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Abstract— Pozzolonas are supplementary cementitious 

materials (SCMs) which are finely ground solid materials 

that are naturally occurring, manufactured or man-made 

wastes that can be replaced for a portion of cement in the 

production process of concrete. In this paper, 5 different 

concrete mixes of M30 grade are prepared using silica fume, 

rice husk ash, copper slag and metakaolin which are 

industrial by-products that are to be used as mineral 

admixtures as a partial replacement of cement and a control 

mix. In this thesis, an attempt has been made to determine 

the flexural strength. The flexural strength properties of the 

reinforced beams are evaluated and compared under the four 

point static loading system to that of M30 grade reference 

mix specimens. The results show that when these mineral 

admixtures are replaced for cement increases the mechanical 

properties of the concrete as a result of increased load 

bearing capacity. 
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I. INTRODUCTION 

Concrete is a composite material made from cement, fine 

aggregate, coarse aggregate and water. Apart from cement 

various other pozzolonic materials can be used in the 

production of concrete. These pozzolonic materials though 

not cementitious by themselves, contain reactive silica and 

alumina in a finely divided form which are capable of 

combining with lime at ordinary temperatures in the 

presence of water to form stable insoluble compounds 

possessing cementing properties. Mineral admixtures such 

as silica fume, rice husk ash, copper slag and metakaolin 

which are pozzolonic in nature are used as supplementary 

cementitious materials (SCMs). These SCMs help in 

obtaining high performance concrete. Objective of this 

experimental work is to study the flexural strength of 

reinforced concrete beams of 5 different mixtures including 

the M30 control mix. In every mix, each mineral admixture 

is replaced for 10% of cement content and the reinforced 

concrete beams of each are subjected to flexural test under 

static loading system. The results are compared with that of 

M30 control mix specimens. 

II. EXPERIMENTAL PROCEDURE 

A. Materials used 

1) Cement 

Sl. No Property Value 

1 Specific gravity 3.15 

2 Normal consistency 30% 

3 Initial setting time 55 mins 

4 Final setting time 300 mins 

Table 1: Properties of ordinary Portland cement 

Ordinary Portland cement is used in this 

experimental work and its properties were tested as per 

Indian standards IS 4031. Table 1 shows the properties of 

OPC. 

2) Aggregates 

Fine aggregate (FA) and coarse aggregates (CA) were used 

and two different sizes of coarse aggregates 12.5mm and 

20mm were used. The specifications of the aggregates 

conform to the specifications of IS 383: 1970. The test 

conducted to analyse the properties were according to IS 

2386: 1963. Table 2 shows the properties of aggregates. 

Sl. 

No 
Property 

CA 

(20mm) 

CA 

(12.5 

mm) 

FA 

1 Specific gravity 2.74 2.7 2.73 

2 Fineness modulus 6.18 4.8 2.75 

3 Water absorption (%) 0.5 0.6 1.0 

4 Bulk density (kg/m 3) 1635 1523 1668 

Table 2: Properties of fine aggregates and coarse aggregates 

3) Silica Fume 

Silica fume, also known as micro silica, is an amorphous 

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

an ultrafine powder collected as a by-product of the silicon 

and ferrosilicon alloy production and consists of spherical 

particles with an average particle diameter of 150 nm. The 

main field of application is as pozzolanic material for high 

performance concrete. The physical properties of silica fume 

are tabulated in table 3. 

Sl. No Property Value 

1 Physical state Micronized powder 

2 Color White 

3 Specific gravity 2.63 

4 Moisture (%) 0.058 

Table 3: Physical properties of silica fume 

4) Rice Husk Ash 

Rice husk ash is an agro waste material. Rice milling 

generates a by-product known as husk and this husk is 

converted into ash is known as rice husk ash. This RHA in 

turn contains around 85-90% silica. Silica is the basic 

component of sand which is used with cement for plastering 

and concreting. The physical properties of rice husk ash are 

presented in table 4. 

Sl. No Property Value 

1 Color Off White 

2 Specific gravity 2.25 

3 Bulk density 200-300 kg/m3 

4 Moisture (%) 0.11 

Table 4: Physical properties of rice husk ash 

5) Metakaolin 

Metakaolin is a de-hydroxylated form of the clay mineral 

kaolinite. The particle size of metakaolin is smaller than 

cement particles, but not as fine as silica fume. Metakaolin 
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is a pozzolanic additive/product which can provide many 

specific features. The purity will define the binding capacity 

for free lime. Table 5 gives the physical properties of 

metakaolin. 

Sl. No. Property Value 

1 Color Off White 

2 Specific gravity 2.6 

3 Moisture (%) 0.5 

4 Bulk density 400-500 kg/m3 

Table 5: Physical Properties of Metakaolin 

6) Copper Slag 

Copper slag is a by-product obtained during matte smelting 

and refining of copper. The physical properties of copper 

slag are given in table 6. 

Sl. No Property Value 

1 Specific gravity 3.63 

2 Chloride content < 0.0002 

3 Color Black color 

Table 6: Physical properties of copper slag 

7) Super Plasticizers 

Super plasticizers are highly distinctive in their nature and 

they make possible the production of concrete which in its 

fresh or hardened stage is substantially different from 

concrete made using water reducing admixtures. 

CONPLAST SP430 manufactured by FOSROC Chemicals 

is used in this project. The main objective of using this super 

plasticizer is to increase the workability of concrete so that 

there is a little or no vibration is required during placing. 

Conplast SP430 is based on selected Sulphonated 

Naphthalene Polymers and chloride free brown liquid 

supplied as instantly dispersible in water. It has been 

specially formulated to give high water reduction up to 25% 

without loss of workability or to produce high quality 

concrete of reduced permeability. 

Conplast SP430 has specific gravity: 1.265 – 1.280 

at 270° with a chloride content: less than 0.05% and air 

entrainment: less than 1% over control. 

8) Water 

Water is the most important ingredient of concrete as it 

actively participates in the chemical reaction with cement. 

As it helps to form the strength giving cement gel, the 

quality and quantity of water must be looked into very 

carefully. It should not contain any undesirable organic 

substances or inorganic substances in excessive proportions. 

In this project clean potable water was used for mixing and 

curing of concrete. 

B. Mix Design for M30 Grade Concrete 

In this project, a traditional concrete or the control mix was 

a mixture using ordinary Portland cement while other 4 

mixtures were prepared using the SCMs silica fume, rice 

husk ash, metakaolin, copper slag in which the SCMs were 

replaced for 10% of cement content. The obtained mix ratio 

contains 1 part of cementitious materials, 2.16 parts of fine 

aggregate and 3.61 parts of coarse aggregates. The water 

cement is kept constant as 0.4 in all mixtures. Super 

plasticizer is added for 0.2-0.4% of cementitious materials 

depending on the workability of the mix. The proposed mix 

types and the designations are shown in table 7. 

Sl.  

No 

Mix Composition 
Mix Designation 

Cement SCM 

1 100% Nil CM 

2 90% (Silica Fume) 10% SFC 

3 90% (Rice husk ash) 10% RC 

4 90% (Metakaolin) 10% MKC 

5 90% (Copper slag) 10% CSC 

Table 7: Proposed mix types 

C. Tests Conducted 

The mechanical properties of each mix were determined by 

performing the following tests. 

1) Test for compressive strength of concrete on 3, 7, 28 

days 

2) Split tensile test of concrete on 28 day 

3) Flexure test on plain beam on 28 day 

4) Flexure test on reinforced concrete beam on 28 day. 

III. RESULTS AND DISCUSSIONS 

A. Effect of age of Concrete on Compressive Strength 

The effect of age on compressive strength of control mix 

and 4 different concrete mixtures is tested upon cubes of 

(100x100x100) mm size and the results are tabulated in 

table 8 and the comparison chart for obtaining concrete with 

maximum strength at the end of 28 day is shown in fig 1. 

 
Fig. 1: Cube subjected to compression test 

Age in days CM SFC MKC RC CSC 

3rd day 22.93 13.04 17.81 21.13 17.8 

7th day 29.55 19.25 32 27.33 23.5 

28th day 31.33 45.1 37.6 33.4 32.13 

Table 8: Compressive strength at different ages of concrete 

 
Fig. 2: Compressive strength of concrete cubes 

From figure 1 it is clear that as the age increases the strength 

of the concrete also increases and thus the rate of increase in 

strength is higher at a curing period up to 28 days. Among 

the 5 different concrete mixes it can be seen that silica fume 

replaced concrete shows better and increased strength 

compared to all other mixes. 
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B. Split Tensile Test on Concrete 

Split tensile test was done in cylindrical specimens of 

(100x200) mm size so as to determine the tensile capacity of 

the concrete according to IS 5816: 1999 and the results of 

28th day testing are tabulated in table 9. 

 
Fig. 3: Cylinder subjected to split tensile test 

Age in days CM SFC MKC RC CSC 

28th day 3 3.51 3.32 3.26 3.12 

Table 9: Split tensile strength of concrete mixtures 

 
Fig. 4: Tensile strength of concrete cylinders 

The above figure shows that between the 5 

different concrete mixes silica fume replaced concrete 

shows good tensile property followed by metakaolin, rice 

husk ash and copper slag in comparison to the control mix 

specimen. 

C. Flexure Test on Plain Beam 

The most common purpose of a flexure test is to measure 

flexural strength. Flexural strength is defined as the 

maximum stress at the outermost fibre on either the 

compression or tension side of the specimen. This value can 

be used to evaluate the sample materials ability to withstand 

flexure or bending forces. The following table 10 shows the 

results of plain beams of (500x100x100) mm in size 

subjected to flexural test. 

 
Fig. 5: Plain beam subjected to flexural test under 2 point 

loading system 

Age in days CM SFC MKC RC CSC 

28 day 7.05 7.75 7.45 7.25 7.15 

Table 10: Flexural strength results of plain beam 

 
Fig. 6: Flexural strength of plain beams 

D. Flexure Test on RC Beam 

When a specimen is placed under flexural loading all three 

fundamental stresses are present: tensile, compressive and 

shear and so the flexural properties of a specimen are the 

result of the combined effect of all three stresses as well as 

the geometry of the specimen and the rate the load is 

applied. The flexural test is performed in a RC beam of size 

(850x100x150) mm. The material is laid horizontally over 

two points of contact (support span) and then a force is 

applied to the top of the material through two points of 

contact (loading span) until the sample fails. The maximum 

recorded force is the flexural strength of that particular 

sample. The flexural strength of reinforced concrete beams 

are shown in table 11 and are also represented graphically 

for comparison. 

 
Fig. 7: Flexural test setup of reinforced concrete beam 
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Fig. 8: Reinforced concrete beam subjected to static load 

Age in days CM SFC MKC RC CSC 

28 day 33.43 38.19 35.13 34.91 34.45 

Table 11: Flexural strength results of RC beam subjected to 

static load 

 
Fig. 4: Flexural strength of reinforced concrete beams 

IV. CONCLUSION 

The mineral admixtures micro silica, metakaolin, rice husk 

ash and copper slag used in this experiment has exhibited 

excellent pozzolonic characteristics and have improved the 

strength of the concrete. The following conclusions can be 

drawn: 

 Replacing 10% of cement with the mineral admixtures 

has helped in increasing the strength of concrete under 

compression, tension and flexural characteristics. 

 Micro silica possessing high silica content has shown 

better strength properties compared to concrete 

replaced by metakaolin, rice husk and copper slag. 

 Silica replaced concrete mix has high compressive, 

split tensile and flexural strength followed by 

metakaolin, rice husk and finally copper slag in 

comparison to control mix. 
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