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Abstract: This study aimed to evaluate the strength properties of geopolymer concrete using fly ash and ground granulated blast 

furnace slag (GGBS) with the addition of a super plasticizer at a grade M20. The study used 70%  fly ash and 30% GGBS to 

replace the cement content of the concrete mix, and sodium hydroxide and sodium silicate were used as Alkaline activators. The 

concentration of (NaOH) solution was maintained at 8 molarity and the dosage of activator ratio is 2.5 is a combination of 

sodium silicate and sodium hydroxide ratio. The compressive strength of the geopolymer concrete was tested at different ages (7, 

14, and 28 days) to evaluate the strength properties. The results showed that the addition of fly ash and GGBS significantly 

improved the strength properties of the geopolymer concrete. Moreover, the optimized dosage of the super plasticizer was found 

to be 1% of the total weight of the mix. The study concludes that the use of fly ash and GGBS in geopolymer concrete can 

significantly improve its strength properties, and the addition of a super plasticizer can enhance its workability. This finding 

suggests that geopolymer concrete could be a viable alternative to conventional concrete in construction applications .The test 

result shows encouraging results of ordinary Portland cement concrete and geo polymer concrete so one can easily replace 

ordinary concrete with geopolymer concrete for precast applications. 
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I. INTRODUCTION 

Geopolymer concrete is an alternative concrete in which an alkali activated alumina silicate material is used as the binder instead of 

the traditional cement binder. Thus the traditional binder based on cement or cement and other puzzolanic materials is replaced by 

the alkali activated inorganic binder in geopolymer concrete. Geopolymer concrete is a type of concrete that is made using industrial 

by-products like fly ash and slag instead of traditional cement.  It plays a vital role in the context of sustainability and environmental 

issues.  

Cement production contributes the release of carbon dioxide gas (CO2) in a massive amount which is responsible for around 8% of 

world wide CO2 emission.  

In order to decrease the CO2 emission, it is necessary to limit the production and usages of OPC. Approximately 5% of global CO2 

emissions originate from the manufacturing of Portland cement. On the other hand, industrial by-product materials such as slag has 

been shown to release up to 80% less greenhouse gas emissions and there are 80% to 90% less greenhouse gas emissions in the 

production of fly ash. Therefore, a full replacement of OPC with GGBS or fly ash would significantly reduce the CO2 emission of 

concrete production 

The major processes involve the reaction between an aluminosilicate source such as fly ash, metakaolin or blast furnace slag and an 

alkaline solution which leads to final hardening of the material by exclusion of excess water and the growth of an inorganic polymer. 

The chemical reaction and the rate of strength development of geopolymer concrete are influenced by several factors based on 

chemical compositions of the source materials, alkaline activators and curing condition 

The development of geopolymer concrete without curing at elevated heat will widen its application to the areas beyond precast 

concrete members. Elimination of the elevated heat for curing will also reduce the cost and energy associated with the heat curing 

process.  

. 
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II. LITERATURE REVEIW 

Djwantoro Hardjito et al (2020) was described in its impact on the characteristics and strength of fly ash-based geopolymer concrete. 

Variables for test include: age, curing time, heat treatment temperature, geopolymer number of super plasticizer, rest before heat 

treatment and water quality of mixture.  

The test variables included the time of testing. Ground-grained fuel-fired (GGBS) blasting creates the glass-dried granular product, 

which is then dried into fine powder by quenching the moulded slag of iron (a by-product of the manufacture of iron and steel) from 

a fired flame or steam oven. The base-granulate blasting oven is a strongly cemented and high CSH (calcium silicate hydrates) 

compound that increases the concrete’s strength, toughness and appearance.  

P. Subathra et al. (2020) concluded that mortar ductility is substantially linked to this gain and loss measure. Two different fly ash 

with strengths from 5 MPa to 60 MPa was prepared for this. They concluded that strength losses decrease as ductility increases, 

even strength increases when ductility is high. This relation has a high thermal incompatibility because of the high ductility mortar. 

The two opposing process is thought to occur in morteries: (1) geo-polymerization and/or sintering at high temperatures, resulting in 

a substantial rise in temperature; (2) mortar damage due to non-uniform thermal distribution. The power gain or loss occurs 

depending on the dominant mechanism 

Patankar S.V et al. (2018) studied effect of duration and temperature curing on compressive strength of fly ash based of geopolymer 

concrete and observed while finding effect of concentration of sodium hydroxide on fly ash based geopolymer concrete that the 

compressive strength of geopolymer concrete increases with increase in the concentration of sodium hydroxide solution for all 

temperatures but the rate of gain of strength at and above 600C is not very significant. 

Zhang H.Y. et al. (2018) based on their experimental results on the bond behaviour between geopolymer concrete and rebar reported 

that Geopolymer concrete exhibits significant temperature induced degradation in bond strength, when exposed to temperatures 

above 300˚C also Bond strength of geopolymer concrete was found to decrease at the same rate as that of splitting tensile strength 

with temperature, but this degradation is at a higher pace than that of the compressive strength 

Patankar S.V. et al. (2018) studied effect of various concentrations of sodium hydroxide solution in terms of molarity at solution to 

fly ash ratios of 0.30, 0.35, and 0.40 on workability in terms of flow in plastic state and effect of degree of heating on compressive 

strength.  

They reported that the workability as well as compressive strength of geopolymer mortar increases with increase in concentration of 

sodium hydroxide solution in terms of molarity and they recommended, 13-molar solution of sodium hydroxide is recommended on 

the basis of workability and compressive strength. 

Oyebisi S et al. (2018) investigated the utilization of both corncob ash and ground granulated blast furnace slag as source materials 

activating with both sodium hydroxide (NaOH) and sodium silicate (Na2SiO3) solutions in the production of geopolymer concrete 

and reported that the geopolymer concrete with 12 M sodium hydroxide shows a higher compressive strength when compared with 

the Portland cement concrete.  

Comparing with the Portland cement concrete, the optimal replacement level of both ground granulated blast furnace slag and 

corncob ash for optimum strength is obtained at 60% and 40% respectively.  

Lăzărescu A et al. (2018) investigated on the parameter affecting the mechanical property of fly ash based geopolymer concrete 

while keeping the alkaline liquid to fly ash mixing ratio constant, they varied the Na2SiO3 to NaOH solution ratio and the NaOH 

solution concentration, Results showed that by increasing the sodium silicate solution content in the mixtures, a significant increase 

in the compressive strength can be obtained. 

Manimaran, E and Mohan kumar, G (2017) carried out an investigation on influence of sodium hydroxide concentration on the 

strength of fly ash based geopolymer concrete and reported that the strength of ambient cured specimens is always less and about 

95% to 97% of the hot cured concrete irrespective of the molarity of NaOH solution. Under specified concentration of NaOH, the 

required strength of Geopolymer concrete can be achieved by ambient curing itself and hot curing is not at all required under 

laboratory condition. Hot curing may be employed in case of fabrication of precast units. 

N.Manoj kumar (2016) investigated the compressive strength and micro-structural properties of a 

Class C fly ash Geopolymer. They have concluded that when a mixed alkaline triggering unit with the optimum module viz, the 

SiO2/Na2O molar proportion was enabled, a high compressive strength was obtained. The CFA is activated and, because of the 

dissolution of alumino-silicate in the high pH alkaline solution, the sphere appears assaulted and destroyed. The use of this fly ash in 

geopolymer materials is a method that saves money and energy and indirectly reduces greenhouse gas emissions from cement 

processing. This is good for the conservation of resources and the preservation of the environment. 
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III. MATERIALS AND METHODOLOGY 

A. Materials 

1) Fly Ash:   Fly ash is fine grey powder that is a by-product material of pulverized bituminous coal blown into a fire furnace 

which is produced in electricity generating thermal power station.  

Specific gravity Fly Ash = 2.26.  

Fineness of the Fly Ash = 360 m²/kg.  

 

2) Aggregate 

Coarse and fine aggregates used by the concrete industry are suitable to manufacture geopolymer concrete. The properties of 

aggregates used are listed below:  

 Specific gravity of Fine Aggregate  = 2.68  

 Specific gravity of Coarse Aggregate = 2.67  

 Fineness modulus = 2.77  

 Fine Aggregate is confirmed to zone-II ( IS: 383 – 1970) 

 Fineness Modulus = 2.21 ( coarse aggregate of size ranging from 12.5 to 5mm)  

 

 

                                       
Fig. 1 Fly Ash                           Fig. 2 Coarse Aggregate                  Fig. 3 Fine Aggregate 

 

3) Alkaline Liquid 

The alkaline liquid is prepared by mixing sodium silicate and sodium hydroxide solutions together at least 24 hours prior to use for 

thorough mixing and reaction. The sodium silicate solution is commercially available in different grades. The sodium silicate 

solution with sodium hydroxide ratio by mass of 2.5 is used. The sodium hydroxide with 97-98% purity in pellet form is 

commercially available. The solids dissolved in water to make a solution with the required concentration. The concentrations of 

sodium hydroxide solution are kept as 8 Mole. The mass of NaOH solids in a solution varies depending on the concentration of the 

solution. 

 

4) GGBS 

Ground-grained fuel-fired (GGBS) blasting creates the glass dried granular product, which is then dried into fine powder by 

quenching the moulded slag of iron (a by-product of the manufacture of iron and steel) from a flame-fired flame or steam oven .The 

base-granulate blasting oven is a highly cemented and high CSH (calcium silicate hydrates) compound that enhances the concrete’s 

strength, durability and appearance. The GGBS used for this study was received from ACC Jamul, Durg (C.G). 

 

5) Admixture 

Sulphonated naphthalene formaldehyde is a high-range water reducing admixture for concrete. It is also called naphthalene super 

plasticizer or SNF super plasticizer. It has the advantages of high water reduction rate, neither retardation nor air entrainment, and 

strong adaptability. So sulphonated naphthalene can greatly improve the workability of concrete and reduce the water consumption 

for mixing, and can significantly increase the strength of concrete. The Admixture used for this study was purchased from India 

mart. 
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Fig. 4 Alkaline Liquid              Fig. 5 GGBS                Fig. 6 Super Plasticizer 

 

 

B. Methodology 

1) Flow Chart of Mixing and Casting of Geo Polymer Concrete 

 

 
 

2) Geopolymer Concrete Mix Design as Per IS10262-2019 

Geo polymer concrete (GPC) represents a rather recent development in concrete materials technology and its GGBS based concrete, 

possessing the most desirable properties during fresh as well as hardened concrete stages. GPC is superior to conventional cement 

concrete (CCC) as the ingredients of GPC contribute most optimally and efficiently to the various properties. To produce GPC mix 

it is essential that it requires careful selection and proportioning of the ingredients which are almost the same as that CCC. There is 

no standard code or specified IS code for Geo polymer concrete mix design and therefore we have used IS10262-2019 for mix 

design.   

Cementitious Material (70% Fly Ash + 30% GGBS) - 436 kg / m3 

Na2SiO3 / NaOH                                                           - 2.5 

(Na2SiO3 + NaOH) / Cementitious Material                - 0.45 

NaOH solid                                                                    - 17.94 kg / m3 

Water (added with NaOH solid)                                    - 38.12 kg / m3 

Na2Sio3 solution                                                            - 140.14 kg / m3 

Coarse aggregate                                                             - 1308 kg / m3 

Fine aggregate                                                                 - 654 kg / m3 

Molarity                                                                           - 8 Mole 
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3) Preparation of Specimen 

The concrete batch is mixed on a water tight, non-absorbent steel platform with a shovel, trowel and similar suitable implement, 

using the following procedure.  

 The fly ash and fine aggregate is mixed dry until the mixture is thoroughly blended and is uniform in colour  

 The coarse aggregate is added and mixed with the fly ash and fine aggregate until the coarse aggregate is uniformly distributed 

throughout the batch.  

 The chemical solution is added and the entire batch is mixed until the concrete appears to be homogenous and has the desired 

consistency. If repeated mixing is necessary, because of the addition water in increments while adjusting the consistency, the 

batch is to be discarded and fresh batch is made. 

 

a) Mixing and Casting 

The fresh fly ash classified as low calcium was used. The aggregates were prepared in saturated surface dry condition, and were 

kept in plastic buckets. Thorough mixing was carried out. The aggregates and the fly ash were dry mixed by hand mixing for about 

three minutes. The liquid part of the mixture, sodium silicate solution and sodium hydroxide solution mixed twenty four hours 

earlier for thorough mixing and reaction. The wet mixing of liquid and dry mixture of aggregates usually continued for another four 

minutes. 

 

b) Curing 

 Heat-curing of low-calcium fly ash-based geopolymer concrete is generally recommended. Heat-curing substantially assists the 

chemical reaction that occurs in the geopolymer paste. 

Longer curing time improves the polymerization process resulting in higher compressive strength. The rate of increase in strength 

was rapid up to 24 hours of curing time; beyond 24 hours, the gain in strength is only moderate. Therefore, heat-curing time need 

not be more than 24 hours in practical applications. 

 

4) Compressive Strength Test 

Compressive strength test measuring the maximum amount of compressive load a material can bear before fracturing. The test piece 

was compressed between the platens of a compression-testing machine by a gradually applied load. 

 

 
Fig. 7 Compressive Strength Test  

 

The cube specimens are 150 mm X 150 mm X 150 mm. Geopolymer concrete specimens are tested at 7 days, 14 days and 28 days 

for compressive strength and are healed with direct sunlight The concrete cubes were tested according to IS 516-1959 standards for 

their compressive strength in the compression testing unit.  

Compressive Strength = Breaking load / Area of Cross section of Specimen 
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IV. RESULT AND DISSCUSION 

The results discussed below mainly consist of comparison between Geopolymer M20 grade concrete with conventional concrete. 

The test results of harden concrete are discuss below. The table consists test results of comparative study of concrete with 7, 14 and 

28 days Compressive Strength. Compressive strength is the most common property used to describe a concrete. Since other 

properties of concrete often correlate well with the compressive strength, it is used as an indicator of the other mechanical properties. 

These are the mean values of the results obtained from three identical specimens. 

 

A. Hardened Geopolymer Concrete 

  

Compression Strength (N/mm2) 

 

Mix 

7  Days 

 

 

Avg 14 Days 

 

Avg 28 Days 

 

Avg 

Conventional 

Concrete 

13.96  15.29  19.73  

14.20 14.24 18.80 17.97 22.88 22.34 

14.56  19.84  24.24  

Geopolymer 

Concrete 

9.51  14.00  20  

10.41 9.85 16.89 15.29 22.47 21.10 

9.64  15.0  20.85  

Graph: 1: Compressive Strength comparative chart: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

V. CONCLUSION 

The following conclusions were drawn from the study: 

1) It is observed that, the rate of gain of Comp. strength of geopolymer concrete is more than the conventional concrete made up 

of ordinary Portland cement. 

2) It is also observed that, the maximum Comp. strength of geopolymer concrete is nearly equal  to conventional concrete made up 

of ordinary Portland cement. 

3) Compressive strength of geopolymer concrete increases with increase in molarity of sodium hydroxide (NaOH) solution. 

4) Water absorption property is lesser than the nominal concrete 

5) Curing at elevated and ambient temperature will form fly ash-GGBS based concrete of comparable strengths. 

6) As the curing temperature in the range of 60°C to 90°C increases, the compressive strength of geopolymer concrete is increases. 

7) Bottom ash –GGBS based geopolymer concrete gives very low strength probably due to large particle size. 
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8) Geopolymer concrete can be prepared at comparable cost with OPC based concrete provided transportation system for raw 

materials is well established. 

9) The embodied energy of fly ash- GGBS based geopolymer concrete is 40% less than that of OPC based concrete. 

10)  If not handled properly, Sodium hydroxide can be very harmful to health if mishandled. It has been rated with a classification 

of 3 in terms of danger to health (0 being the least hazardous, and 4 being the most). 

11) Sodium hydroxide is also very corrosive to areas such as the eyes, skin, and nose. 

12) One application of geopolymer concrete is in the construction and repair of highways, roads, and airport runways. 

13) Because of its high resistance to acids and toxic waste, geopolymer concrete can be applied in various highly acidic and toxic 

environments. 
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