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Abstract 
 

In the present scenario, the infrastructure/construction industry had come up 
with a serious issue of Natural River sand availability because of over usage 
and high demand leads to its availabilityand increase in cost.To overcome 
this type of problems we want to find new consumption and replacement for 
sand. The wastes from the granite rocks and Iron related particles are 
discarded to the environment which causes health risks. These wastes can be 
reused as fine aggregate in partial replacement. In order to find out the 
maximum possible utilization of the granitepowder and Iron powder as 
partial substitute of fine aggregate, an experimental investigationhas been 
studied out. Granite slurry waste and Iron waste are used as a fine aggregate 
by replacing which will fills the concrete gaps thereby increasing the strength 
characteristics of the concrete. Concrete is prepared in four different 
propositions with granite powder constant at 10 % (obtained from various 
literatures) & Iron Powder as 10%, 15%, 20% and 25%. Strength 
Characteristics like flexural strength, split tensile strength, and compressive 
strength are carried out. 
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1 Introduction 

 
In the recent construction industry, even though we are practicing with 

different composite materials concrete plays a major role in the construction 
sector. Concrete is a versatile material that can be grouped into three phases 
such as mortar phase (cement paste), aggregate (coarse) phase and transition 
phase (interface between aggregate and mortar phase). To maintain the 
property of concrete as a versatile composite material all phases have the 
predominate responsibility. In first phase (mortar phase) comprises of both 
cementitious and powder material with water. Generally Portland cement 
used as a cementitious materials but nowadays other materials like fly ash, 
silica fume, granulated blast furnace slag are also used. And natural river 
sand used as a powder material (fine aggregate). In recent days practice of 
usage of agro and industrial wastes like rick hush ash, sugarcane bagasse ash, 
steel slag, copper slag, iron powder, textile dying sludge are used[1,2]. In 
second phase (aggregate phase), angular shaped granite coarse aggregates are 
used. As a result of many research artificial aggregates are also there for 
replacing the natural one. In third phase, interface between the mortar and 
aggregate phase taken place as bond formation to the cement particles and 
aggregate.  

Obviously fine aggregate plays a predominant role to achieve this 
interface transition phase. In last decade, particularly some states of India had 
the tremendous infrastructural growth due to this occurrence over utilization 
and high demand of natural river sand taken place. Waste generating from 
agro industries can be dumped/disposed easily or otherwise it can be used to 
some other purposes. But the waste generating from manufacturing industries 
cannot able to dump/dispose which creates hazardous to the living beings and 
to environment. Wastes from iron manufacturing industry and granite stone 
industry namely iron powder and granite slurry waste powder respectively 
can be used as substitute for fine aggregate in the concrete. 

 

2   Literature Survey 

In relation with the scope of this study, some literatures on concrete 
produced with different wastes such as granite powder and iron 
powder.Reuse of industrial solid waste as raw materials for other industries is 
the best solution for this problem and disposing of granite powder is a major 
problem [3]. Among the industries that capable to incorporate different types 
of solid wastes are concrete and ceramic industries. Unfortunately, there is a 
considerable growth and increasing amount of solid wastes from granite 
industries are accumulated from both cutting and polishing granite 
waste[4][5].  Granite slurry is used as secondary material of fine aggregate  
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(Sand) and which is collected from granite cutting industry[6],[7]. As per IS: 
2386 (Part III)-1963, the physical properties of waste materials like bulk 
specific gravity and water absorption of the fine aggregate are 2.84 and 1.2%, 
respectively [8]. On the other hand steel manufacturing industries also 
generating a huge amount of iron powder as waste, which is very tough to 
dispose the waste iron powder [9]. The results showed that strength 
properties increase with the adding up of iron fillings to the mix[10,11]. In 
India waste produces from granite industry is about 18.1 million tonnesout of 
these materials the waste management is need to rectify the problems and 
other accumulation [12]. 

 

3 Objective and Methodology 

To study and optimize the granite and iron waste in the partial substitute 
of fine aggregate in concrete and to characterize the properties of granite and 
iron waste in the manufacture of concrete.To study the mechanical 
properties by casting a beam in the opted proportions. Partial replacement of 
Granite Powder about 10% was constant with the varying proportions of 
Iron powder of about 10%, 15%, 20% and 25% of fine aggregate with 
consecutive proportion.Determining the strength properties of concrete 
specimen. Finally, determine the most advantages and optimum proportion 
for replacement of fine aggregate and also comparing the result with 

conventional concrete. 

                4   Test on Materials 

Portland pozzolanacement as per IS: 269-1976 and IS: 7031-1968 was 
used in this investigation. The cement used was 53grade and the tests 
conducted as per Table 1. 

 
Table 1. Properties of Portlandcement 

 

 
 

 

S. No. Properties Values Obtained

1 Specific Gravity 3.17

2 Initial Setting Time 0.5 hours

3 Final Setting Time 6 hours

4 Standard Consistency 33%

5 Fineness 6%

6 Average Compressive Strength 55.83 MPa
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The particle size which ranges from 4.75mm to 150microns are termed 

as fine aggregates [13]. As per standards IS:383-1970 manufacture sand as 
crushed stone sand are presented in theTable 2. 

 
 

Table 2. Properties of Fine Aggregate (Sand) 

 

 
 

Aggregates are the mass component of concrete which produces strength 
to the entireversatile composite material. The size of coarse aggregate 
should be greater than 4.75 mm [14]. Nominal aggregate size of 10mm to 20 
mm was used.Specific gravity of Course Aggregate was identified as 
2.72.Granite is a commonly used flooring material. The main constituent 
minerals in granite powder are feldspar and quartz [15,16]. Its color based 
on that of mineral content. It possess less than 1.8% of water absorption 
value and also granite holds a fine polish from the finely grained type (Fig. 
1). Specific gravity is 2.72 and moisture content is 1.5%.Iron powder is a 
waste generating from iron manufacturing industry and a by-product from 
steel making process. Specific gravity of iron powder is 2.58[8]. Water 
absorption iron powder is 8.46%, which is greater than natural sand (Fig. 2). 
Finally the value of liquidity are weak in the mixes. It confirms zone 
III.Specific gravity of Iron Powder is 2.64.  

 
 
 

 

 

 

 

 

 

 

 

 

              Fig 1. Granite Powder   Fig 2.Iron Powder 

 

 
As per IS 10262:1982 mix design was calculated. The w/c ratio was 

opted as 0.5 by using trial and error method[17]. Also M25 mix is used for 
this study. Material for 1m

3
 of concrete is tabulated in Table 3. 

 
 

S. No. Properties Values Obtained

1 Specific Gravity of crushed sand 2.72

2 Fineness modulus 2.42
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Mix Ratio: 1:3.09:1.59:0.5 

Table 3. Mix specification (Kg / m
3
) 

 

 
 

 

5 Results and Discussions 
 

It has been evident that the strength characteristics of concrete 
reconstitute with iron waste and granite powder are increased considerably. 
The concrete mixes of 10% and 20% of fine aggregate replacement with iron 
power and granite powder reveals higher strength properties.Comparatively it 
wasscrutinizedthat partial replacement of fine aggregate with iron powder 
and granite waste gives equal strength as conventional concrete. The 
compressive strength difference in fine aggregate with iron powder (10% to 
25%) and granite powder (10%) was tested. A Comparative Graph was also 
drawn to understand the varying trend of Concrete by partial substitute of 
fine aggregate byGranite powder and Iron Powder in (Fig. 3) 

 
 

 
Fig 3. Graphical representation of Comparison of Compressive Strength after 28 

days curing 
 

From the compression test of cube it was evident that for Granite 
Powder and Iron Powder of ratios of 10% and 20% respectively was found 
to be the optimum for maximum compressive strength.  

 
 
 

394.32 1215.1 626.64 0.5

Cement W/C ratio
Fine 

Aggregate

Coarse 

Aggregate

https://www.thesaurus.com/browse/scrutinized
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The split tensile strength test for variation in fine aggregate with iron 

powder (10% to 25%) and granite powder (10%) was tested, and the results 
were given in the fig. 4. A Comparative Graph was also drawn to understand 
the varying trend of the split tensile strength of Concrete due to partial 
replacement of Granite powder and Iron Powder for fine aggregate. 

 
 

 
 

Fig 4. Graphical representation of comparison of Split Tensile Strength after 28 

days curing 
 

The result of flexural strength is necessary for finalize the load ofthe 
concrete elements that can crack. Determination of direct tension test is 
toughhence it is worked out by flexure strength test. The flexural strength 
was determined over a span of 400mm under two point load at symmetrical 
condition by testing standard beam of 500x100x100mm. The flexural 
strength was determined as per IS: 516 – 1975. 

 
 

 
Fig 5. Graphical representation of Flexure Strength Comparison 
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The split tensile strength test for variation in fine aggregate with iron 

powder (10% to 25%) and granite powder (10%) was tested, and the results 
were given in the graph fig. 4. A Comparative Graph was also drawn to 
understand the varying trend of the split tensile strength due to partial 
replacement of Granite powder and Iron Powder for fine aggregate. Fig 5 
shows the graphical representation of flexure strength comparison. From the 
above discussion it is found that for 20% Iron Powder and 10% Granite 
Powder so the beam casted for this proportions only and the flexure strength 
for this will be found as mentioned. 

 
 

 

 
 

Fig 6. Graphical representation of Comparison of Mean Compressive Strength of 

partial replacement mix and Conventional Mix 

 
The compressive strength test for variation in fine aggregate with 

iron powder (10% to 25%) and granite powder (10%) was tested, and the 
results were tabulated. A Comparative Graph was also drawn to identify the 
varying results of the compressive strength due to partial replacement of 
Granite powder and Iron Powder for fine aggregate from fig 6. From the 
above discussion it is found that for 25% Iron Powder and 15% Granite 
Powder was casted for this proportions only and the mean compressive 
strength for this will be found as mentioned. It is found that the partial 
replacement of 15% of Granite waste in powder form and 25% of Iron 
Powder (I.P) gives optimum result in mean compressive Strength Properties 
than the conventional concrete, where as the concrete prepared by partial 
replacement method gives more or less equal results compared to the 
conventional concrete testing methods. 
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6 Cost Comparison 
 

The cost comparison graph was prepared to find out the exact cost 
variation and economic parameters in partial replacement of waste materials 
and concluded that the conventional materials cost was reduced by replacing 
the waste materials, especially the waste from iron manufacturing industries 
and granite waste pieces are collected in huge amount was replaced in an 
effective cost economic manner with good strength properties. Table 4 
shows the cost of materials for nominal mix compared with conventional 
mix. Table 5 shows the cost of partially replaced materials, and it is 
concluded that the cost of partially replaced waste materials reduced the cost 
of nominal mix materials by 5% which will increase the cost effectiveness in 
economic manner for mass production of concrete. 

 
 

Table 4. Cost of Nominal Mix 

 
Materials Mass(kg) Price(Rs.) 

Cement 394.32 2996 

River 

Sand 

626.64 4700 

Course 

Aggregate 

1215.10 2836 

Total Rs.10540/m3 

 

 

Table 5. Cost of Partial Replaced Fine Aggregate Concrete 

 

Materials Mass(kg) Price(Rs.) 

Cement 394.32 2996 

River 

Sand 

438.65 

3289.86 

Course 

Aggregate 

1215.10 2836 

Iron 

Powder 

125.34 751.968 

Granite 

Powder 

62.64 751.968 

Total Rs.10630/m
3
 

 

7 Conclusion  
 

From this experiment, It is found that the partial replacement of 15% of 
Granite waste in powder form and 25% of Iron Powder (I.P) gives optimum  
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result in mean compressive Strength Properties than the conventional 
concrete, For split tensile test discussion it is found that for 20% Iron Powder 
and 10% Granite Powder gives optimum results, whereas the concrete 
prepared by partial replacement method gives more or less equal results 
compared to the conventional concrete testing methods. It is concluded, that 
the partial replacement of 10% of Granite waste in powder form and 20% of 
Iron Powder (I.P) gives optimum result in Strength Properties than 
conventional concrete.  
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