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Abstract 

There is various waste material which are cementitious waste, which are totally waste for the industries like Ground granulated 

blast furnace slag which is obtained from iron industries, hypo sludge ash which is obtained from paper industries, fly ash which 

is obtained from coal industries. There is a bigger problem dump that material and take an extra step for their disposal process. As 

this product have cementitious properties which means that chemical composition of waste material resembles with the chemical 

composition of cement. As now a day there is a heavy load on the natural resources like lime, for the production of cement. And 

in the production of cement there is a big environmental problem arises is with the production of cement are greenhouse gases, 

which causes environmental problem. In this paper our study is mainly on the effect of concrete with various replacement of GGBS, 

and this research paper mainly focus on the compressive strength and flexural strength of concrete. The concrete was prepared 

with the various replacements which varies from 0% to 80% and the strength gain of concrete is checked for different ages. For 

compressive strength it is 7 days, 28 days 90 days and for flexural strength it is 28 days and 90 days. And the results are concluded 

on the behalf of various test results obtained.     
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________________________________________________________________________________________________________ 

I. INTRODUCTION 

Cement is most important material of the concrete which produced by natural raw material like silica and lime. over consumption 

of lime may lead to the condition there will be no lime on earth for production of cement for concrete. the focus of all researchers 

working in construction related research work on cementitious waste material and use of it in high performance concrete. (Peter et 

al. 2010) concluded that the Concrete has basic naturally, cheaply and easily available ingredients as water, cement, fine and coarse 

aggregate. cement is second most used material in the world after water. But this rapid production of cement made impact on two 

big environmental problems for which we have to find out civil engineering solutions. 

 the emission of CO2 in the production process of the cement is the First environmental problem. 

 Problem related to consumption of lime is the second environmental. 

By product of iron manufacturing industry is blast furnace slag. Iron ore, coke and limestone are fed into the furnace and at a 

temperature of about 1500'C-1600'C molten slag formed floats above the molten iron. The composition of molten slag is same as 

ordinary Portland cement which consist of 30%-40% silicon dioxide and approximately 40% CaO. Siliceous and aluminous 

residues result in the formation of a glassy granulate which are formed when the molten iron is tapped off. 

According to ACI 116R Granulated blast-furnace slag is the wheat grain size material formed when molten blast-furnace slag 

as it gets rapidly chilled at -8o, as by immersion in water.  GGBS means the ground granulated blast furnace slag by result of iron 

assembling industry is impact heater slag. Iron mineral coke and Lime-stone are nourished into the heater on the liquid iron at a 

temperature of around 1500oC to1600oC liquid slag glides above. The Blast heater slag has an organization near the compound 

piece of Portland concrete, the staying liquid slag, which comprises of chiefly siliceous, aluminous and calcium build up is then 

water-extinguished quickly, bringing about the arrangement of a polished grind. This grain granule is dried and ground to the 

required size, which is known as ground granulated blast furnace slag (GGBS). 

With the replacement of Ordinary Portland cement of 53 grade with GGBS will get a significant reduction of carbon dioxide 

gas emission. And therefore GGBS is an environment friendly construction material. when used in concrete it replaces as much as 

80% of ordinary Portland cement of 53 grade. GGBS concrete has better water impermeability characteristics. and make concrete 

resistance from sulphate and chloride attack. And hence service life is enhanced and the maintenance cost is reduced. This eco-

friendly replacement ground granulated blast furnace slag(GGBS) leads to the development of concrete which utilises the industrial 

waste and saves significant natural resources and energy which in turn reduces the consumption of cement. 
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II. BENEFITS OF USING GGBS IN CONCRETE 

 Sustainability 

As GGBS is the product which we get from of iron hot rolling manufacturing industry, it is been seen that the production of one 

tonne of GGBS would generate only about 0.07 tonne of CO2 equivalent and consume only about 1300 MJ of energy where as 

one tonne of Portland cement would require approximately 1.5 tonne of mineral extraction together with 5000 MJ of energy and 

would generate 0.95 tonne of CO2 equivalent. 

 Colour 

colour of ground granulated blast furnace slag is off white. This colour is also seen in concrete made with GGBS. The more 

aesthetically pleasing appearance of concrete with several percentages of GGBS can help soften the visual impact of large 

structures such as river bridges and mountain retaining walls. For coloured concrete, the pigment requirement is often reduced with 

GGBS and colours are brighter.  

 Setting Time 

Many factors influence the setting time of concrete mainly temperature and water/cement ratio. The setting time in case of GGBS 

is slightly extended by 30mins. This is particularly useful in warm weather. 

III. EXPERIMENTAL INVESTIGATION 

 Materials Used 

 Cement - IS:12269-1987 conforming Ordinary Portland cement, 53 Grade, was used. The Physical Properties of cement was 

specific gravity - 3.15, Consistency -  32%, Initial setting time 55 min Final setting time (min) 360 min. 

 GGBS - GGBS conforming to IS:12089-1987 was used. The Physical Properties of cement was specific gravity - 2.85, 

Consistency -  29.5%, Initial setting time 365 min Final setting time (min) 450 min. 
Table - 1  

Chemical Properties of Cement and GGBS 

Material SiO2 Al2O3 Fe2O3 CaO MgO SO3 K2O Na2O LOI 

CEMENT (%) 19.71 5.20 3.73 62.91 2.54 2.72 0.90 0.25 0.96 

GGBS (%) 4.27 14.33 1.11 37.02 8.41 0.85 1.28 1.32 1.41 

 Fine Aggregate and Coarse Aggregate 

Fine aggregate was obtained from Kanhan River. The physical properties of fine aggregate are (Testing was done as per IS code 

383: 1970). Fineness Modulus: 2.59, Specific gravity: 2.50. 

coarse aggregate was obtained from Kanhan Quary. The physical properties of fine aggregate are (Testing was done as per IS code 

383: 1970). 

 Admixture 

A commercial Visco-flux-550 PLASTICIZER BLACK CAT ENTERPRISES PVT. LTD. black cat Chemical Limited plasticizer 

from Nagpur by the use this admixture workability of fresh concrete was maintained. 
Table – 2 

 Properties of Admixture 

Technical Data Mineral 

Appearance Brown liquid 

Relative Density 1.14 ± 0.02 

Air Entrainment Max 1% over control 

Chloride Content <0.1% 

PH > 6.00 

Toxic effect Non Toxic 

Dosage 200 ml to 400 ml per bag of 50 kg cement 

Water Reduction 20% above 

Shelf Life 1year in closed and properly stored container 

 Mix details and Mix Proportion 

In our research work, we have used INDIAN STANDARD DESIGN METHOD, M40 Mix design of concrete confirming IS 10262: 

2009,  

 



Effect of Cementitious Waste Material (GGBS) on concrete as a Replacement in Cement  
(IJSTE/ Volume 2 / Issue 11 / 010) 

 

 All rights reserved by www.ijste.org 
 

79 

Table - 3  

Mix Proportions 

MIX GGBS(%) W/C Water kg/m3 Cement  kg/m3 GGBS kg/m3 F  agg kg/m3 C  agg kg/m3 

A0 0 0.4 160 400 0 668.95 1301.12 

A1 30 0.4 160 280 120 668.95 1301.12 

A2 40 0.4 160 240 160 668.95 1301.12 

A3 50 0.4 160 200 200 668.95 1301.12 

A4 60 0.4 160 160 240 668.95 1301.12 

A5 70 0.4 160 120 280 668.95 1301.12 

A6 80 0.4 160 80 320 668.95 1301.12 

Table - 4  

Schedule casting 

MIX Replacement (%) Cubes Beams 

  7  Days 28 Days 90  Days 28 Days 

A0 0 3 3 3 3 

A1 30 3 3 3 3 

A2 40 3 3 3 3 

A3 50 3 3 3 3 

A4 60 3 3 3 3 

A5 70 3 3 3 3 

A6 80 3 3 3 3 

 Test procedure and Test specimen 

150*150*150 mm concrete cubes and 100*100*500 mm length were used as test specimens to determine the compressive strength 

of concrete for both cases (i.e., control concrete with 100% cement and GGBS concrete with various replacement of cement). The 

ingredients of concrete were thoroughly mixed till uniform consistency was achieved. The cubes and beams were properly 

compacted. All the concrete cubes and beams were de-molded within 24 hours after casting. The test specimens were properly 

cured in curing tank for desired age. Compression test and flexural test was conducted in the laboratory as per IS 516-1959 and 

their results were concluded. The load was applied uniformly until the failure of the specimen takes place. 

IV. RESULT AND DISCUSSION 

 Compressive Strength 

The compressive strength gain of concrete was determined at the time period of 7 days and 28 days and 90 days as presented in 

Table 5. The cubes were casted for compression test. The cubes were casted and tested as per IS: 516:1959. 
Table - 5  

Compression strength 

MIX % Replacement Avg 7 days Avg 28 days Avg 90 days 

  (N/mm2) (N/mm2) (N/mm2) 

A0 0% 31.11 43.44 50.42 

A1 30% 33.31 43.03 51.23 

A2 40% 33.95 45.44 53.44 

A3 50% 30.33 42.51 48.31 

A4 60% 28.44 36.29 -- 

A5 70% 24.44 31.4 -- 

A6 80% 19.25 28.14 -- 
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 Flexural Strength 

The Flexural strength of concrete was determined at the age of 28 days as presented in Table 6. The beams were casted for flexural 

test. The beams were casted and tested as per IS: 516:1959. 

 
Fig. 1:  

 

 
Fig. 2: 

Table – 6 

 28 days’ flexural strength 

MIX % Replacement of  GGBS Avg strength 28 days (N/mm2) 

A0  5.32 

A1 30 6.58 

A2 40 6.79 

A3 50 5.48 

A4 60 5.23 

A5 70 4.97 

A6 80 4.23 
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Fig. 3: Flexural Strength 

     
Fig. 4: Compressive Strength                                                                     Fig. 5: Slump  

 Workability 

As the workability of concrete increases compressive strength of concrete decreases. 

V. CONCLUSION 

 As the workability of concrete increases the compressive strength of concrete decreases, but in case of 40% replacement of 

concrete it gets increases. 

 As in 7 days’ strength on 40% replacement it gets the highest strength. Strength gain was 9% more than strength of control 

concrete. 

 As in 7 days of compressive strength of concrete after 40% replacement there is decrement in the strength as the replacement 

percentage increases. 

 As in 28 days’ compressive strength got decrease of control concrete, and got increase by 6% at 30% replacement concrete 

and had got the highest strength. 

 As in 90 days’ compressive strength got increase as the % replacement increases up to 40% and then there is a decrement. 

 As in flexural strength, strength got increases at 30% replacement by 24% and at 40% replacement it gets increase by 28% 

after that it get decreases as the increase in % replacement of GGBS 

 As according to the particle packing theory of concrete explains that the bonding of coarser particles and the fine particles take 

place and make the bond strong as the GGBS have finer particles than cement therefore 40%GGBS and 60% cement, as in 

this mix concrete gives the higher strength as it gets the proper particle bonding. 
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