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Introduction 
 

Concrete is the main source of infrastructure. 

Over 5% of global CO2 emissions can be 

credited to Portland cement production. To 

decrease the pollution due to production of 

cement, it can be partially replaced by green 

materials which have some pozzolanic 

characteristics. A number of green materials 

have been studied for replacement of cement 

partially like fly ash, ground nut shell ash etc. 

which has been successful. The present paper 

is focused on the replacement of cement 

partially with silica fume and silpozz which 

are byproducts of the rice husk.  

 

India is one of the leading producers of rice. 

Globally paddy of about 600 million tons are 

being produced which accounts for an 

average annual production of 120 million tons 
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In this modernized world the increase in the demand of construction and 

need of providing sustainable growth for the development materials has 

prompted designers and the developers to opt for new ‘alternative 

substitutes’ feasible for construction. Considering this objective use of 

agricultural by-products is very constructive. These agricultural by-

products namely silica fume (rice husk ash) and silpozz can be substituted 

instead of cement due to their pozzolanic behavior. In the present study, 

silica fume and silpozz were used as an admixture to cement in concrete 

and its properties were studied. The experimental study based upon the 

nature of silica fume and silpozz and its influence on the properties of 

concrete on replacement with 0,10,20,30 and 40% by weight of cement.  

An attempt was made to test the strength parameters of concrete made with 

partial replacement of the cement by silica fume and silpozz. Test results 

indicated that 20-30% replacement of silica fume and silpozz in concrete 

has improved the strength of concrete. 
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of rice husk. In most cases, the husk being 

produced during the processing of rice is 

either burnt or dumped as a waste material. 

Rice husk ash contains 90%-95% of reactive 

silica and is a pozzolanic material. It has 

different physical and chemical properties. 

The product being obtained from rice husk 

ash is identified by the trade name 

silpozz/silica fume which is very much finer 

than cement. The increasing demand for fine 

and amorphous silica in the production of 

special cement and concrete mixes provides 

high strength and low permeability of 

concrete for use in construction works. Thus 

we can use silica fume and silipozz to meet 

the demand for amorphous silica.  

 

The study from Faseyemi Victor Ajileye 

University of Ibadan, USA it was reviewed 

that cement replacement up to 10% with silica 

fume (Agricultural by-products) leads to 

increase in the compressive strength, for the 

C30 grade of concrete. From 15% there is a 

decline in compressive strength for 3, 7, 14 

and 28 days during curing period. It was 

being observed that the compressive strength 

of C30 grade of concrete has risen 

from16.15% to 29.24% and decreased from 

23.98% to 20.22%. The maximum 

replacement level of the silica fume is 10% 

for the C30 grade of concrete.  

 

It is recommended that testing of concrete 

produced with micro silica concrete be 

extended to 56 or possibly 90 days to further 

determine the pozzolanic ability of the micro 

silica. Volume replacement methods are 

recommended to investigate the possibility of 

producing high strength concrete with micro 

silica. 

 

Materials and Methods 

 

Ordinary Portland cement (OPC) 53 grades 

was utilized as the main ingredient along with 

silica fume and silpozz as the replaced 

materials. Vicat apparatus was utilized for 

determining the normal consistency and the 

time of setting of Portland cement. The 

apparatus consists of an iron rod weighing 

about 300 grams, having a needle at each end, 

and supported by a frame with graduated 

scale to measure distance to which the needle 

penetrates into the cement. 

 

Another instrument, universal testing machine 

(UTM), also known as universal tester, 

materials test framer or materials testing 

machine, was used to test the tensile strength 

and compressive strength of materials. 

 

First the required materials were collected for 

the test such as cement, silpozz, silica fume 

(black and grey), water and other related 

accessories such as belchas, cement pan and 

so on. The required amounts of cement were 

weighed by using digital weighing machine. 

Cement was replaced by materials (silpozz, 

silica fume) with given percentage of 10%, 

20%, 30% and 40% by weight. Cement and 

replaced materials were mixed as shown in 

figure 1 by adding water in the ratio as 

specified by Indian standards. The mixing 

process was continued until the paste attained 

proper consistency.  

 

Then the mortar was tested by vicat apparatus 

as shown in figure 2, if the consistency was 

measured between 5-7mm then it was 

acceptable, otherwise again the sample was 

prepared and the above process was repeated. 

Sample was put inside the cube with the help 

of tampering rod, so that the material would 

perfectly set inside the cube. Then for perfect 

settlement the cube was put on the sieve 

shaker machine. Cube was kept on rest for 48 

hours, and then it was de-molded and cured in 

water for 14 days and then air cured for at 

least another week at room temperature.  The 

compressive strength was measured through 

UTM (Universal testing machine) figure 3. 

This process was repeated for each sample. 
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Procedure 

 

 

                   (i) 

 

(ii) 

 

(iii) 

 

                (iv) 

 

(v) 

 

(vi) 

 

 (vii) 

 
STEP WISE PROCEDURES 

(i) = Mixing of cement 

(ii) = Preparing of cubes of cement 

(iii) = Vicat apparatus 

(iv) = Dismantling of cubes 

(v) = Prepared cubes 

(vi) = Testing of cubes by UTM 

(vii) = Tested cubes 
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Results and Discussion 

 

Measurements of applied force (load) and 

deformation of the specimen were generally 

not made directly upon the specimen. Instead, 

the electrical signals were being sent to a 

recorder device, typically a computer running 

data acquisition and analysis software. The 

UTM machines were digital controlled and 

PC-driven softwares. The typical 

load/deformation curves represent two 

components- force on the Y-axis versus 

deformation on the X-axis. All testing is done 

in accordance with specific ASTM and /or 

ISO standards.  

 

On the basis of the results from the UTM, the 

following table was prepared which showed 

the strength of cubes produced from the 

various replacement of silpozz and silica 

fume. The following graphs were also made 

as per the given results (Table 1). 

 

Table.1 Percentage of cement replacement along with corresponding strength 

 

OPC 53 

(gm) 

Cementre Placement (%) Strength(Mpa) 

Silica Fume 

(Black) 

Silica Fume (Grey) Silpozz 

300  0 38 38 38 

270 10 45.15 29.92 34.55 

240 20 47.25 33 42.19 

210 30 31.18 46.22 27.79 

180 40 28.27 39.2 25.54 

 

 Graph.1 Strength (X-axis) verses amount of cement replaced (Y-axis) 
*red line represents the strength of ordinary cement without replacement 
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Graph.2 Strength (X-axis) verses amount of cement replaced (Y-axis) 

*red line represents the strength of ordinary cement without replacement 

 

 
Graph.3 Strength (X-axis) verses amount of cement replaced (Y-axis) 

*red line represents the strength of ordinary cement without replacement 

 

 

Based on the study carried out on the strength 

behavior of cement replaced by agricultural 

by-products the following conclusions were 

drawn such as:  

 

The strength attains maximum at 20% 

replacement of silica fume (Black).  

It increases from 0-20% replacement after 

attaining maximum at 20% replacement 

and thereafter decreases. 

Silica fume (Grey) cement showed maximum 

strength at 30% replacement. 

In the case of silpozz the strength attains 

maximum at 20% replacement. 

 

So, in this era of industrialization to bridge 

the gap between demand and supply level of 

cement, agricultural by-products can be 

replaced as a better substitute of cement 

successfully. 
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