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ABSTRACT 

Cement is a fundamental raw material used in construction. Production of cement releases large 

amount of CO2 which is a major cause for the global warming issue. Hence calculated percentage 

of cement can be replaced by other materials such as fly ash, rice husk ash, Metakaolin, silica 

fume etc.  Fly ash is one of the most normally preferred substitutes for cement because concrete 

workability and durability are enhanced by fly ash by their small size and round shape. A 

mathematical model was constructed using SPSS software for the strength characteristics like 

compressive strength, split tensile strength when cement is fully  replaced with fly ash 

.Fluid/binder ratio is the main parameter which influence the strength characteristics. A 

comparative study between the results obtained from the laboratory and SPSS has been made and 

it is found that the differences between these two values are  minimum. 
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INTRODUCTION 

 Fly ash is the mineral residue produced during combustion of coal, and comprises the fine 

particles that rise with the flue gases. Fly ash comes primarily from coal-fired electricity 

generating power plants. These plants grind coal to powder fineness before it  is burned. 

Effective utilization of wastes should be carried out in a profitable manner there by reducing the 

volume of waste. The disposal of fly ash has become mandatory as it poses a serious 

environmental issue. In India, out of the more than 110 million tons of fly ash produced 

annually, the unused fly ash occupies vast track of valuable land as ash ponds. It is being used in 

production of concrete by partial (only 20-25 %) replacement of cement. 

 

In 1978, Joseph Davidovits developed Inorganic polymeric materials and coined the term 

“Geopolymer” for it (1990). Geopolymer has the potential to replace ordinary Portland cement 

and produce fly ash-based Geopolymer mortar with excellent physical and mechanical 

properties. In order to produce Geopolymer, low-calcium fly ash needs to be activated by an 

alkaline solution to produce polymeric Si-O-Al bonds. Geopolymer has the potential to reduce 

greenhouse emissions by 80%. A complete replacement of cement can be achieved using 
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Geopolymer technology. Fly ash when in contact with alkaline solutions forms inorganic 

Alumino-Silicate polymer product known as Geopolymer. These novel geopolymer cements, 

which have unique properties such as high early strength, low shrinkage, sulphate and corrosion 

resistance could become a viable alternative to conventional cement and hence substantially 

reduce CO2 emission caused by the cement and concrete industries. 

 

MATERIALS AND METHODS 

Fly ash is comprised of the non-combustible mineral portion of coal. When coal is consumed in a 

power plant, it is first ground to the fineness of powder. Blown into the power plant’s boiler, the 

carbon is consumed – leaving molten particles rich in silica, alumina and calcium. These 

particles solidify as microscopic, glassy spheres that are collected from the power plant’s exhaust 

before they can “fly” away. Thus fly ash is a residue generated in combustion that rises with the 

flue gases and is captured by electrostatic precipitators or other particle filtration 

equipment.Using the different mixes the geopolymer moulds are prepared and are tested for 

strengths after curing in 7,14,28 days. The split tensile and compressive strengths are determined 

using the Compression Testing Machine ( CTM ). 

 

Geopolymers are a novel class of materials that are formed by the polymerization of Silicon, 

Aluminium, and Oxygen species to form an amorphous three-dimensional framework structure. 

As a novel binder, the performance of fly ash based geopolymers is promising; especially in 

some aggressive situations where Portland cement concretes are vulnerable. Geopolymer binders 

might be a promising alternative in the development of acid resistant concrete. Since 

Geopolymers are a novel binder that relies on Alumina-silicate rather than Calcium silicate 

hydrate bonds for structural integrity, they have been reported as being acid resistant. 

 

EXPERIMENTAL RESULTS AND DISSCUSSION 

 

Geopolymer mix design 

 

Cement is fully replaced by fly ash. Detailed mix proportions it is given below. Results of 

compression strength test, split tensile strength on these mixes test are listed. 

 

Mix Proportions 

 

Mix ratio : 1 : 2.5 [Fly ash : sand]-cube 

 

Mould size :  50x 50 x 50mm 

Volume of cube = 0.125x10
-3

m
3
 

Unit weight of fly ash/ fly ash to sand ratio = 2370/(1+2.5) = 677.1kg/m
3
 

For one cube: 

Amount of fly ash = 677.14 x 0.125x10
-3

 =0.0846kg 

Amount of sand = 2.5 x 0.0846 = 0.21160kg 

Amount of NaOH = 9.6% of fly ash 

Amount of Na2SiO3 = 24% of fly ash 

Molarity to be used in the concrete is 16 molar in which 444 grams of NaOH solids dissolved 

in 556 grams of water. From the reference of B.V. Rangan document, 
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Amount of NaOH solution = 9.6% x 0.0846 = 8.12 x10
-3

kg 

So, Solid (NaOH) = 0.444 x 8.12 x10
-3

 = 3.605  x10
-3

kg 

Water (H2O) = 0.556 x 8.12 x10
-3

 = 4.51x10
-3

 L 

Amount of Na2SiO3 = 24% x 0.0846 = 0.02030 kg 

W/B ratio = (H2O + NaOH + Na2SiO3)/ FA 

Amount of water for 0.416 = (0.416 x 0.0846) –8.12 x10
-3

  – 0.02030        = 6.7736x10
-3

 L 

 

Mix ratio : 1 : 2.5 [Fly ash : sand] –cylinder 

 

Mould size : height=100mm ,dia=50mm 

Volume of cube = 3.14xrxrxh=3.14x25x25x100=0.196x10
-3

 m
3
 

Unit weight of fly ash/ fly ash to sand ratio = 2370/(1+2.5) = 677.14 kg/m
3
 

For one cylinder: 

Amount of fly ash = 677.14 x0.196x10
-3

 m
3
 =0.132kg 

Amount of sand = 2.5 x  0.132= 0.3317kg 

Amount of NaOH = 9.6% of fly ash 

Amount of Na2SiO3 = 24% of fly ash 

Molarity to be used in the concrete is 16 molar in which 444 grams of NaOH solids dissolved 

in 556 grams of water. From the reference of B.V. Rangan document, 

Amount of NaOH solution = 9.6% x 0.132 = 0.0126kg 

So, Solid (NaOH) = 0.444 x  0.0126 = 5.62 x10
-3

kg 

Water (H2O) = 0.556 x 0.0126= 7.00x10
-3

L 

Amount of Na2SiO3 = 24% x  0.132= 0.03168kg 

W/B ratio = (H2O + NaOH + Na2SiO3)/ FA 

Amount of water for 0.416 = (0.416 x 0.132) – 0.0126 -0.03168= 0.010632L 

 

 

F/B ratio Days of curing Compressive 

strength in Mpa 

Split tensile strength 

in Mpa 

0.376 7 20.34 2.84 

 14 27.32 4.1 

 28 35.61 4.4 

0.386 7 32 3.1 

 14 37 4.2 

 28 43.75 4.6 

0.396 7 37.64 4.29 

 14 39.54 4.89 

 28 48.83 4.9 

0.416 7 38.66 4.35 

 14 47 5.04 

 28 62.35 5.46 

 

 

Table 1 The mean Compressive strength, Split tensile strength results of geopolymer mortar 

(1:2.5) 
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Comparative study of Compressive strength of geopolymer mortar 

 

 

The comparative study has been made between the experimental value and the theoretical 

values which are derived from the software. 

 

 
Figure1Comparative study of theoretical and experimental values of Compressive strength at 7 

days (1:2.5) 

 

 
Figure2 Comparative study of theoretical and experimental values for Compressive strength at 

14 days(1:2.5) 
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Figure3 Comparative study of theoretical and experimental values for Compressive strength at 

28 days(1:2.5) 

 

The replacement of cement with fly ash ,the compressive strength at 7,14 and 28 days are 

considered in this comparison Figures(1,2,3) . The experimental values and the results from three 

different regression methods are compared and it is clear that the differences in values between 

experimental results and the theoretical results from the software is minimum. 

 

From the result it has been noted that the forward regression and the stepwise regression is 

giving the same values and parameters affecting the strength are same. The backward 

regression is the method which gives more number variable which is affecting the strength 

properties 

 

Comparative study of Split tensile strength of geopolymer mortar 

 

The comparative study has been made between the experimental value and the theoretical 

values which are derived from the software. 

                                                                                    

 
Figure 4 Comparative study of theoretical and experimental values for Split tensile strength at 7 

days(1:2.5) 
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Figure 5 Comparative study of theoretical and experimental values for Split tensile strength at 

14 days(1:2.5) 

      

 
 

Figure 6 Comparative study of theoretical and experimental values for Split tensile strength at 

28 days(1:2.5) 

 

The replacement of cement with fly ash ,the compressive strength at 7,14 and 28 days are 

considered in this comparison Figures(4,5,6) . The experimental values and the results from three 

different regression methods are compared and it is clear that the differences in values between 

experimental results and the theoretical results from the software is minimum. 

From the result it has been noted that the forward regression and the stepwise regression is 

giving the same values and parameters affecting the strength are same. The backward 

regression is the method which gives more number variable which is affecting the strength 

properties. 
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CONCLUSION 

 Fluid binder ratio (X4) is the main parameters which are influencing the strength 

characteristics. 

 

 In stepwise and forward regression models the parameters influenced the equation were 

same. In the case of backward regression model more number of parameters were 

involved in all strength characteristics. Hence the backward regression is the best method 

which gives the accurate result. 

 

 The difference in values of strength characteristics such as compression, tensile which 

were obtained from the laboratory and the predicted value from SPSS software is 

minimum. 

 

 The R
2
 value indicates that the model is significant. 

 

 As the days of curing increases, the difference in values of strength characteristics such 

as compression, tensile which were obtained from the laboratory and the predicted value 

from SPSS software is minimum. 
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