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Abstract 
After Agriculture Industry in India. Construction sector contribute 11% to the GDP. Hence construction Industry plays a crucial 

role in economic development for any construction. Sand is the major material for preparation of mortar and self compacting 

concrete. But the problem here is sand is largest basic consumer non-renewable resource. Hence it is our responsibility to 

safeguard the sand for future generation. Today this is an almost scarcity of national sand and due to continuous excavation of 

river beds there is some serious effect on ecology ever. It’s the time to think for alternate material to replace the river sand and 

for any mix design of self compacting concrete higher %age of powder content & sand is required. In the present paper we have 

put an effort to replace the sand with GBFS by–product of steel and iron manufacturing plant. Test result of GBFS meets the 

national standard of fine aggregates (IS 38 3 -1970) GBFS does not contain material that may affect the strength and durability of 

concrete such as chlorides, organics impurities. It is free from emission of Co2. In the present paper M40 grade of SCC was 

considered with different replacement of sand with G.B.F.S. Further it is studied that the effect of MetaKaolin on the properties of 

GBFS self compacting concrete, the studies include the effect of GBFS and MetaKaolin on the fresh and hardened mechanical 

properties of SCC made with GBFS and MetaKaolin. The observation made that river sand can be replaced up to 60% with 

constant W/C ratio 0.38% the only problem with GBFS, it takes long time to gain strength. If we add the admixtures 

METAKAOLIN by 10%, then quick setting & early strength is possible. 

 

The GBFS is free from Co2, Alkalis and silt, Co2.The fresh properties & compressive strength of SCC increases with the increase 

in the percentage of GBFS. But limited to 60% replacement provided by adding 10% MetaKaolin. It is found that 70% 

replacement not reached satisfactory results. It is economical when compared with natural sand and also reliable alternative 

material in terms of workability, strength and durability. As there is broader slope for advancement in construction Industry. 

Therefore there is an immense necessity to know for alternative to natural river sand, this paper further detail about the fresh and 

hardened properties chemical properties briefly in full length submission. 

 

The fresh properties and compressive strength of self compacting concrete is improved as percentage of GBFS increases with 

constant MetaKaolin (%). The study has revealed that using MetaKaolin in the replacement f river sand with GBFS gives better 

flow properties and compressive strength in comparison to only GBFS 

 

Keywords:, Super Plasticizer, Viscosity Modify agent, MetaKaolin, Fine aggregate replacement, Granulated Blast 

Furnace Slag. 

---------------------------------------------------------------------***----------------------------------------------------------------- 

1. INTRODUCTION 

The sand is the most reliable natural material used for 

concreting, plastering and masonry work. The main problem 

is due to acute shortage, high price and enormous usage of 

river sand in the construction [1, 2] Day by day it’s getting 

depleted therefore sufficient amount of river sand is not 

available, meanwhile over use of river sand leads to damage 

of natural environment [3]. Hence it is desirable that a 

substitute which is economical is to be considered as an 

alternative material like GBFS [4]. 

 

GBFS is a waste industrial by-product of iron and steel 

production, when 1000 tons of steel is produced, nearly 400 

tons of slag is obtained as a residue, the properties of this 

slag are similar to river sand [5], and the cost is Rs 120/ton 

at site, therefore it is economical compared to natural sand. 

Tests conducted on it are as per IS383-1970, slag sand was 

of zone 1 [5, 6] GBFS is non metallic granulate which 

possesses silicates and aluminous silicate of calcium, this 

helps to enhance long term strength, durability and reduction 

in the emission of carbon dioxide. Marine products, 

oversized materials, clay and silt in slag sand are nil, low 

pozzolanic by-product fly-ash is also used in the present 

work. [7, 8] It decreases early strength but improves the 

workability [9]. 

 

MetaKaolin is obtained from natural Kaolin clay, by heating 

this clay at a temperature of 650 -900 degree centigrade 

MetaKaolin is obtained [10, 11]. The specific surface area, 

silica & alumina content of MetaKaolin is higher than 

O.P.C[12].During the hydration of Portland cement ca(OH)2 
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is produced which has no contribution towards the strength 

development of concrete but when MetaKaolin combines 

with ca(OH)2 produces additional cementation compounds 

and makes concrete strengthen[13,14]. 

 

In the present experimental work focused on properties of 

SCC using MetaKaolin with different replacement of sand 

by GBFS. 

 

2. MATERIALS USED AND ITS 

PROPERTIES 

Table 1: Physical properties of MetaKaolin 

 
 

Table 2: Chemical Properties of MetaKaolin 

 
 

Table 3: Physical Properties of fine aggregate GBFS 

(Granulated Blast furnace clay sand) 

 
 

Table 4: Chemical properties of GBFS 

 
 

Mix Proportions of 0% MK 

Table 5: Quantities of materials for 1m3 of SCC mix with 

0% MetaKaolin 
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Mix Proportions of 10 % MK 

Table 6 Quantities of materials for 1m3 of SCC mix with 

10% MetaKaolin 

 
 

Table 7: property of SCC with 0% MetaKaolin. 

 
 

Table 8: Fresh properties of SCC With 10% MetaKaolin. 

 
 

Table 9: Compressive strength values for SCC (in Mpa) 

 
 

3. MIX PROPORTIONS 

The experimental study was done for concrete grade m40 to 

evaluate the result after replacing river sand by GBFS using 

MetaKaolin five trial mixes were done and best mix were 

adopted. The present work was carried out with different 

replacement of sand by GBFS and cement with 36% of fly-

ash, same result of work compared with replacing cement by 

using 10% MetaKaolin. In both the cases (w/c) ratio is 

0.37and replacement of sand with GBFS 0%, 30%, 40%, 

50%, 60%, 70%, totally six mixes were preferred without 

and with replacement of cement by MetaKaolin.  

 

4. RESULTS AND DISCUSSION 

River sand contains high percentage of silt, clay, and other 

impurities. It reduces the strength of concrete; hence it 

makes useless concrete for construction. GBFS is free from 

all above characteristics. Hence replacement of sand with 

GBFS gives the satisfactory results. 

 

To improve the fresh properties and compressive strength 

cement is replaced with 10% of MetaKaolin The specific 

surface area of MetaKaolin is higher than OPC .It helps to 

improve the strength and other properties. During the 

hydration of Portland cement ca (OH)2 is produced when 

MetaKaolin combines with ca(OH)2. It develops additional 

cementing compounds and it makes concrete stronger. 

 

Test on Fresh Properties of SCC 

4.1 Fresh Properties of SCC 

1. The diameters of slump flow for different concrete mixes 

were measured in the range of 700mm to 500mm up to 60% 

replacement and it is reduced to 280mm for 70 % 

replacement. Same mix by replacing cement with 10 % 

MetaKaolin 720mm to 550mm up to 60 % replacement and 

it reduces to 350 mm for 70 % replacement. 

2. V- funnel flow time increase from 5s to 16s up to 60% of 

replacement and 18s for 70 % of replacement , Same result 

of work with 10% MetaKaolin flow time from 4s to 15 s and 

16s for 70%. 
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3. The blocking ratio (H2/H1) for L-box is from 0.86 to 0.6 

up to 70% replacement but same result of work with 10% 

MetaKaolin is from 0.91 to 0.68. The concrete mix flow 

increases by using MetaKaolin. 

 

4.2 Compressive Strength 

The results showed that there was an enhancement in the 

compressive strength up to 60%, replacement by 9% for 7 

days and 13% for 28 days without the use of MetaKaolin By 

using MetaKaolin for replacement of 60% sand with GBFS, 

compressive strength of 7 days increased by 27% and 28 

days by 31% 

 

Graphs 

 
Graph1 

 

 
Graph2 

 

 
Graph3 

 

 
Graph4 
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Graph5 

 

5. CONCLUSION 

1. Fresh properties of SCC replacing up to 60% of sand with 

GBFS were found to be good. 

2. Fresh properties of concrete mix decreases above 60% 

replacement of sand with GBFS. 

3. Fine particles of GBFS of 150μ and 75 μ are very less 

hence 100% replacement of GBFS is not possible. 

4. It is advisable to mix at least 30-40% of river sand with 

GBFS. 

5. In the trial mixing, it was found that use of MetaKaolin 

decreases workability of SCC, but this can be improved by 

using super 

plasticizer and change in w/b ratio 6. During the hydration 

of cement Ca(OH₂) will be produced, it 

7. By replacing cement with MetaKaolin, Ca(OH₂)will be 

converted into (C-S-H) gel, this will help to develop to 

additional compressive strength and makes the concrete 

stronger by blocking existing pores 
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