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Abstract  

The cement production which causes environmental pollution cannot be eliminated completely but its use can be reduced by utilizing 

other cementing materials. The production of Geopolymer with fly ash consume less energy and this technology has the ability to 

minimize the emissions by 80%. For the present work, a Geopolymer prepared from low-calcium fly ash is used in place of cement to 

produce M60 concrete. The experimental program consists of three main stages. In the first stage, mix design was done to prepare 

M60 concrete for both conventional and Geopolymer concretes. In the second stage, strength parameters of the concretes were 

assessed by testing cubes (for evaluating the compressive strength), prisms (for flexural strength) and cylinders (for split tensile 

strength) using those two concrete types. In the third stage, durability study was conducted on both conventional and fly ash based 

Geopolymer concretes. From this study it was observed that the Geopolymer concrete with fly ash showed higher compressive 

strength and lower tensile strength when compared with normal concrete of same grade. The durability properties of the 

Geopolymer concrete showed good resistance to acid, sulphate, sea water and corrosion. 

Keywords: Geopolymer concrete, Materials, Mix design, Mechanical properties, Durability 

Introduction 

The environmental pollution due to construction activities needs to be treated as a serious issue and efforts 

need to be put towards reducing the utilization of pollution causing materials in construction(Dharek et al., 

2018)Since the utilization of concrete and the pollution caused by cement production are increasing 

alarmingly, it is necessary to identify new alternate materials to cement which provides the required strength 

and durability to the concrete members (Dharek et al., 2020). Though it is difficult to completely eliminate 

the utilization of cement, many researchers put their efforts to reduce the quantity of cement in concrete 

and replacing it with new materials (Dharek et al., 2022). The various alternate materials used were fly ash, 

rice husk ash, slag, sludge, silica fume, Ground Granulated Blast Furnace Slag (GGBS), polymers (Sumalatha 

et al., 2020; Dharek et al., 2021). 

In 1979, Professor Joseph Davidovits found that binders could be created by a polymeric reaction of 

pozzolanic materials and can be prepared from industrial by-products such as fly ash, blast furnace slag and 

rice husk ash and he named the new material as Geopolymer. Among various binders, Geopolymer has 

gained more importance in the past few years due to its adequate strength and durability 

characteristics when compared with normal concrete (Davidovits, 1991; Davidovits et al., 1999; Duxson et 

al., 2007; Provis and Van Deventer, 2009; Li et al., 2010; Komnitsas, 2011). The strength of Geopolymer 

concrete was studied by Jamkar et al., 2013, Vora and Dave, 2013, Shaikh and Vimonsatit, 2015, Reddy et al., 

2016 and Dao et al., 2019. The durability studies on Geopolymer concrete were also conducted by many 

researchers (Law et al., 2015; Ganesan et al., 2015; Luhar et al., 2019; Cheema et al., 2009; Kabir et al., 2019). 
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Since fly ash based geopolymers are a potential substitute material for OPC especially in high temperature 

applications, their thermal mechanical properties are of interest. The properties of geopolymer concrete 

were studied by several researchers (Xie et al., 2019; Li et al., 2019; Jena and Panjgrahi, 2019; Amran et al., 

2020; Noushini et al., 2020; Shahmansouri et al, 2020; Amran et al., 2021; Moghaddam et al., 2021; 

Shahmansouri et al., 2021). The present study focused on strength and durability studies on Geopolymer 

(low calcium fly ash based) concrete and the results were compared with those of normal concrete. Various 

trial mixes were done to obtain M60 grade Geopolymer concrete. Data for the design of mix proportions of 

M60 grade for both Geopolymer and normal concrete are included in this study. The salient factors that 

influence the strength properties of high strength hardened concrete have been identified. Also, the 

durability properties of both the concretes were achieved by various tests conducted on the specimens such 

as acid test, sulphate test, sea water test and corrosion test.  

Materials and Methods 

Preparation of Normal concrete (NC) 

The materials used for the preparation of NC (M60) are Ordinary Portland cement (53 grade), Silica fume (42 

kg/m3), 12.5 mm down sized coarse aggregates and 4.75 mm down sized fine aggregates. To increase the 

workability of concrete, Conplast Sp 430 super plasticizer as per mix designs was mixed. The materials were 

uniformly mixed in the concrete mixer by adding water and super plasticizer.  

Preparation of Geopolymer concrete (GPC) 

The GPC was prepared with Aggregates (coarse and fine), Low-calcium fly ash (ASTM Class F), GGBS, Alkaline 

Liquids (Sodium silicate and Sodium hydroxide) and Superplasticizer. The dry mixing was done with concrete 

mixer for about 3 minutes and then the alkaline solutions and water were mixed. To get a uniform mixture, 

the mixer was operated for another 4 minutes. Total 12 trial mixes were prepared and the details are given 

in Table 1. 

Table 1. Mix details of GPC 

Mix 
no. 

Al: 
Binders 

Coarse 
aggreg

ates 
kg/m3 

Fine 
sand 

kg/m3 

Fly ash 
kg/m3 

GGBS 
kg/m3 

NaOH 
Solution 

kg/m3 
Molarity 

Na2SiO3 

Solution 
kg/m3 

Extra 
Water 

(%) 

SP 
% 

Curing 
Time 
hrs 

1 0.30 1295 555 382 42 36 8 90 3 3 24 

2& 5 0.35 1295 555 366 40 41 8 103 3 3 24 

3 0.40 1295 555 355 39 44 8 112 3 3 24 

4 0.45 1295 555 342 38 48 8 122 3 3 24 

6 0.35 1295 555 366 40 41 12 103 3 3 24 

7 0.35 1295 555 366 40 41 14 103 3 3 24 

8 0.35 1295 555 366 40 41 14 103 
3.3& 
6.3 

3 24 

9 0.35 1295 555 366 40 41 14 103 
3.3& 
6.3 

3 48 
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10 0.35 1295 555 366 40 41 14 103 
3.3& 
6.3 

3 72 

11 0.30 1295 555 424 - 36 8 90 3 3 24 

12 0.35 1295 555 406 - 41 8 103 3 3 24 

Specimen Preparation 

(a) For Strength studies 

Cubical specimens of size 100 mm (for compressive strength), cylindrical specimens of size 100 x 200 mm (for 

split tensile strength) and prism shaped specimens of size 75 x 75 x 450 mm (for flexural strength) each of 6 

in number were prepared with GPC and same of normal concrete.  

(b) For Durability studies 

Six cubical moulds of size 100 mm each for acid test, sulphate attack test and sea water resistance test, six 

cylindrical moulds of size 100x200 mm for corrosion test were used to prepare specimen of geopolymer 

concrete and same of normal concrete.    

Methodology 

The first stage came to an end by having the mix proportions of M60 grade for both conventional and fly ash 

based Geopolymer concretes (Table 2).  

Table 2. Comparison of materials used for NC and GPC 

 

 

 

 

 

 

 

 

 

 

 

In the second stage, cubes of required size were prepared to evaluate the strength properties of both GPC 

and NC. The third stage was carried out by casting 100 mm cube specimens and keeping them under 

observation for six weeks for carrying out acid resistance test, sea water resistance test, sulphate resistance 

Concrete GPC NC 

Materials 
M60 M60 

kg/m3 kg/m3 

Cement (kg/m3) - 370 

Fly ash (kg/m3) 363 - 

GGBS (kg/m3) 46 - 

Silica fume (kg/m3) - 45 

Coarse aggregates 

(kg/m3) 
1290 1050 

Fine sand (kg/m3) 553 718 

NaOH Solution (8M) 

(kg/m3) 
43 - 

Na2SiO3 Solution 

(kg/m3) 
105 - 

Water (l/m3) 16.24 150 

Superplasticizer (%) 3 2.5 
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test and 100 mm X 200 mm cylinders for corrosion resistance test of both the concretes. The durability 

properties under various conditions were then noted with respect to time. 

Results and Discussion 

Variations in strength properties with binder content, molarity, water content, GGBS content and 

curing time  

Table 3 represents the strength variation with respect to ratio of alkaline liquid to binders where it can be 

observed that the cube strength corresponding to one day is higher with this ratio. The cube strength also 

increases with increase in molarity (Table 4). The effect of water content and curing time on strength and the 

effect of GGBS on strength are shown in Tables 5 and 6 respectively. 

Table 3. Strength variation with respect to ratio of alkaline liquid to binders 

Mix No. Alkaline liquid: Binders Cube strength 1 day 

1 0.30 60.2 

2 0.35 64.2 

3 0.40 79.2 

4 0.45 80.2 

Table 4. Effect of molarity on cube strength 

Mix No. Molarity 1 day Cube strength  

5 8 64.2 

6 12 67.8 

7 14 78 

Table 5. Effect of water content and curing time on strength 

Mix No. 
     Time 

hrs 

1day Cube strength for 

3.3% water 

1day Cube strength for 

6.3% water 

8 24 84 78 

9 48 92.5 77.5 

10 72 95 80.5 

 

Table 6. Effect of GGBS on strength 

Mix no. 
Alkaline liquid: 

Binders 

1day Cube strength 

with GGBS 

1day Cube strength 

without GGBS 

8 0.30 60.2 44 

9 0.35 64.2 48.2 

 

Strength Characteristics of Concretes (GPC and NC) 
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Compressive Strength of Concretes 

The compressive strengths of both GPC and NC for M60 grade concrete are presented in the table 7. It can 

be observed that the strength values of GPC are higher than those of NC.  

Table 7. Compressive strength results of GPC and NC 

Days 
NC-M60 

MPa 

GPC-M60 

MPa 

7 26 72 

14 59 81 

28 85 88 

 

Split tensile strength of Concretes 

The split tensile strength values corresponding to M60 grade concretes of GPC and NC are given in Tables 8 

and 9.  The average split tensile strength of GPC and NC respectively are 3.54 MPa and 4.47 MPa. From these 

results it can be observed that the GPC shows slightly lower values of tensile strength when compared with 

NC. 

Table 8. Split tensile strength values of GPC 

Tensile Load Applied (N) Split Tensile Strength (MPa) 

120000 3.79 

120000 3.79 

80000 2.52 

120000 3.80 

120000 3.80 

110000 3.52 

Table 9. Split tensile strength values of NC 

Tensile Load Applied (N) Split Tensile Strength (MPa) 

150000 4.72 

140000 4.41 

130000 4.11 

140000 4.42 

150000 4.72 

140000 4.43 

Flexural Strength of Concretes 

The flexural strength values of GPC and NC for M60 grade concrete are presented in Tables 10 and 11.  The 

average flexural strength of GPC and NC respectively are 6.454 MPa and 6.757 MPa which shows that there 

is a slight decrease in flexural strength of GPC when compared with NC. 

Table 10. Flexural strength of NC 
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Mix no DG reading divisions P (Kgf) P (N) f = Pl/bD2 fck7.0
 

1 20 100 615.01 6033.21 6.435 6.454 

2 21 105 645.76 6334.87 6.757 6.454 

3 22 110 676.51 6636.53 7.078 6.454 

4 21 105 645.76 6334.87 6.757 6.454 

5 20 100 615.01 6033.21 6.435 6.454 

6 22 110 676.51 6636.53 7.078 6.454 

Table 11. Flexural strength of GPC 

Mix no DG reading divisions P (Kgf) P (N) f = Pl/bD2 fck7.0
 

1 20 100 615.01 6033.21 6.435 6.566 

2 23 115 707.26 6938.19 7.401 6.566 

3 22 110 676.51 6636.53 7.078 6.566 

4 18 90 553.51 5429.89 5.791 6.566 

5 24 120 738.01 7239.85 7.722 6.566 

6 19 95 584.26 5731.55 6.113 6.566 

Comparison of Durability Properties Between M60 GPC and NC 

Acid resistance test (2N HCl -10% by Weight) 

The acid test results of GPC and NC respectively are shown in tables 12 and 13. The Figure 1 shows the profiles 

showing the variations in weight loss with respect to each material. The changes in compressive strength 

during acid test are shown in Figure 2 where it can be observed that the variations in strength were very 

minimal. 

Table 12. Acid test values of GPC 

GPC Test Initial Final Load Cube Strength 
% Weight 

loss/increase 

Days  (gms) (gms) (tonnes) MPa  

7 W1 2360 2386 82 82 -1.10169 

14 W2 2406 2430 80 80 -0.99751 

21 W3 2470 2486 70 70 -0.64777 

28 W4 2452 2474 72 72 -0.89723 

35 W5 2454 2478 68 68 -0.978 

42 W6 2414 2440 67 67 -1.07705 

 

Table 13. Acid test values of NC 

NC Test Initial Final Load Cube Strength 
% Weight 

loss/increase 

Days  (gms) (gms) (tonnes) MPa  

7 W1 2458 2442 82 82 0.650936 

14 W2 2436 2422 80 80 0.574713 
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21 W3 2432 2418 64 64 0.575658 

28 W4 2432 2416 70 70 0.657895 

35 W5 2426 2414 72 72 0.494641 

42 W6 2416 2409 66 66 0.289735 

 

 

 

Figure 1. Percentage weight loss with number of days of Acid resistance test 

 

Figure 2. Variation in Compressive strength with number of days of Acid resistance test 

 

Sulphate resistance test (MgSO4 - 5% by Weight) 
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The sulphate resistance test results of GPC and NC respectively are shown in tables 14 and 15. The profiles 

showing the variations in weight loss with respect to each material are shown in Figure 3. The variations in 

compressive strength are shown in Figure 4. 

Table 14. Sulphate resistance test values of GPC 

GPC Test Initial Final Load Cube Strength 
% Weight 

loss/increase 

Days  (gms) (gms) (tonnes) MPa  

7 W1 2496 2504 88 88 -0.32051 

14 W2 2484 2490 86 86 -0.24155 

21 W3 2456 2464 80 80 -0.32573 

28 W4 2476 2479 85 85 -0.12116 

35 W5 2454 2461 79 79 -0.28525 

42 W6 2510 2518 86 86 -0.31873 

Table 15. Sulphate resistance test values of NC 

NC Test Initial Final Load Cube Strength 
% Weight 

loss/increase 

Days  (gms) (gms) (tonnes) MPa  

7 W1 2448 2446 86 86 0.081699 

14 W2 2450 2446 83 83 0.163265 

21 W3 2488 2484 79 79 0.160772 

28 W4 2410 2408 70 70 0.082988 

35 W5 2488 2478 72 72 0.401929 

42 W6 2443 2430 64 64 0.532133 

Figure 3. Percentage weight loss with time for Sulphate resistance test 

 

Figure 4. Variation in Compressive strength with time for Sulphate resistance test 
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Sea water resistance test (NaCl - 5% by Weight) 

The sea water resistance test results of GPC and NC respectively are shown in tables 16 and 17. The profiles 

showing the variations in weight loss with respect to each material are shown in Figure 5. The variations in 

compressive strength are shown in Figure 6. 

Table 16. Sea water resistance test values on GPC 

GPC Test Initial Final Load Cube Strength 
% Weight 

loss/increase 

Days  (gms) (gms) (tonnes) MPa  

7 W1 2478 2486 86 86 -0.32284 

14 W2 2452 2458 79 79 -0.2447 

21 W3 2456 2461 77 77 -0.20358 

28 W4 2460 2467 79 79 -0.28455 

35 W5 2468 2474 78 78 -0.24311 

42 W6 2408 2416 87 87 -0.33223 

Table 17. Sea water resistance test values on NC 

NC Test Initial Final Load Cube Strength 
% Weight 

loss/increase 

Days  (gms) (gms) (tonnes) MPa  

7 W1 2466 2460 84 84 0.243309 

14 W2 2364 2354 78 78 0.423012 

21 W3 2426 2415 75 75 0.453421 

28 W4 2364 2353 71 71 0.465313 

35 W5 2404 2394 79 79 0.415973 

42 W6 2464 2457 83 83 0.284091 

Figure 5. Percentage weight loss with time for Sea water resistance test 
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Figure 6. Variation in Compressive strength with time for Sea water resistance test 

 

Corrosion test results 
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8.8 145 3.2 

9.8 172 3.1 

Table 19 Corrosion test values of GPC 

% Mass Loss Time (mins) Peak Current (Amp) 

1.6 48 4.0 

1.8 62 4.1 

2.6 95 4.0 

3.7 118 3.9 

6.6 145 4.1 

8.5 172 4.2 

 

Conclusions 

The geopolymer concrete which gained importance due to its environmental benefits has been studied to 

evaluate its characteristics with respect to strength and durability. The geopolymer concrete was prepared 

with low-calcium fly ash and trial mixes corresponding to M60 grade were tested. The test results of GPC and 

NC showed that there is a considerable increase in compressive strength of GPC (around 30%) when 

compared with NC. There was a slight reduction in tensile and flexural strengths of GPC but the differences 

are minimal. The durability properties of both the concretes were achieved by various tests conducted on 

the specimens such as acid test, sulphate test, sea water test and corrosion test. There was an increase in 

weight loss and decrease in compressive strength during the durability tests in both geopolymer and normal 

concretes but the reduction in strength for GPC is very minimal. This shows the potential of GPC for acid 

resistance, sulphate resistance and resistance to sea water. From the corrosion resistance test, it was 

observed that the geopolymer has better resistance property than the conventional concrete. From this 

research work, it can be concluded that, GPC (fly ash-based) has exceptional characteristics and is suitable 

for structural applications.  

References 

Amran, M., Debbarma, S., & Ozbakkaloglu, T. (2021). Fly ash-based eco-friendly geopolymer concrete: A critical review 

of the long-term durability properties. Construction and Building Materials, 270, 121857. 

Amran, Y. M., Alyousef, R., Alabduljabbar, H., & El-Zeadani, M. (2020). Clean production and properties of geopolymer 

concrete; A review. journal of cleaner production, 251, 119679. 

Cheema, D., Lloyd, N., & Rangan, B. V. (2009). Durability of geopolymer concrete box culverts-A green alternative. 

In Proceedings of 34th Conference on Our World in Concrete and Structures (pp. 85-92). CI Premier Pty Ltd. 

Dao, D. V., Ly, H. B., Trinh, S. H., Le, T. T., & Pham, B. T. (2019). Artificial intelligence approaches for prediction of 

compressive strength of geopolymer concrete. Materials, 12(6), 983. 

Davidovits, J. (1991). Geopolymers: inorganic polymeric new materials. Journal of Thermal Analysis and 

calorimetry, 37(8), 1633-1656. 

Davidovits, J., Buzzi, L., Rocher, P., Gimeno, D., Marini, C., & Tocco, S. (1999, June). Geopolymeric cement based on low 

cost geologic materials. Results from the european research project geocistem. In Proceedings of the 2nd International 

Conference on Geopolymer (Vol. 99, pp. 83-96). 



 

Nat. Volatiles & Essent. Oils, 2021; 8(4): 3088-3100 

  
    

 
 

3099 
 

Davidovits, J., Davidovits, M., & Davidovits, N. (1994). U.S. Patent No. 5,342,595. Washington, DC: U.S. Patent and 

Trademark Office. 

Dharek M.S. et al. (2021) Experimental Investigations on Strength Performance of the Brick Produced by Blending 

Demolished Waste with Pozzolanic Materials. In: Biswas S., Metya S., Kumar S., Samui P. (eds) Advances in Sustainable 

Construction Materials. Lecture Notes in Civil Engineering, vol 124. Springer, Singapore. https://doi.org/10.1007/978-

981-33-4590-4_54 

Dharek M.S., Sreekeshava K.S., Vengala J., Pramod K., Sunagar P., Shivaprakash M.V. (2022) Experimental Investigations 

on Utilization of Bagasse Ash in Adobe Bricks. In: Nandagiri L., Narasimhan M.C., Marathe S., Dinesh S. (eds) 

Sustainability Trends and Challenges in Civil Engineering. Lecture Notes in Civil Engineering, vol 162. Springer, Singapore. 

https://doi.org/10.1007/978-981-16-2826-9_31  

Dharek M.S., Sunagar P., Harish K., Sreekeshava K.S., Naveen S.U., Bhanutej (2020) Performance of Self-flowing Concrete 

Incorporated with Alumina Silicates Subjected to Elevated Temperature. In: Subramaniam K., Khan M. (eds) Advances 

in Structural Engineering. Lecture Notes in Civil Engineering, vol 74. Springer, Singapore. https://doi.org/10.1007/978-

981-15-4079-0_10  

Dharek, M. S., Sunagar, P., Bhanu Tej, K. V., & Naveen, S. U. (2018). Fresh and Hardened Properties of Self-consolidating 

Concrete Incorporating Alumina Silicates. In Lecture Notes in Civil Engineering (pp. 697–706). Springer Singapore. 

https://doi.org/10.1007/978-981-13-3317-0_62  

Duxson, P., Fernández-Jiménez, A., Provis, J. L., Lukey, G. C., Palomo, A., & van Deventer, J. S. (2007). Geopolymer 

technology: the current state of the art. Journal of materials science, 42(9), 2917-2933. 

Ganesan, N., Abraham, R., & Raj, S. D. (2015). Durability characteristics of steel fibre reinforced geopolymer 

concrete. Construction and Building Materials, 93, 471-476. 

Jamkar, S. S., Ghugal, Y. M., & Patankar, S. V. (2013). Effect of fly ash fineness on workability and compressive strength 

of geopolymer concrete. The Indian Concrete Journal, 87(4), 57-61. 

Jena, S., & Panigrahi, R. (2019). Performance assessment of geopolymer concrete with partial replacement of 

ferrochrome slag as coarse aggregate. Construction and Building Materials, 220, 525-537. 

Kabir, S. A., Alengaram, U. J., Jumaat, M. Z., Yusoff, S., Sharmin, A., & Bashar, I. I. (2017). Performance evaluation and 

some durability characteristics of environmental friendly palm oil clinker based geopolymer concrete. Journal of cleaner 

production, 161, 477-492. 

Komnitsas, K. A. (2011). Potential of geopolymer technology towards green buildings and sustainable cities. Procedia 

Engineering, 21, 1023-1032. 

Law, D. W., Adam, A. A., Molyneaux, T. K., Patnaikuni, I., & Wardhono, A. (2015). Long term durability properties of class 

F fly ash geopolymer concrete. Materials and Structures, 48(3), 721-731. 

Li, C., Sun, H., & Li, L. (2010). A review: The comparison between alkali-activated slag (Si+ Ca) and metakaolin (Si+ Al) 

cements. Cement and concrete research, 40(9), 1341-1349. 

Li, N., Shi, C., Zhang, Z., Wang, H., & Liu, Y. (2019). A review on mixture design methods for geopolymer 

concrete. Composites Part B: Engineering, 178, 107490. 

Luhar, S., Chaudhary, S., & Luhar, I. (2019). Development of rubberized geopolymer concrete: Strength and durability 

studies. Construction and Building Materials, 204, 740-753. 

Moghaddam, S. C., Madandoust, R., Jamshidi, M., & Nikbin, I. M. (2021). Mechanical properties of fly ash-based 

geopolymer concrete with crumb rubber and steel fiber under ambient and sulfuric acid conditions. Construction and 

Building Materials, 281, 122571. 



 

Nat. Volatiles & Essent. Oils, 2021; 8(4): 3088-3100 

  
    

 
 

3100 
 

Noushini, A., Castel, A., Aldred, J., & Rawal, A. (2020). Chloride diffusion resistance and chloride binding capacity of fly 

ash-based geopolymer concrete. Cement and Concrete Composites, 105, 103290. 

Provis, J. L., & Van Deventer, J. S. J. (Eds.). (2009). Geopolymers: structures, processing, properties and industrial 

applications. Elsevier. 

Reddy, M. S., Dinakar, P., & Rao, B. H. (2016). A review of the influence of source material’s oxide composition on the 

compressive strength of geopolymer concrete. Microporous and Mesoporous Materials, 234, 12-23. 

Shahmansouri, A. A., Bengar, H. A., & Ghanbari, S. (2020). Compressive strength prediction of eco-efficient GGBS-based 

geopolymer concrete using GEP method. Journal of Building Engineering, 31, 101326. 

Shahmansouri, A. A., Nematzadeh, M., & Behnood, A. (2021). Mechanical properties of GGBFS-based geopolymer 

concrete incorporating natural zeolite and silica fume with an optimum design using response surface method. Journal 

of Building Engineering, 36, 102138. 

Shaikh, F. U. A., & Vimonsatit, V. (2015). Compressive strength of fly‐ash‐based geopolymer concrete at elevated 

temperatures. Fire and materials, 39(2), 174-188. 

Sumalatha J, Manish S Dharek, Niranjan G.H., Prashant Sunagar and Abhishek Kumar Chaurasiya, Development of 

Sustainable Building Blocks with Tyre Waste, Flyash and Lime. International Journal of Civil Engineering and Technology, 

11(5), 2020, pp. 93-104. 

Vora, P. R., & Dave, U. V. (2013). Parametric studies on compressive strength of geopolymer concrete. Procedia 

Engineering, 51, 210-219. 

Xie, J., Wang, J., Rao, R., Wang, C., & Fang, C. (2019). Effects of combined usage of GGBS and fly ash on workability and 

mechanical properties of alkali activated geopolymer concrete with recycled aggregate. Composites Part B: 

Engineering, 164, 179-190. 

 

 


