cement 

by fly-ash (Class C) with proportions varying from 30% to 

60%. They investigated about the compressive strength, 

splitting tensile strength, modulus of elasticity, freeze-thaw 

resistance, chloride ion penetration. From the study he found 

that with the 10% addition of silica-fume in the system 

affects the hardened and fresh properties of high volume of 

fly-ash SCC.  

[Thomas et al. (2017)] studied about the concrete 

durability containing ternary blend of PC (Portland cement). 

They found that a combination of very small amount of 

silica-fume typically from 3%-6% and slightly higher 

amount of fly-ash of CaO typically 20%-30% can 

effectively reduce the expansion because of ASR and 

produces a sulphate resistance with greater amount. They 

conducted the diffusion test which decides that with ternary 

cementitious blended produced concrete possess higher 

resistance for chloride ion s penetration.  

[Wong et al. (2018)] Concrete mixture of cement 

and water with low and high volume of fly-ash was prepared 

and investigated . The concrete was prepared with or 

without addition of silica-fumes keeping the presence of 

remaining mixture in the concrete. In the investigation it 

was found that fly-ash improved the post peak compressive 

behavior substantially. In context low and high volume fly-

ash content has different signs. Low fly-ash improved the 

tensile strength while high fly-ash improves lower tensile 

strength.  

[H. A Mohamed. (2015)] Experimental test was 

carried out by for self-compacting cement. Cement concrete 

was casted by varying the percentage of silica-fumes and 

fly-ash. The specimens were cured for 28 days and 7 days in 

both water and air. Results show that 15% of fly-ash shows 

better result than 30% fly-ash content for the compressive 

strength. Among all the curing process, water curing for 28 

days gives the highest value of compressive strength.  

[Langan et al. (2011)] Hydration test of Portland 

concrete cement was carried out by with the varying percent 

of silica-fumes and fly-ash. Results show that addition of 

silica-fumes accelerate the hydration for higher water 

concentration and decelerate for lower water concentration. 

Adding fly-ash and silica-fumes together with the cement 

leads to deceleration of hydration together with hampering 

of reactivity.  

[Popovics. (2016)] Mortar with fly-ash and silica-

fumes with maximum percentage of 30% was investigated 

by It was found that strength and workability increases. 

Fruitful result for ultra-sonic velocity test was also noticed 

in the study. 

III. PROBLEM IDENTIFICATION 

Based on the literature conducted it was realized that 

previous research done on concrete mixtures has focused 

primarily on optimizing the hydrologic properties of 

concrete mixes. 

1) Previous studies conducted on concrete are lacking 

with regards to different properties of concrete. 

2) No work has been carried out using local materials as 

a substitute in production of concrete for various 

structure. 

3) Studies are lacking with regards to addressing 

environmental problems of various industrial waste 

such as rice mills and their byproducts 

IV. OBJECTIVES 

In this thesis, the results of various components of 

concrete on its compressive strength are investigated. 

1) To find the optimum mix design with regards to the 

amount of water, cement, fly-ash   silica-fume, coarse 

and fine aggregate. 

2) To investigate the physical properties of fly-ash 

silica-fume particles – density (lightweight) (bending 

and compression), water absorption and moisture 

content. 

3) Proper utilization of by product such as fly-ash   

silica-fume for construction 

4) Techno economic feasibility of using developed 

concrete. 

V. METHODOLOGY 

A. General 

The present chapter deals with the presentation of results 

obtained from various tests conducted on material used for 

the concrete. To investigate effects of silica-fumes and fly-

ash on flexural and compressive strength of concrete was 

planned in order to fulfil the objectives of present study. 

B. Test procedure 

The experimental program included the following: 

 Testing the properties of materials used for making 

concrete.  

 Casting and curing of cubes of dimension 150×150×150 

mm for compressive strength and beam of dimension 

500×100×100 mm for flexural strength.   

 Tests to determine the compressive strength and 

flexural strength of concrete. 

The Experimental work is carried out in three stages: 

1) Preparation of sample Mixing 

The main objective of the mixing is to coat all the aggregate 

particles with cement paste with a uniform layer. The 

mixing operation should be in rotation way or stirring way. 
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Mixing is depending upon on the type and size of mixture so 

that all the ingredients mixed in proper way. Mixing time 

should be not more 3 minutes.  

2) Compaction 

Compaction is used to remove air void and fully compact 

the concrete sample. In this dissertation work, vibrating 

table is being used for compaction purpose. The table is 

supported on coiled spring and housing the eccentric is fitted 

below the table top. The table is 1000 mm × 1000 mm in 

size and has a contraption to prevent the moulds from 

sliding away during vibration. The capacity of vibration 

table is 100 kg load.  

 
Fig. 1: Vibrating table 

3) Curing 

Curing of concrete is carried out keeping the samples in the 

curing tank. The concrete samples were carefully removed 

from the mould and immersed into the clean water at the 

room temperature. Sample is then carried out after specified 

days for testing. 

 
Fig. 2: Curing tank 

 
Fig. 3: Blend of cement, silica-fume & fly-ash 

Sr. No. Mix type 
Components (%) 

Cement Fly-ash Silica-fume 

1 CM 100 - - 

2 5FA 95 5 - 

3 10FA 90 10 - 

4 15FA 85 15 - 

5 20FA 80 20 - 

6 25FA 75 25 - 

7 30FA 70 30 - 

8 5SF 95 - 5 

9 10SF 90 - 10 

10 5FA5SF 90 5 5 

11 5FA10SF 85 5 10 

12 10FA5SF 85 10 5 

13 10FA10SF 80 10 10 

14 15FA5SF 80 15 5 

15 15FA10SF 75 15 10 

16 20FA5SF 75 20 5 

17 20FA10SF 70 20 10 

18 25FA5SF 70 25 5 

19 25FA10SF 65 25 10 

20 30FA5SF 65 30 5 

21 30FA10SF 60 30 10 

Table 1: Percentage of cement, fly-ash and silica-fume in 

the concrete 

C. Materials 

The properties of material used for making concrete mix are 

determined in laboratory as per relevant code and practice. 

Different materials used in present study were cement, 

coarse aggregate, fine aggregate, silica-fume and fly-ash. 

The main objective is to study several properties of material 

which are used so that an engineer is enabled to plan a 

particular strength for a concrete and for checking the 

appearance with codal requirements.  

D. Cement 

Cement is a material that has cohesive and adhesive 

properties in the presence of water. Such cements are called 

hydraulic cements. These consist primarily of silicates and 

aluminates of lime obtained from limestone and clay. 

Ordinary port land cement (OPC) is the basic Portland 

cement and is best suited for use in general concrete 

construction.  

E. Ordinary Portland cement 

Although all materials that go into concrete mix are 

essential, cement is very often the most important because it 

is usually the delicate link in the chain. The first function of 

cement is to bind the stone and sand together and the second 

function is that the voids in between stone and sand particles 

are filled up by cement to form a compact mass.  

Sr. 

No. 
Characteristics 

Values Obtained 

Experimentally 

Values 

Specified By 

IS 8112:1989 

1 Fineness (%) 4 10 

2. Specific Gravity 3.15 - 

3. 
Standard 

Consistency (%) 
31 - 

4. Initial Setting 149 30 
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Time (minutes) (minimum) 

5. 
Final Setting 

Time (minutes) 
311 

600 

(maximum) 

6. 

Compressive 

Strength 

(N/mm2) 28 days 

47.6 
43 

(minimum) 

Table 2: Properties of OPC 43 grade 

F. Aggregates 

Aggregates constitute the bulk of a concrete mixture and 

give dimensional stability to concrete. To increase the 

density of resulting mix, the aggregates are frequently used 

in two or more sizes. The cement paste is assist by fine 

aggregate to hold the coarse aggregate particles in 

suspension.  

1) Coarse aggregates:  

The aggregate which is retained over IS Sieve 4.75 mm is 

termed as coarse aggregate. The coarse aggregates may be 

of following types:-  

1) Crushed graves or stone obtained by crushing of gravel 

or hard stone.  

2) Uncrushed gravel or stone resulting from the natural 

disintegration of rocks.  

3) Partially crushed gravel obtained as product of blending 

of above two types.  

Sr. No. Parameter Result 

1 Specific Gravity 2.75 

2 Water Absorption (%) 0.6 

3 Aggregate Impact Value (%) 18.57 

4 Aggregate Crushing Value (%) 22.54 

5 Aggregate Abrasion Value (%) 29.90 

6 Flakiness Index (%) 06 

7 Elongation Index (%) 05 

Table 3: Properties of course aggregate 

2) Fine aggregates:  

The aggregate passing through the IS sieve 4.75 mm called 

fine aggregate. Fine aggregate is natural sand, crushed stone 

and the crushed gravel sand.  

Sr. No. Parameters Result 

1 Specific Gravity 2.67 

2 Water Absorption (%) 1.42 

3 Bulk Density (gm/cc) 1.853 

4 Fineness Modulus 3.46 

Table 4: Properties of fine aggregate 

G. Fly-ash  

A by-product of the thermal power plant industry fly-ash is 

generally of two types one is the coal ash that is captured 

from coal-fired power plant’s chimneys and second one is 

bottom ash which is collected from bottom of the coal 

furnaces. Its main constituents are silicon dioxide (SiO2) 

(amorphous as well as crystalline also) and calcium oxide 

(CaO). Class F and Class C are two main classes of the fly-

ash.  

Characteristics Value 

Specific gravity 2.20 

Bulk density(kg/m3) 400 

Color Gray 

Table 5: Physical properties of fly-ash [from supplier] 

 
Fig. 4: Fly-ash 

H. Silica-fume 

While the production of ferrosilicon alloys or silicon in 

electric arc furnaces that used to reduce high quality quartz 

with coke, silica-fume is obtained as a by-product. By using 

nitrogen adsorption technique the surface area of silica-

fumes arises to be in the order of 215,280 ft²/lbs (20,000 

m²/kg), with the average size of the particle is hundredth 

size of cement. Silica-fume is considered to be one of the 

most effective pozzolanic materials because of its high silica 

content and extreme fineness. The use of silica-fumes tends 

to increase the bond strength, compressive strength, and 

abrasion resistance of the concrete.  

Characteristics Value 

Specific gravity 2.30 

Bulk density (kg/m3) 300 

Colour Gray 

Specific Surface Area (m2/kg) 20000 

Table 6: Physical properties of silica-fume [from supplier] 

Constituents Percent 

SiO2 92.00 

Al2O3 0.50 

MgO 1.20 

Fe2O3 1.00 

CaO 0.60 

Na2O 0.70 

K2O 0.90 

C 1.0 

S 0.5 

Table 7: Chemical composition of silica-fume [from 

supplier] 

 
Fig. 5: Silica-fume 
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I. Superplasticizer: 

There are two types of admixtures i.e. Mineral admixtures 

and Chemical admixtures. 

1) Mineral admixtures: 

 Silica-fume 

 Ground granulated blast furnace slag 

 Rice husk ash 

 Fly-ash 

2) Chemical admixture: 

 Accelerating admixture 

 Retarding admixture 

 Water-reducing admixture 

 Air entering admixture 

 Super- plasticizing admixture 

 
Fig. 6: Superplasticizer admixture 

J. Scanning electron microscope (SEM) 

It is a type of electron microscope that produces images of a 

sample by scanning the surface with a focused beam 

of electrons. The electrons interact with atoms in the sample, 

producing various signals that contain information about the 

sample's surface topography and composition. The electron 

beam is scanned in a raster scan pattern, and the beam's 

position is combined with the detected signal to produce an 

image. SEM can achieve resolution better than 1 nanometer. 

Specimens can be observed in high vacuum in conventional 

SEM, or in low vacuum or wet conditions in variable 

pressure or environmental SEM, and at a wide range of 

cryogenic or elevated temperature with specialized 

instruments.  

 

Fig. 7: SEM testing machine 

VI. CONCLUSION 

 Compressive strength of fly-ash modifies concrete 

decreases when 30% of cement is replaced by fly-ash.  

 Compressive strength of fly-ash modifies concrete 

increases when 20% of cement is replaced by fly-ash. 

and give 5% increase in strength as compare to control 

mix. 

 There is a trend of increase in strength up to 20% and 

the decrease in fly-ash modify concrete mixtures 

 There is an increase in strength of M-40 grade of 

concrete when 30% cement is replaced with 20% fly-

ash and 10% silica-fume as compared with control mix. 

and give 14% increase in strength. 

 Also silica-fume modify concrete upto 10% give 

increase strength as compare to control mix. 

 Flexural strength of fly-ash modifies concrete decreases 

when 30% of cement is replaced by fly-ash. 

 Flexural strength of concrete with 20% of fly-ash gives 

24% increase in strength as compare to control mix. 

 There is a trend of increase in strength up to 20% and 

the decrease in fly-ash modify concrete mixtures. 
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