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I. Introduction 

Disposal of industrial wastes is an issue faced by the manufacturing firm. In particularly, by-product of the iron 

manufacturing industry faces problem of disposing the slag. The chemical composition of molten slag is close to 

the cement. The molten slag consists of silicon and aluminum based residue. This slag is water-quenched, which 

results in the formation of a glassy granulate. Thus obtained glassy granulate is dried and ground to the required 

size. This is known as ground granulated blast furnace slag (GGBFS). GGBFS is an environmentally friendly 

construction material and helps in reduction of carbon dioxide gas emission. The characteristic of GGBS 

includes good water impermeability, resistance to sulphate attack and improved resistance to corrosion. This 

helps to increase the service life of a structure and reduces the maintenance cost. Thus GGBFS can significantly 

save natural resources, energy and reduces the efforts for disposal of industrial wastes. Thereby the consumption 

of cement reduces. Shariq et al. [1] experimentally obtained the compressive strength of cement mortar 

consisting of 20%, 40 % and 60 % of GGBFS for different types of sand. Further the obtained the compressive 

strength of concrete with 20%, 40 % and 60 % of GGBFS for two grades of concrete. They found that the 

compressive strength of mortar increased after 28 days and 150 days with 20% and 40% GGBFS, respectively. 

Peter et al. [2] reported that slag with a specific surface area between 4000 cm2/g and 6000 cm2/g would 

significantly improve the performance of GGBS concretes. Shoubi et al. [3] showed a review on industrial by 

products such as GGBFS, Silica Fume and PFA as cement replacement on the performance of the concrete, 

economical, environmental and social aspects. Darquennes et al. [4] studied the effect of different percentages 

of slag (0 and 42% of the binder mass) on cracking under free and restraint conditions by means of the 

Temperature Stress Testing Machine. Elsayed [5] studied the effects of mineral admixtures on water 

permeability and compressive strength of concretes which consists of silica fume (SF) and fly ash (FA). Further 

they compared the results with ordinary Portland cement concrete without admixtures. Based on the 

experimental results they found 10% as optimum cement replacement by FA and SF. They found improved 

compressive strength and permeability of concrete consisting of high slag cement, silica fume and fly ash. 

Kogbara et al. [6] explored the potential of GGBFS activated by cement and lime. This work was carried out for 

stabilization/solidification treatment of a mixed contaminated soil. Martin et al. [7] analyzed the effect of pH 

and acid type in the concrete. The results showed that the concrete failed in the durability test of waste water 

infrastructure due to the extraordinarily harsh nature. Ling et al. [8] studied the performance of GGBFS 

compared it with fresh concrete and hardened concrete.  Thus based on the literature it can be seen that GGBFS 

concrete is characterized by high strength, lower heat of hydration and resistance to chemical corrosion. Also 

from the literature it can be observed that addition of polymer into the concrete improves the performance of the 

concrete. Further researchers studied the effect of addition of GGBFS and polymer into the concrete on 

performance of the concrete. Present study focuses on the effect of different percentage of polymer on GGBFS 

concrete and optimum percentage of polymer is also obtained.  

Abstract: Due to the properties like improved bond strength, high compressive strength, fast curing, and 

resistance to chemical attacks, polymer concrete is been used extensively. This paper evaluates the study of 

effect of addition of polymer based GGBFS concrete on strength characteristics. An addition of 0%-5% 

polymer is done with an increment of 0.5%. The strength characteristics such as compressive strength, 

tensile strength, flexural strength, shear strength are studied for different percentage addition of polymer. 

The work is carried out on M30 grade of concrete. 30% and 40% of cement is replaced by GGBFS in all the 

experimental work. The study concludes that mechanical properties like compressive, tensile, flexural, 

shear, shows higher values. 
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II. Materials 

Ordinary Portland Cement (OPC), 43 grade conforming to IS: 8112 – 1989was used. The specific gravity of 

cement was found to be 3.15. Locally available crushed aggregates and river sand confirming to IS: 383-1970 

was used. Specific gravity of crushed aggregate and river sand was 2.60 and 2.61 respectively. In this 

experimental work, low calcium, ground granulated blast furnace slag from the ACC cement plant, Kudithini, 

Hospet, India.  Confirming to IS: 3812 (Part 1) – 2003 was used. Chemical composition of GGBFS is shown in 

the Table I. 

Table I Chemical composition of ground granulated blast furnace slag 

Chemical Percentage 

Silica 34-35 

Aluminum oxide 11-15 

Iron oxide 0.29-1.4 

Calcium oxide 36-41 

  Magnesium oxide 6 

Potassium oxide 0.39 

Sulphate 0.3 

Loss on ignition 2.8 

Specific gravity = 2.94 

The concrete mix M30 investigated in this study is prepared with standard 53 grade Portland cement and 

polymers which conform to Indian standards. Mix design was carried out according to the IS 10262: 2009. The 

concrete mixed used for casting the cube, cylinder, beam, L-shape and impact specimen is 1: 1.47: 2.48 by 

weight and a water cement ratio as 0.45.  

The following strength tests are conducted on the casted specimen after 28 days of curing  

1. Compressive strength test on 150 mm x 150 mm x 150 mm cube.  

2. Tensile strength test on ɸ150 mm x 300 mm length cylinder.  

3. Flexural strength test on 100 mm x 100 mm x 500 mm beam.  

4. Impact strength test on ɸ150 mm x 60 mm length cylinder.  

5. Shear strength test on L shaped specimens 

III. Results and Discussions 

This section discusses the test results of polymer based GGBFS concrete produced by different dosages of 

polymer addition after 28 days of curing. Fig. 1 shows the variation of compressive strength for polymer based 

GGBFS concrete produced by different dosage of polymer addition. It is observed that the compressive strength 

of polymer based GGBFS concrete go on increasing as the percentage of polymer addition go on increasing up 

to 2.5%. Beyond this the compressive strength decreases. Thus the higher compressive strength may be 

achieved by adding 2.5% polymer in GGBFS concrete. Also it is observed that the compressive strength of 

polymer concrete produced by replacing 30% cement by GGBFS is higher as compared to 40% replacement. It 

is found that the polymer concrete with 30% replacement cement by GGBFS and 2.5% addition of polymer 

shows 15% increase in compressive strength as compared to the reference mix. The polymer concrete with 30% 

replacement of cement by GGBFS shows higher compressive strength to that of 40% replacement for all the 

percentage addition of polymer. This may be due to the fact that the addition of 2.5% polymer in GGBFS 

concrete will fill all the pores of concrete and develop a good bond between the particles of cement, sand and 

aggregates, thereby increasing the strength properties.  

Figure 1 Variation of Compressive strength 
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Fig.2 shows the variation of tensile strength for polymer based GGBFS concrete produced by different dosages 

of polymer addition. It is observed that the tensile strength of polymer based GGBFS concrete go on increasing 

as the percentage of polymer addition go on increasing up to 2.5%. Beyond this, the tensile strength decreases. 

Thus the higher tensile strength may be achieved by adding 2.5% polymer in GGBFS concrete. Also it is 

observed that the tensile strength of polymer concrete produced by replacing 30% cement by GGBFS is higher 

as compared to 40% replacement. It is found that the polymer concrete with 30% replacement cement by 

GGBFS and 2.5% addition of polymer shows 61% increase in tensile strength as compared to the reference mix. 

The polymer concrete with 30% replacement of cement by GGBFS shows higher tensile strength to that of 40% 

replacement for all the percentage addition of polymer. This may be due to the fact that the addition of 2.5% 

polymer in GGBFS concrete will fill all the pores of concrete and develop a good bond between the particles of 

cement, sand and aggregates, thereby increasing the strength properties. 

Figure 2 Variation of Tensile strength 

 
Fig.3 shows the variation of flexural strength for polymer based GGBFS concrete produced by different dosage 

of polymer addition. It is observed that the flexural strength of polymer based GGBFS concrete go on increasing 

as the percentage of polymer addition go on increasing up to 2.5%. Beyond this, the flexural strength decreases. 

Thus the higher flexural strength may be achieved by adding 2.5% polymer in GGBFS concrete. Also it is 

observed that the flexural strength of polymer concrete produced by replacing 30% cement by GGBFS is higher 

as compared to 40% replacement. It is found that the polymer concrete with 30% replacement cement by 

GGBFS and 2.5% addition of polymer shows 23% increase in flexural strength as compared to the reference 

mix. The polymer concrete with 30% replacement of cement by GGBFS shows higher flexural strength to that 

of 40% replacement for all the percentage addition of polymer. This may be due to the fact that the addition of 

2.5% polymer in GGBFS concrete will fill all the pores of concrete and develop a good bond between the 

particles of cement, sand and aggregates, thereby increasing the strength properties. 

Figure 3 Variation of Flexure strength 

 
Fig.4 shows the variation of shear strength for polymer based GGBFS concrete produced by different dosage of 

polymer addition. It is observed that the shear strength of polymer based GGBFS concrete go on increasing as 

the percentage of polymer addition go on increasing up to 2.5%. Beyond this, the shear strength decreases. Thus 

the higher shear strength may be achieved by adding 2.5% polymer in GGBFS concrete. Also it is observed that 

the shear strength of polymer concrete produced by replacing 30% cement by GGBFS is higher as compared to 
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40% replacement. It is found that the polymer concrete with 30% replacement cement by GGBFS and 2.5% 

addition of polymer shows 61% increase in shear strength as compared to the reference mix. The polymer 

concrete with 30% replacement of cement by GGBFS shows higher shear strength to that of 40% replacement 

for all the percentage addition of polymer. This may be due to the fact that the addition of 2.5% polymer in 

GGBFS concrete will fill all the pores of concrete and develop a good bond between the particles of cement, 

sand and aggregates, thereby increasing the strength properties. 

Figure 4 Variation of shear strength 

 
 

IV. Conclusions 

1. Compressive strength of polymer based GGBFS concrete is higher at 2.5% addition of polymer. Also it 

can be concluded that the compressive strength of polymer concrete with 30% replacement of cement 

by GGBFS is higher as compared to 40% replacement. 

2. Tensile strength of polymer based GGBFS concrete is higher at 2.5% addition of polymer. Also it can 

be concluded that the tensile strength of polymer concrete with 30% replacement of cement by GGBFS 

is higher as compared to 40% replacement. 

3. Flexural strength of polymer based GGBFS concrete is higher at 2.5% addition of polymer. Also it can 

be concluded that the flexural strength of polymer concrete with 30% replacement of cement by 

GGBFS is higher as compared to 40% replacement. 

4. Shear strength of polymer based GGBFS concrete is higher at 2.5% addition of polymer. Also it can be 

concluded that the shear strength of polymer concrete with 30% replacement of cement by GGBFS is 

higher as compared to 40% replacement. 
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