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Abstract— Rapid increase in construction activities leads to 

active shortage of conventional construction materials due to 

various reasons. Concrete is most widely used construction 

material. Cement, sand and granite stone are the constituents 

of the concrete. Researches were searching for cheaper & 

eco-friendly materials as a cement replacement. Because the 

manufacture of cement is leading to the pollution in large 

amounts (CO2 emissions are 0.8-1.3 ton & SO2 emission is 

also very high). It was found that fly ash, industrial waste & 

silica fume (SF) can be used as partial substitute for cement 

and also these materials are produced in large extent as 

waste materials. 
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I. INTRODUCTION 

A. Present Study 

The environmental aspects involved in the production and 

use of cement, concrete and other building materials are of 

growing importance. CO2 emissions are 0.8-1.3 ton of 

cement production in dry process & SO2 emission is also 

very high. Substitution of waste materials will conserve 

resources and will avoid the environmental and ecological 

damages caused by quarrying and exploitation of the raw 

materials for making cement. To some extent, it will help to 

solve the problem by partial replacement of portland cement 

by slag, fly ash, silica fume, rice husk ash and natural rock 

minerals etc. Partial replacement by natural materials that 

require little or no processing, such as pozzolans, calcined 

clays, etc. saves energy and decreases emission of gases. 

The output waste materials suitable as cement replacement 

(slag, fly ashes, silica fumes, rice husk ash, etc.) are more 

than double that of cement production. 

During the last three decades, great strides have 

been taken in improving the performance of concrete as a 

construction material. Particularly Silica Fume (SF) and fly 

ash individually or in combination are indispensable in 

production of high strength concrete for practical 

application. The use of silica fume as a pozzolana has 

increased worldwide attention over the recent years because 

when properly used it as certain percent, it can enhance 

various properties of concrete both in the fresh as well as in 

hardened states like cohesiveness, strength, permeability and 

durability. Silica fume concrete may be appropriate in places 

where high abrasion resistance and low permeability are of 

utmost importance or where very high cohesive mixes are 

required to avoid segregation and bleeding. 

B. Silica Fume: 

Silica fume is also known as micro silica, condensed silica 

fume, volatized silica or silica dust. The American concrete 

institute (ACI) defines silica fume as a „„very fine 

noncrystalline silica produced in electric arc furnaces as a 

byproduct of production of elemental silicon or alloys 

containing silicon‟‟. It is usually a grey colored powder, 

somewhat similar to Portland cement or some fly ashes. It 

can exhibit both pozzolanic and cementitious properties. 

C. Fly Ash 

Fly ash is an industrial waste and a material of pozzolanic 

characteristic occurring due to burning the pulverized coal 

in the thermal power plants. In the construction sector, the 

fly ash is used in the production of cement as an additive-

material, in production of concrete instead of some of the 

cement or instead of some of the fine aggregate, as a base 

and sub-base material in highway construction, as a filling 

material in dams, in retaining walls. 

D. Objective of the Study 

The aim of this study is not only to make the less cost of 

construction, but also to provide a good quality concrete by 

replacing cement with a waste material but super pozzolanic 

silica fume & fly ash. And to study the compaction factor, 

strength and workability of silica fume & fly ash concrete, 

through an experimental investigation. 

E. Scope of Work 

The scope of the study is restricted to the following aspects. 

1) The workability & compressive strength of silica 

fume & fly ash concrete of different grade of M25 

& M35 with water to cement ratio 0.50 & 0.45 

respectively have been investigated by testing 

cubes casted of 15cm x 15cm x 15 cm. 

2) Different grade of M25 & M35, the replacement 

levels cement by silica fume as 0%, 5%, 10%, 

15%, 20% & fly ash 10% constant for standard 

sizes cubes for testing. 

II. LITERATURE SURVEY 

A. Introduction to Concrete: 

Concrete is the most widely used construction material in 

the world, and its rise to this position has played a major 

part in the shaping of civilization from as long ago as 7000 

BC. The Coliseums, Rome AD82 – The foundations of the 

largest and most important amphitheatre in Rome were 

made of dense concrete, while light concrete was used in 

some of the arches and vaults. 

        Concrete is a building material composed of 

cement, crushed rock or gravel, sand and water, often with 

chemical admixtures and other materials. It was known to 

the Romans, the Egyptians and to even earlier Neolithic 

civilizations. After the collapse of the Roman Empire its 

secrets were almost lost, only to be rediscovered in more 

recent times. Indeed its modern development spans no more 

than 175 years – 1824 is the date on the patent for the 

manufacturer of the first Portland cement, one of the most 

important milestones in concrete‟s history. 
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B. Sources and Characteristics of Silica Fume & Fly Ash: 

Silica fume is an artificial pozzolanic material, produced by 

the reduction of high quality quartz with coal in an electric 

arc furnace in the manufacture of silicon or ferro silicon 

alloy. 

Silica fume is, when collected, an ultrafine powder 

having the following basic properties: 

1) It contains at least 85% SiO2. 

2) Mean particle size between 0.1 and 0.2 micron.  

3) Minimum specific surface of 15000 m2/kg 

Spherical particle shape. 

Fly ash is waste product obtained by burning of coal 

from thermal power plant. 

Class C & class F types fly ash are to be used. 

C. Practical Considerations Approaches to Mix Design: 

SF & FA are to be used in concrete in two ways: 

1) As an addition (generally 8–15% by mass of cement), 

to enhance properties of the fresh and/or hardened 

concrete 

2) As a partial cement replacement (5–10% by mass of 

cement) to maintain the 28-day compressive strength at 

lower cement content (with associated environmental 

benefits) while reducing the heat of hydration, and 

improving durability. 

SF is more reactive than other supplementary materials such 

as fly ash and ground granulated blast furnace slag. The 

amounts of SF added to concrete to give high strength and 

chemical resistance are typically in the range 5–15% by 

mass of cement. Steel or polymer fibers can be added to the 

mix to reduce the drying shrinkage or to improve resistance 

to impact or abrasion. Low water/cement ratio „triple blend‟ 

concretes are increasingly produced for applications in 

aggressive environments. The slower reacting fly ash 

reduces the peak heat of hydration and the SF gives higher 

early strength. 

D. Batching and Mixing: 

How silica fume & fly ash are added to the fresh concrete 

depends on whether it is being used in powder or slurry 

form. For powder, correct timing of addition is crucial and 

should be in accordance with the manufacturer‟s instructions 

or agreed method statements. Failure to do this could result 

in silica fume forming „balls‟, inadequate dispersion, and 

build‑up of cementitious material in the ready-mixed truck. 

Addition of slurry is more straightforward. In a wet batch 

plant, silica fume slurry can be added directly into the pan 

mixer, preferably at the same time as the mixing water. One 

of the best addition methods involves adding silica fume & 

fly ash through a water weigher/loading sock. The time at 

which the addition is made can depend on the target 

consistence or slump of the concrete. Because of the better 

cohesion of silica fume & fly ash concretes, slump is not the 

most appropriate means of judging their consistence, since 

at equal slump more energy needs to be applied to produce a 

given flow. 

E. Placing and Pumpability: 

Silica fume & fly ash concretes have improved cohesion, 

finishing characteristics and pumpability, and bleed and 

segregation are reduced compared to conventional 

concretes. Even small amounts (2–5% by mass of cement) 

of silica fume  & fly ash added to a concrete designed for 

pumping are sufficient to act as a pumping aid due to the 

„ball bearing effect‟ of the very fine spherical particles, 

giving very good pumping characteristics. Larger amounts 

(up to 15%) also improve these characteristics. 

F. Curing: 

SF & FA concrete must be cured in accordance with good 

site practice in spite of the fact that bleed water does not 

form on its surface. Curing can start earlier as there is no 

need to wait for bleed water to dissipate. 

G. Fresh Concrete Properties: 

1) Increased cohesion 

2) Reduced bleeding 

3) Can increase speed of build. Light vehicle traffic 

often possible by 24 hours, formwork can be 

stripped earlier 

4) Appropriate temperature control to ensure that the 

benefits of rapid strength gain are realized. 

H. Hardened Concrete Properties: 

As the concrete hardens, the chemical action of the silica 

fume & fly ash takes over from the physical effects. At a 

microscopic level, the formation of C-S-H during the 

pozzolanic reaction of the silica fume & fly ash bridges the 

gaps between cement grains and aggregate particles, 

increases the strength and reduces the permeability by 

densifying the matrix of the concrete. The combination of 

physical and chemical effects means that silica fume & fly 

ash concrete is very homogeneous and dense. The properties 

of the paste/aggregate interface are also improved. Setting 

times are generally similar to plain cement concretes. 

       However, silica fume & fly ash concrete is very 

sensitive to temperature variations during hardening and the 

rate of strength gain will be slow at low temperatures and 

much faster at higher temperatures. 

       The drying shrinkage of silica fume & fly ash 

concrete is similar to that of conventional concrete. 

However, due to its reduced rate of drying, shrinkage occurs 

more slowly. This means that the observed shrinkage in tests 

will be less in silica fume & fly ash concrete than in normal 

concrete 

I. Performance and Durability Data for Concrete: 

The chemical resistance and durability of silica fume & fly 

ash concrete are the result of its very low permeability. 

Impermeable materials resist the ingress of water, gases, salt 

solutions and aggressive liquids. Drying shrinkage is also 

typically reduced. However, as with all concretes, proper 

attention to design, quality control and curing are paramount 

to ensure that these benefits are achieved. Silica fume & fly 

ash concretes can achieve specific requirements for 50 and 

100 year design lives. 

J. Abrasion and Impact Resistance 

Silica fume & fly ash concretes have greater resistance to 

abrasion and impact than conventional concretes. In 

particular, high strength silica fume & fly ash concretes 

show greatly improved resistance to abrasion and erosion. 

Studies of the stilling basin to the Kinzua dam, Pennsylvania 

and laboratory tests have indicated improved performance 

against abrasion and impact with SF & FA replacements up 
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to 20%. The basin was built in 1967 and experienced severe 

abrasion-erosion damage. It was repaired in 1974 with a 

steel fiber non-SF concrete. Further extensive repairs were 

made in 1983 (using a 90 N/mm2 high performance SF & 

FA concrete). Anecdotal evidence from inspections in 2008 

has indicated very little damage. 

K. Design Consideration for Silica Fume & Fly Ash 

Concrete: 

Conventional concrete Mix as reference for specified grade 

of concrete, without silica fume & fly ash were first 

designed by standard procedures. The mix was then 

modified by partial replacement of cement with both silica 

fume & fly ash as 5%, 10%, 15% & 20% .And for water 

cement ratios also as 0.5 & 0.45 for the mix coarse 

aggregate are 60% of 20mm & 40% of 20mm down size. 

And the fine aggregate passing through 4.75mm IS sieve. 

Then with the above mix data the concrete mix is prepared 

& the cubes are casted. These cubes are tested for 3,7 Days 

& 28 Days Strength‟s. 

III. EXPERIMENTAL INVESTIGATIONS 

A. Introduction 

This chapter deals with the experimental investigation, 

which includes the details of tests conducted to study the 

various physical properties such as workability & 

compressive strength. 

B. Materials: 

1) Cement: 

Cement used in this project is “43 Grade” which is available 

under the commercial name “Vasavidatta Cement”. 

2) Sand: 

From River sand. The materials smaller than 4.75 mm size 

is called fine aggregate. Natural sands are generally used as 

fine aggregate. Sand may be obtained from pits, rivers, lakes 

and sea shore. When obtained from pits, it should be washed 

to free it from clay & silt. The fine aggregate passing 

through IS sieve no. 4.75 mm & of Fineness Modulus as 2.4 

have been used in this project. 

3) Silica Fume: 

From Oriental trexim Ltd, Admn Off: Oriental trexim Ltd,  

Vashi, Navi Mumbai, INDIA – 400709. 

4) Fly Ash:  

From Raichur Thermal Power Plant, Karnataka,  

INDIA – 400709. 

5) Coarse Aggregate:  

From nearby quarry. The material should be passing through 

20 mm sieve & retained on 4.75 mm sieve is termed as 

Coarse Aggregate. Crushed stone & natural gravel are the 

common materials used as coarse aggregate for concrete. 

6) Tests Conducted 

1) Workability by slump Test 

2) Compressive strength test 

C. Specimen and Mix Proportions: 

Silica fume & Fly ash Concrete cubes of 15cm x 15cm x 15 

cm size with varying mix proportions of silica fume, Fly ash 

& cement ratio and constant water cement ratio of 0.5 and 

0.45 were cast in the lab. A total of 90 cube specimens were 

casted & tested in the laboratory. 

Design of M25 concrete mix as per IS: 10262-2009 

MIX PROPORTIONS: -1:1.89:2.88 

Cement                  = 383 kg/m³ 

Water                     = 191.6 kg/m³ 

Fine aggregate        = 727 kg/m³ 

Coarse aggregates  = 1103 kg/m³ 

Water cement ratio = 0.50 

 

Design of M35 concrete mix as per IS: 10262-2009 

MIX PROPORTIONS: -1:1.70:2.70 

Cement                   = 413 kg/m³ 

Water                     = 186 kg/m³ 

Fine aggregate       = 706 kg/m³ 

Coarse aggregates = 1117 kg/m³ 

Water cement ratio = 0.45 

Sl No. Types of concrete Grade 

Cement : 

SF & FA 

Ratio 

Proportions 

Mix ratio 
W/C ratio 

1 Conventional concrete M25 100 % : 0 % & 0% 1 : 1.89 : 2.88 0.50 

2 Silica Fume & Fly ash concrete M25 85 % :  5 % & 10 % 1 : 1.89 : 2.88 0.50 

3 Silica Fume & Fly Ash  concrete M25 80 % : 10 % & 10 % 1 : 1.89 : 2.88 0.50 

4 Silica Fume & Fly Ash  concrete M25 75 % : 15 % & 10 % 1 : 1.89 : 2.88 0.50 

5 Silica Fume & Fly Ash  concrete M25 70 % : 20 % & 10 % 1 : 1.89 : 2.88 0.50 

6 Conventional concrete M35 100 % : 0 % & 0% 1 : 1.70: 2.70 0.45 

7 Silica Fume & Fly ash concrete M35 85 % :  5 % & 10 % 1 : 1.70: 2.70 0.45 

8 Silica Fume & Fly Ash  concrete M35 80 % : 10 % & 10 % 1 : 1.70: 2.70 0.45 

9 Silica Fume & Fly Ash  concrete M35 75 % : 15 % & 10 % 1 : 1.70: 2.70 0.45 

10 Silica Fume & Fly Ash  concrete M35 70 % : 20 % & 10 % 1 : 1.70: 2.70 0.45 

Table 1: Showing Concrete Specimens with Various Proportions And With Variable W/C Ratio 

IV. METHOD FOR THE DETERMINATION OF COMPRESSIVE 

STRENGTH 

A. Test Specimen:  

Concrete cubes of size 15cm x 15cm x 15cm was casted and 

kept for curing for 3,7days & 28days. 

B. Measurement of Compressive Strength:  

The cubes after acquiring the required curing condition were 

placed in the compression testing machine. The load was 

applied axially at the uniform rate. The max. Load in 

newton before the failure occurs divided by the gross area of 
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the block in Sq.mm. was taken as the compressive strength 

of the cube. 

Compressive Strength = (Load/Area) N/mm
2 

Sl 

No 

Types of 

Concrete 
Grade 

Mix 

proportion 

Cement: 

SF & FA 

ratio 

W/C 

ratio 

Water 

In ml 

 

Wt of 

Cement 

(Kgs) 

Wt of SF & 

FA 

in (Kgs) 

Wt of 

sand 

(Kgs) 

Wt of 

CA 

(Kgs) 

1 
Conventional 

Concrete 
M25 

1 : 1.89 : 

2.88 
100%:0% 0.50 645 1.293 0 2.444 3.724 

2 
SF & FA 

Concrete 
M25 

1 : 1.89 : 

2.88 

85%:5% & 

10% 
0.50 645 1.099 0.065&0.129 2.444 3.724 

3 
SF & FA 

Concrete 
M25 

1 : 1.89 : 

2.88 

80%:10% & 

10% 
0.50 645 1.034 0.129&0.129 2.444 3.724 

4 
SF & FA 

Concrete 
M25 

1 : 1.89 : 

2.88 

75%:15% & 

10% 
0.50 645 1.034 0.129&0.129 2.444 3.724 

5 
SF & FA 

concrete 
M25 

1 : 1.89 : 

2.88 

70%:20%  

& 10% 
0.50 645 0.905 0. 259&0.129 2.444 3.724 

6 
Conventional 

Concrete 
M35 

1 : 1.70: 

2.70 
100%:0% 0.45 627 1.394 0 2.370 3.764 

7 
SF & FA 

concrete 
M35 

1 : 1.70: 

2.70 

85%:5% & 

10% 
0.45 627 1.185 0.070&0.139 2.370 3.764 

8 
SF & FA 

concrete 
M35 

1 : 1.70: 

2.70 

80%:10% & 

10% 
0.45 627 1.115 0.139&0.139 2.370 3.764 

9 
SF & FA 

concrete 
M35 

1 : 1.70: 

2.70 

75%:15% & 

10% 
0.45 627 1.115 0.139&0.139 2.370 3.764 

10 
SF & FA 

concrete 
M35 

1 : 1.70: 

2.70 

70%:20%  

& 10% 
0.45 627 0.976 0.279&0.139 2.370 3.764 

Table 2: Showing The Weights Of Materials Taken For Single Cube. Each Type Of Three Cubes Are Casted For 3,7days & 

28days Tests 

(CA: - COARSE AGGREGATES, SF: - SILICA FUME, 

FA: - FLY ASH) V. ANALYSIS OF RESULTS 

Sl No. Types of concrete 
Mix 

Proportion 

CEMENT: 

SF & FA 
W/C 

Compressive strength in N/mm
2
 

3DAYS 7DAYS 28DAYS 

1 Conventional 1:1.89:2.88 100%:0%&0% 0.50 20.44 25.73 35.11 

2 SF & FA 1:1.89:2.88 85%:5%&10% 0.50 18.00 26.00 37.00 

3 SF & FA 1:1.89:2.88 80%:10%&10% 0.50 20.00 27.00 38.50 

4 SF & FA 1:1.89:2.88 75%:15%&10% 0.50 22.00 31.02 39.02 

5 SF & FA 1:1.89:2.88 70%%:20%&10% 0.50 18.50 29.33 36.88 

Table 3: Showing The Comparison Of Compressive Strength Of Conventional And Sf & Fa Concrete M25 Grade Cubes 

Sl 

No. 

Types of 

Concrete 
Mix 

CEM: 

SF & FA 
W/C Slump Value in mm 

1 Conventional 1:1.89:2.88 100%:0%&0% 0.50 67 

2 SF & FA 1:1.89:2.88 85%:5%&10% 0.50 58 

3 SF & FA 1:1.89:2.88 80%:10%&10% 0.50 40 

4 SF & FA 1:1.89:2.88 75%:15%&10% 0.50 31 

5 SF & FA 1:1.89:2.88 70%%:20%&10% 0.50 20 

Table 4: Showing the Comparison of Workability of Conventional and SF & FA Concrete M25 Grade Cubes 
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Fig. 1: Graphs Showing M25 Grade Concrete (Compressive Strength Values) 

  

Sl No. Types of concrete 
Mix 

Proportion 

CEMENT: 

SF & FA 
W/C 

Compressive strength in N/mm
2
 

3DAYS 7DAYS 28DAYS 

1 Conventional 1:1.70:2.70 100%:0%&0% 0.45 23.11 36.00 43.33 

2 SF & FA 1:1.70:2.70 85%:5%&10% 0.45 20.53 34.97 44.57 

3 SF & FA 1:1.70:2.70 80%:10%&10% 0.45 22.00 37.11 46.00 

4 SF & FA 1:1.70:2.70 75%:15%&10% 0.45 23.55 38.48 48.53 

5 SF & FA 1:1.70:2.70 70%%:20%&10% 0.45 21.06 36.53 46.88 

Table 5: Showing the Comparison of Compressive Strength of Conventional and SF & FA Concrete M35 Grade Cubes 

Sl 

No. 

Types of 

Concrete 
Mix 

CEM: 

SF & FA 
W/C Slump Value in mm 

1 Conventional 1:1.70:2.70 100%:0%&0% 0.45 54 

2 SF & FA 1:1.70:2.70 85%:5%&10% 0.45 46 

3 SF & FA 1:1.70:2.70 80%:10%&10% 0.45 30 

4 SF & FA 1:1.70:2.70 75%:15%&10% 0.45 22 

5 SF & FA 1:1.70:2.70 70%%:20%&10% 0.45 15 

Table 6: Showing the Comparison of Workability of Conventional and SF & FA Concrete M35 Grade Cubes 

 

Fig. 1: Graphs Showing M35 Grade Concrete Compressive 

Strength Values 

VI. CONCLUSION 

Based on the experimental investigations the following 

conclusions were made. 

The compressive strength of silica fume and fly ash concrete 

is found to be more than that of conventional concrete for a 

mix of 85% cement and 5% SF & 10%FA.  

1) The optimum value of compressive strength can be 

achieved in 15% & 10% replacement of SF & FA 

2) The Silica Fume and Fly Ash occupies more 

volume than cement for the                                                                                                                                                                                                                                                                                                     

same weight. So the total volume of the SF & FA 

concrete increases for a particular weight as 

compared to conventional concrete. 

3) Because due to the lower density of SF and FA 

concrete the self weight of structure gets reduced 

which results in overall savings. 

4) When the percentage of the SF and FA increased, 

the workability of the mix becomes very poor as 

compared to the conventional concrete. 

5) From the experimental investigations it was found 

that there was a decrease in compressive strength 

when the SF & FA content are increased. 
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