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Abstract—Geopolymer concrete is emerging as a promising alternative to conventional concrete. It is produced from by-product 

materials such as Fly ash (FA), Silica fume, and Ground granulated Blast furnace slag(GGBS), recognized as a low emission alternative 

binder for concrete. Recent studies have shown that the properties of Geopolymers are mostly similar to those of the OPC binder that is 

traditionally used for concrete. Geopolymer has limitations of slow setting at ambient temperature which can be eliminated by using 

GGBS. In the present study, an attempt is made to study the mechanical properties of Geopolymer concrete (GPC) containing GGBS as 

an additional ingredient.  Five mix cases having varying GGBS dosages have been considered to study the mechanical properties. 

Standard cubes (150 mm), cylinders (150 mm dia. x 300mm. Length) and prisms (100 x 100 x 500 mm) were moulded to evaluate the 

mechanical properties of Fly Ash and GGBS based Geopolymer concrete. The results of the investigations indicate that all the 

mechanical properties of Fly ash and GGBS based Geopolymer concrete are in good agreement with conventional concrete properties.  
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I.   INTRODUCTION  

A Production of cement is on rise each passing day due to its extensive use by the construction industry. But the production of cement not 

only consumes natural materials but also emits CO2 into atmosphere during its production. With worldwide annual consumption of Ordinary 

Portland Cement (OPC) being close to 1.56 billion tons, CO2 released into the atmosphere due to every ton of OPC produced leads to an 

alarming situation. Every ton of Ordinary Portland Cement is responsible for 7% of world’s atmosphere CO2 loading which indeed warrants 

Engineers to identify alternate binding material for production of concrete. Geopolymer concrete (GPC) has emerged a new environment 

friendly alternate material for use in place of conventional concrete.  

Geopolymer concrete is a potential material for structural application. OPC is a ceramic material, where as Geopolymers are materials 

bonded by polymerization. It can play a significant role in green concrete technology by eliminating cement and utilizing various by-product 

materials such as Fly ash and other pozzolonic materials [1]. Previous studies indicated prospective benefits of Fly ash based Geopolymer over 

OPC concrete [2, 3]. Some studies reported that, low calcium Fly ash based Geopolymer concrete attained excellent mechanical and durability 

properties, when cured in high temperature [4, 5, 6]. 

Geopolymer materials symbolize green building technology that is generating enormous interest in the construction industry in view of it 

being sustainable material.  Prof. J. Davidovits invented that the polymerization process involves a chemical reaction under alkaline condition 

on Si-Al minerals that result in 3D polymeric chain and ring structure consisting of Si-O-Al-O bonds. The main theory behind this 

Geopolymer is that when source materials like Fly ash or rice husk which is rich in silica and alumina is mixed with alkaline activating 

solution (NaOH & Na2SiO3 solution or KOH & K2SiO3 solution) and Geopolymer can be developed in the form of -Si-O-Al-O- or –Si-O-Al-

O-Si-O- or –Si-O-Al-O-SiO-Si-O-. 

Geopolymer is an inorganic polymer, that is produced from various alumino-silicate materials such as Fly ash, blast furnace slag etc. 

reacted by alkaline solution [7]. Geopolymerisation concept can be explained with different reactions like destruction-coagulation, 

coagulation-condensation and condensation-crystallisation [8, 9]. 

Many factors influence the polymerisation reaction, which include chemical composition of the binder, the alkaline solution, curing 

condition and water content. Polymerization process of such concrete is accelerated at higher temperature than ambient.  Fly ash based 

Geopolymer paste reacts slowly at low ambient temperature as compared to heat cured samples at temperature of up to 85
0
C [10, 11, 12].  

The calcium content in the Fly ash was found to have major impact on the resulting hardened Geopolymer. Calcium oxide is believed to 

form calcium silicate hydrate (C-S-H), along with the aluminosilicate Geopolymer gel [13, 14, 15]. Most studies reported are on the Fly ash 

Geopolymer blended with some additional materials [16]. The amount of internal and external calcium in the Fly ash is found to have 

significant impact on the resulting Geopolymer [17]. Several researchers have studied the suitability of Fly ash based Geopolymers mixed with 

silica fume, metakaolin and blast furnace slag. Temuujin et al. [18] explained that, addition of calcium oxide and calcium hydroxide as a 

replacement of Fly ash improved mechanical properties of ambient cured samples and decreased properties of oven cured samples at 70
0
C. Fly 

ash based Geopolymer has also been reported to improve by enhancing the reactivity of Fly ash [19]. But, the Geopolymerisation process and 

its resulting products may also be influenced by other factors such as, the type and properties of aluminosilicate sources and composition of 

alkaline solution [20, 21, 22].Some studies are also reported on identifying compressive and flexural strengths of Fly ash and GGBS based 

Geopolymer concrete [23]. 

It may be noted that, most of the studies on Geopolymer concrete have been done on either heat cured or steam cured condition than 

ambient one. This type of concrete can be precast easily. But it is not always practicable in cast-in-situ applications due to delayed setting and 

slow strength development in ambient condition. Therefore it is necessary to investigate the Geopolymer concrete properties suitable for 

ambient curing condition. This study is aimed at identifying improved mechanical properties of low calcium Fly ash based Geopolymer with 

addition of GGBS. In the earlier studies [24,25], authors investigated influence of GGBS on micro structural properties of Fly Ash based 

Geopolymer concrete and also designated the mixes based on compressive strength values.  
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II.  EXPERIMENTAL PROGRAMME 

2.1 Materials 
Source materials such as low-calcium Fly ash-Class F, and GGBS have the chemical composition as shown in Table 1 and is within the 

limits specified by IS 3812-2003 & IS 12089-1987. The combination of sodium hydroxide (NaOH) and sodium silicate (Na2SiO3) solution is 

used as alkaline solution. Natural river sand was used as fine aggregate and Crushed granite stones of size 20 mm and 10 mm were used as 

coarse aggregate. The gradation of fine aggregate and coarse aggregate was determined as per IS 383-1970 & IS 12089-1987. 

 

Table 1 Chemical Composition of Fly Ash and GGBS 

Material SiO2 Al2O3 Fe2O3 CaO MgO Na2O K2O SO3 SiO2/Al2O3 Loss of 

ignition 

Fly ash % 
60.59 24.54 2.83 3.39 1.60 0.27 0.83 0.55 1.5 1.45 

GGBS% 35 10 1.3 40 8 0.3 0.6 2.93 3.5 1.87 

 

2.2 Mixture Proportions 

In the design of the Geopolymer concrete mix, total aggregate is taken as 70% of entire mixture of mass. The remaining proportion of the 

entire mixture other than aggregates is of the binding materials Fly ash and GGBS. Five mixture proportions pertaining 5 grades of concrete 

used in the present work are shown in Table 2. 

 

Table 2 Details of Mixture Proportions in kg/m
3
 

Mix ID Fly Ash GGBS Sand Coarse Aggregate NaOH Na2sio3 

G20 432 48 590 1090 69 171 

G30 384 96 590 1090 69 171 

G40 336 144 590 1090 69 171 

G50 288 192 590 1090 69 171 

G60 240 240 590 1090 69 171 

 

2.3 Method of Preparation 

In the laboratory, Fly ash, GGBS and the aggregates were first mixed together dry on pan mixer for about three minutes (Figure 1). 

Alkaline liquid is then added to the dry materials and the mixing continued usually for another four minutes. The Fly ash, GGBS and alkaline 

activator were mixed together in the mixture until homogenous paste is obtained (Figure 2). The fresh concrete has a medium consistency with 

cohesive nature and was glossy in appearance. Fresh Geopolymer mixture is tested for setting time, workability, then filled in respective 

moulds and kept under shade for one day. Specimens were demoulded after one day and were kept under the shade until the day of test. Six 

cubes of 150 mm, 6 prisms of 100x100x500 mm, 12 cylinders of 150x300 mm were moulded to evaluate Compressive strength, Flexural 

strength, Split tensile strength, Modulus of elasticity and Poisson’s ratio values. GPC samples are tested in accordance with the standard 

guidelines given for OPC samples and the same are shown in Figure 3 

 

 
Figure 1 Constituents of GPC                                          Figure 2 View of Fresh GPC Mixture 

 
Figure 3 Test Setup for Mechanical Properties of GPC 
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III. RESULTS AND DISCUSSIONS 

(a) Compressive Strength 

GPC cubes are tested for compressive strength after 28 days of ambient curing. Compressive strength values have increased from 27.3 

MPa to 70.8 MPa which are designated as G20 to G60 as shown in Figure 4. Geopolymerisation reaction gives a byproduct called, Si-O-Al-O-

Si which gives strength property to GPC. But as GGBS is added to Fly Ash based GPC, additional calcium will react with silicates and shows 

formation of similar bond like C-S-H. This may be the reason to show increased strength values as GGBS dosages increased. The same is 

confirmed by authors through microscopic investigations in the earlier research [24]. 

 

 
Figure 4 Experimental Target Compressive Strength v/s Designated Grade 

 

The results of compressive strength results are close to target strength value of all the grades. The percentage error between target 

compressive strength and experimental compressive strength for different grades of Geopolymer concrete is within 6 % as shown in Table 3. 

 

Table 3 Comparative Results of Theoretical and Experimental Compressive Strength 

MIX-ID Theoretical Target strength, fck Experimental compressive strength ,  fck % error 

G20 26.6 27.3 2.5 

G30 38.2 40.5 6.0 

G40 48.2 49.3 2.1 

G50 58.2 60.4 3.6 

G60 68.2 70.8 3.6 

 

(b) Flexural Strength  

As depicted in Figure 5, flexural strength test results are found to increase with the grade of Geopolymer concrete. 

 

 
Figure 5 Experimental Flexural Strength v/s Designated Grade of GPC 
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Theoretical flexural strength for each grade of GPC is computed by using standard relation between compressive strength and flexural 

strength of concrete given in IS 456 and they are compared with the experimental test results. The percentage error between experimental and 

theoretical values are found to be in the range of -2.0 to +7.7 as shown in the Table 4. 

 

Table 4 Comparative Results of Experimental and Theoretical Flexural Strength 

MIX-ID 

fck, 

MPa   

Experimental flexural 

strength, ft, MPa 

Theoretical flexural strength, 

ft=0.7√fck %error 

G20 20 2.9 3.1 7.7 

G30 30 4.1 3.8 -6.7 

G40 40 4.5 4.4 -2.1 

G50 50 4.9 4.9 0.0 

G60 60 5.3 5.4 2.8 

 

(c) Split Tensile Strength  

Split tensile strength is calculated after testing cylinder specimens and the results are shown in Figure 6.Test results are increased from 2.5 

to 4.8 MPa for G20 to G60 mixes. 

 

 
Figure 6 Experimental Split Tensile Strength v/s Designated Grade of GPC 

 

(d) Modulus of Elasticity Results 

Modulus of elasticity is evaluated after testing cylinder specimens and the results are shown in Figure 7. 

 

 
Figure 6 Experimental Modulus of Elasticity Values v/s Designated Grades of GPC 
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Experimental Modulus of elasticity results are compared with theoretical results by using relation between compressive strength and 

modulus of elasticity of concrete given in IS 456-2000 code. The percentage error between experimental and theoretical values of Modulus of 

elasticity is observed to be is in the range of -5% to +13%. 

 

Table 5 Variation between experimental and theoretical modulus of elasticity results 

MIX-ID fck, MPa 

Experimental modulus of elasticity,  

Ec, GPa 

Theoretical modulus of 

elasticity, Ec = 5000√fck %error 

G20 20 23.6 22.3 -5.2 

G30 30 26.7 27.3 2.5 

G40 40 28.9 31.6 9.5 

G50 50 31.2 35.3 13.2 

G60 60 33.6 38.7 15.0 

 

(e)  Poisson’s Ratio 

For evaluating Poisson’s ratio, two dial gauges are kept along longitudinal and lateral directions to observe both strains simultaneously and 

thus Poisson’s ratio values are calculated. These experimental values for the corresponding designated grades of GPC are shown in Figure 7. 

 

 
Figure 7 Experimental Poisson’s Ratio values v/s Designated Grades of GPC 

 

Poisson’s ratio for normal concrete ranges from 0.15 to 0.2, whereas GPC shows slightly higher values from 0.17 to 0.23. This is because 

GPC shows slightly higher lateral strain values than OPC samples.   

    

IV. CONCLUSIONS 

Based on the experimental work carried out, the following conclusions are drawn:  

 Compressive strength of GPC mixtures range from 27.3 to 70.8 MPa for G20 to G60 grades.  Maximum percentage error between 

target strength and experimental compressive strength is 6%.  

 While Flexural strength values for G20 to G60 grades of GPC range from 2.9 to 5.3 MPa, the maximum percentage error between 

theoretical and experimental results is 7%. 

 Split tensile strength results range from 2.5 to 4.8 MPa for all five grades of GPC. 

 Modulus of Elasticity values of GPC mixture vary from 23.5 to 33.6 GPa with maximum percentage error between theoretical and 

experimental results as 15%. 

 Poisson’s ratio values for GPC mixtures are slightly higher than OPC mixtures with maximum value of 0.23.  

 The results of investigation are encouraging with GPC mixtures satisfying the relationships between key mechanical properties of 

conventional concrete given in IS 456. As the experimental results are within plus or minus 15% of error, the same relationship hold 

good for Geopolymer concrete mixtures. 

 

REFERENCES 
[1] M.C.G. Juenger, F. Winnefeld, J.L. Provis, J.H. Ideker, Advances in alternative cementitious binders, Cement Concrete Research, 

41(2010) 1232-1243. 

[2] D. Hardjito, Studies of fly ash-based geopolymer concrete. Doctoral Dissertation. Curtin University of Technology, Perth, Australia, 

2005. 

[3] B.V. Rangan, Low-calcium fly ash-based geopolymer concrete, E. G. Nawy (ed.), Concrete Construction Engineering Handbook, 2nd 

ed., New York: CRC Press, 2007. 

http://www.jetir.org/


December 2017, Volume 4, Issue 12                                                                                         JETIR (ISSN-2349-5162)  

JETIR1712142 Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org 1033 

 

[4] S.E. Wallah, B.V. Rangan, Low-calcium fly ash-based geopolymer concrete: long-term properties. Research Report GC 2, Faculty of 

Engineering, Curtin University of Technology, Perth, Australia, 2006. 

[5] B.V. Rangan, Fly ash-based geopolymer concrete, Research report GC 4, Curtin University of technology, Perth, Australia, 2008.  

[6] A.M. Fernandez-Jimenez, A. Palomo, C.L. Hombrados, Engineering properties of alkali-activated fly ash concrete. ACI Mater J. 

103(2006), 106–112.  

[7] J. Davidovits, Geopolymer Chemistry and Application, 2nd ed., Saint-Quentin, France: Institut Géopolymère, 2008. 

[8] V.D. Glukhovsky, Ancient, Modern and Future Concretes, in: P.V. Krivenko (Ed.), Proceedings of the First International Conference 

on Alkaline Cements and Concretes, VIPOL Stock Company, Kiev, Ukraine, 1994, pp. 1–9.  

[9] P. Duxson, A.M. Fernández-Jiménez, J.L. Provis, G.C. Lukey, A. Palomo, J.S.J. van Deventer, Geopolymer technology: the current 

state of the art. J. Mater Sci. 42(2007) 2917-2933.  

[10] K. Vijai, R. Kumutha, B.G. Vishnuram, Effect of types of curing on strength of geopolymer concrete, Int. J. Physical. Sci. 5 (2010) 

1419-1423.  

[11] A. Palomo, M.W. Grutzeck, M.T. Blanco, Alkali-activated fly ashes a cement for the future, Cem Conc Res. 29 (1999) 1323–1329. 

[12] J.G.S. Van Jaarsveld, J.S.J. Van Deventer, Effect of the alkali metal activator on the properties of fly ash based geopolymers, Ind Eng 

Chem Res. 38(1999) 3932–3941. 

[13] C.K. Yip, G.C. Lukey, J.L. Provis, J.S.J. van Deventer, Effect of calcium silicate sources on geopolymerization, Cem Conc Res. 

38(2008) 554–564. 

[14] M.L. Granizo, S. Alonso, M.T. Blanco-Varela, A. Palomo, Alkaline activation of metakaolin: effect of calcium hydroxide in the 

products of reaction, J. Am. Cer. Soc. 85(2002) 225–231.  

[15] K. Dombrowski, A. Buchwald, M. Weil, The influence of calcium content on the structure and thermal performance of fly ash based 

geopolymers, J. Mater Sci. 42(2007) 3033–3043. 

[16] A. Rashad, A comprehensive overview about the influence of different admixtures and additives on the properties of alkali-activated 

fly ash. Mater Des. 53(2014) 1005-1025.  

[17] K. Somna, W. Bumrongjaroen, Effect of external and internal calcium in fly ash on geopolymer formation, Proceedings of 35th 

International Conference on Advanced Ceramics and Composites, Daytona Beach, Florida, January 23-28, 2011. 

[18] J. Temuujin, A. van Riessen, R. Williams, Influence of calcium compounds on the mechanical properties of fly ash geopolymer 

pastes, J. Haz. Mater, 167(2009) 82-88. 

[19] K. Somna, C. Jaturapitakkul, P. Kajitvichyanukul, P. Chindaprasirt, NaOH-activated ground fly ash geopolymer cured at ambient 

temperature, Fuel, 90(2011) 2118-2124. 

[20] E.I. Diaz, E.N. Allouche, S. Eklund, Factors affecting the suitability of fly ash as source material for geopolymers, Fuel 89(2010) 

992–996. 

[21] P. Nath, P.K. Sarker, Effect of GGBFS on setting, workability and early strength properties of fly ash geopolymer concrete cured in 

ambient condition. Const Build Mater. 66 (2014) 163–171.  

[22] P. Nath, P.K. Sarker, Geopolymer concrete for ambient curing condition. In: Proceedings of Australasian structural Engineering 

conference (ASEC 2012), Perth, Australia, July 11-13 2012. 

[23] V. Bhikshma, T. Naveen Kumar, Mechanical Properties of Fly Ash based Geopolymer concrete with addition of GGBS, The Indian 

Concrete Journal, September 2016. 

[24] Annapurna, Ravande Kishore, A Study on microstructure of GGBS and Fly Ash based Geopolymer concrete, Seventh international 

conference on Recent Engineering And Technology (ICRET 2017), Hyderabad, April 7, 2017 

[25] Mary Sowjanya, Annapurna, Ravande Kishore, Grade designation of Fly Ash and GGBS based Geopolymer concrete, 1st National 

conference on Advances of Construction Engineering for Sustainability, ITS, Hyderabad, October 6, 2017 

[26] IS 1199:1959, Indian standards for methods of sampling and analysis of concrete, Bureau of Indian standards, New Delhi. 

[27] IS 4031-1988 (part 5), Indian standards for Methods of physical tests for hydraulic cement, Part 5: Determination of initial and final 

setting times. Bureau of Indian standards, New Delh. 

[28] IS 456-2000, Indian standards for design of reinforced cement concrete, Bureau of Indian standards, New Delhi. 

 

 

 

http://www.jetir.org/

