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Abstract 
GPC presents an environmentally friendly substitute for conventional OPC concrete that makes use of industrial 

byproducts such fly ash and GGBS to significantly reduce CO2 emissions. This study investigates GPC material 

properties, mix design, and performance, emphasizing its superior mechanical strength, durability, and 

environmental benefits. Various GPC mixtures were evaluated using compressive and tensile strength tests, with 

results indicating enhanced performance with increased sodium hydroxide molarity and the inclusion of GGBS. 

Effective curing methods, including ambient and oven curing, were employed, demonstrating GPC viability in 

modern construction. The findings support GPC potential as a robust, eco-friendly building material. 
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I. Introduction 
GPC emerges as a greener substitute for conventional OPC concrete made of industrial wastes such fly 

ash and GGBS, and significantly reducing CO2 emissions. It exhibits robust mechanical properties and durability, 

addressing modern construction needs[1], [2]. Despite annual production exceeding 4.5 billion metric tons, 

traditional concrete faces challenges like honeycombing and segregation, highlighting the importance of proper 

consolidation[3], [4]. 

GPC formation through co-polymerization of alumina silicate species in alkaline conditions offers 

environmental benefits and robust performance, reducing reliance on calcium-silica-hydrates [3], [4]. Research 

underscores GPC superior mechanical properties, low permeability, and resistance to chemicals and fire, 

positioning it as a strong substitute for OPC [5], [6], [7]. With potential to reduce CO2 emissions by up to 80%, 

GPC offers better durability and lower permeability compared to conventional concrete [8], [9], [10]. Geopolymer 

binders, derived from waste materials, offer a sustainable solution, with geopolymerization forming a binding gel 

network from soluble SiO4 and AlO4 species [11], [12]. 

Incorporating organic polymers enhances compressive strength, while efficient curing methods like self-

curing with water soluble polymers are crucial for final properties [11], [12]. GPC exhibits advantages like early 

strength, fire resistance, and low shrinkage, with better thermal stability compared to PC based systems [11], [12]. 

GGBS addition, nano additives, and mineral admixtures further enhance GPC mechanical properties and 

durability, making it cost effective and environmentally friendly [13], [14]. The addition of slaked lime facilitates 

ambient curing, reducing the need for heat curing, and promoting widespread adoption of GPC in construction 

projects [13], [14]. 

 

 
Fig: 1 Flow chart of development of GPC 
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Materials Used 

Fly ash 

Low calcium fly ash with a specific gravity of 2.20 was used in this study. Fly ash, a byproduct of coal 

burning in industrial power plants, has been used in cement manufacturing for over 100 years [1]. Class F and 

Class C from were utilized, with properties determined as per IS: 3812-2003[3].  Additionally, Class F fly ash 

from Khargone, Madhya Pradesh [5], [7] with a specific gravity of 2.32 and 94% fineness, and fly ash from 

Rajpura, Punjab, with Cao content less than 10%, were used. Both fly ash and GGBS served as precursor materials 

for GPC preparation[3], [8]. 

 

GGBS 

Once molten iron slag is cooled with steam or water, it solidifies into a glassy, granular substance called 

GGBS. The slag is further dried and finely ground [1], [2], [3] It boasts high levels of calcium-silicate-hydrates, 

enhancing concrete strength, durability, and appearance[13], [14]. Sourced from JSW Steel Ltd in Ballari, Andhra 

Pradesh, and Penang, Malaysia, GGBS was utilized in this study with average particle sizes of 138 mm and a 

specific surface area of 0.106 m²/g, as per IS: 12089 and IS 4031-1988 standards[2], [3].  Its inclusion in GPC 

promotes faster setting times and higher strength, often optimized at 40-50% of the mix, offering improved quality 

when combined with fly ash[8], [12]. 

 

Table:1 Chemical composition of Fly ash and GGBS.[39] 

Composition SiO2 Al2O3 Fe2O3 SO3 CaO MgO Na2O LOI 

Fly ash 60.1 26.52 4.24 0.34 4 1.24 0.21 0.87 

GGBS 34.05 20 0.8 0.89 32.5 7.88 NIL NIL 

 

Fine Aggregate & Coarse Aggregate 

Used as fine aggregate were river sand and FA with a specific gravity of 2.65 and a size of less than 4.75 

mm, as per Zone II of IS 383-1970[14]. With a maximum size of 20 mm and a specific gravity of 2.7, coarse 

particles were necessary for concrete filler[1], [3]. M-Sand, produced from hard granite boulders, was also used, 

typically under 4.75 mm in size, Zone II, with coarse aggregates of 20 mm and 12.5 mm sizes[8], [12].. Locally 

sourced fine sand, conforming to Zone III and free from impurities, was used alongside coarse aggregates ranging 

from 2 mm to 20 mm, including recycled concrete particles[13]. 

High class water reducing naphthalene-based superplasticizers should be added to the mixture to improve 

workability in fresh geopolymer concrete. Superplasticizers improve strength and lower the possibility of 

segregation[8]. Although overdosing can lead to a standard set, the lack of chloride usually results in an excellent 

surface finish without affecting fibre reinforcement[8]. Super Plasticizer A, also called Naphthalene 

Formaldehyde Condensate, was utilized in this experiment at 1% of the binder ingredient. (4 kg/m³). Additionally, 

a carboxylic superplasticizer from Chemcon Techsys with specifications of 40% solid content, nil chloride 

content, pH 7.2, and specific gravity 1.13 was utilized[12]. 

 

Alkaline Solution 

The alkaline activator solution in this investigation was a combination of SH (NaOH) and SS (Na2SiO3). 

To avoid contamination, 98% pure sodium hydroxide[1], [5] was produced as flakes and dissolved in tap water in 

the laboratory. The NaOH solution was made a day in advance of mixing with the Na2SiO3 solution, which was 

stored for an additional day before to usage[7], [8]. The chemical composition of the Na2SiO3 solution was water 

55.5% by mass, SiO2 = 9.8%, and Na2O = 14.7%. Na2SiO3 to NaOH mass ratio was set at 2.5. The mixture was 

kept at room temperature (27°C) to give the exothermic processes time to cool down[10], [15]. To generate GPC 

mixes with precise ratios and characteristics for casting specimens, this alkaline activator solution was 

utilized[11], [12], [13]. 

 

Mix Design 

The chapter outlines the mix design, processing, and curing procedures for GPC specimens. Standard 

concrete blending techniques are adapted for GPC preparation, with dry blending in addition to adding an alkaline 

solution comprising sodium hydroxide and sodium silicate [1], [15]. Cubes are formed and cured in direct sunlight 

for specified durations. Alkaline fluid preparation involves mixing Solutions for SH and SS at least one day before 

usage. Specific mix proportions for GPC, designated as GP1 to GP3 blends, are detailed, with varying molarities 

of NaOH solutions. Additionally, mix proportions for GGBS and SCBA based GPC mixes are presented, including 

variations in GGBS,[2], [3] SCBA proportions, and NaOH molarity. Mix design parameters, curing methods, and 

ages are carefully considered in the experimental setup[7], [11]. The mixing procedure involves dry blending of 

materials followed by wet mixing with alkaline solution, moulding, and curing under specified conditions. Lastly, 
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the density-based mix design for GPC is elucidated, specifying quantities of alumina-silicate materials, fine 

aggregate, coarse aggregate, and lime[12], [13], [14]. 

 

Table:2 Mix proportion of GPC (Kg/m3)[2], [3], [4], [5], [7], [9], [10], [15], [16]. 

Designation 
GGBS FLYASH FA CA AS AS (Kg/m3) 

M 
(kg/m3) (kg/m3) (kg/m3) (kg/m3) binder Na2SiO3 NaOH 

F70G30 165 385 507 0912 0.61 243 097 12 

F70G30 252 108 774 1090 0.45 097 064 08 

F70G30 252 108 774 1090 0.50 108 072 08 

F70G30 252 108 774 1090 0.55 118 079 08 

F70G30 252 108 774 1090 0.60 129 086 08 

F70G30 294 126 810 0966 0.45 113 075 08 

F70G30 294 126 810 0966 0.50 126 084 08 

F70G30 294 126 810 0966 0.55 138 092 08 

F70G30 294 126 810 0966 0.60 151 100 08 

F70G30 315 135 760 0972 0.45 120 082 08 

F70G30 315 135 760 0972 0.50 135 090 08 

F70G30 315 135 760 0972 0.55 148 099 08 

F70G30 315 135 760 0972 0.60 162 108 08 

G100 400 000 810 0990 0.50 142 057 08 

G95S5 380 020 810 0990 0.50 142. 057 08 

G90S10 360 040 810 0990 0.50 142 057 08 

G85S15 340 060 810 0990 0.50 142 057 08 

G80S20 320 080 810 0990 0.50 142 057 08 

G100 400 000 810 0990 0.50 142 057 10 

G95S5 380 020 810 0990 0.50 142 057 10 

G90S10 360 040 810 0990 0.50 142 057 10 

G85S15 340 060 810 0990 0.50 142 057 10 

G80S20 320 80 810 0990 0.50 142 057 10 

G100 400 000 810 0990 0.50 142 057 12 

G95S5 380 020 810 0990 0.50 142 057 12 

G90S10 360 040 810 0990 0.50 142 057 12 

G85S15 340 060 810 0990 0.50 142 057 12 

G80S20 320 080 810 0990 0.50 142 057 12 

F100G0 409 000 554 1293 0.35 102 090 10 

F50G50 204 204 554 1293 0.35 102 090 10 

F0G100 000 409 554 1293 0.35 102 090 10 

F100G0 400 000 584 1085 0.57 137 091 12 

F70G30 280 280 584 1085 0.57 137 091 12 

F100G0 408 000 554 1294 0.35 103 041 08 

F90G10 367 040 554 1294 0.35 103 041 08 

F80G20 326 081 554 1294 0.35 103 041 08 

F70G30 285 122 554 1294 0.35 103 041 08 

F60G40 244 163 554 1294 0.35 103 041 08 

F100G0 407 000 610 1221 0.40 108 054 08 

F90G10 366 040 610 1221 0.40 108 054 08 

F80G20 325 081 610 1221 0.40 108 054 08 

F70G30 284 122 610 1221 0.40 108 054 08 

F60G40 244 162 610 1221 0.40 108 054 08 

F50G50 203 203 610 1221 0.40 108 054 08 

F40G60 162 244 610 1221 0.40 108 054 08 

F30G70 122 284 610 1221 0.40 108 054 08 

90F10S 382 042 505 1105 0.55 140 093 12 

80F20S 340 085 505 1105 0.55 140 093 12 

70F30S 297 127 505 1105 0.55 140 093 12 

60F40S 255 170 505 1105 0.55 140 093 12 

50F50S 212 212 505 1105 0.55 140 093 12 

50F50G 202 202 587 1283 0.35 070 070 14 

G9 437 043 740 0915 0.44 171 018 08 
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G20 384 096 749 0926 0.44 171 018 08 

G27.5 348 132 756 0933 0.44 171 018 08 

G38 298 182 763 0943 0.44 171 018 08 

G43 274 206 767 0948 0.44 171 018 08 

GPC-FG30 128 298 596 1108 0.50 152 061 12 

GPC-FG40 170 256 596 1108 0.50 152 061 12 

GPC-FG50 213 213 596 1108 0.50 152 061 12 

GPC-FG60 256 170 596 1108 0.50 152 061 12 

Note: G stands for GGBS, F stands for Fly ash and S stands for sugarcane bagasse ash, AS stands for Alkaline 

Solution, FA stands for Fine Aggregate, CA stands for Coarse Aggregate, and M stands for Molarity. 

 

Casting and Curing 

GPC casting and curing procedure begins with thorough mixing of precursors, filler materials, and 

activator solution until achieving a uniform consistency. Subsequently, the freshly prepared to create cubes, 

cylinders, and beam examples, GPC is poured into moulds, where it is allowed to cure for 24 hours before 

demoulding [2]. 

For the specified testing periods (7 and 28 days), the specimens must be exposed to natural 

circumstances, with temperatures between 25 and 35 °C and a relative humidity of 75%. This process is known 

as outdoor curing. No humidity or temperature control is required during the six-month trial period. As an 

alternative, demoulded specimens are cooled to room temperature and then baked for 24 hours at 60 °C. This 

process is known as oven curing. GPC specimens are tested when they are 7 and 28 days old[3], [5], [7]. 

Throughout the process, ambient curing in a controlled laboratory environment ensures consistency in 

temperature [11]. Testing procedures include pullout tests, compressive strength tests, and electrochemical 

measurements, each performed using specialized equipment and methodologies[9]. These tests ensure a 

comprehensive evaluation of GPC properties and performance, highlighting the importance of precise mixing, 

meticulous casting, and controlled curing to obtain reliable results and assess GPC suitability for diverse 

applications[8]. 

 

II. Result And Discussion 
Compressive Strength 

With increasing SH molarity, the CS of GPC rises. Experiments conducted on cube specimens at 7 and 

28 days intervals showed that higher NaOH concentrations resulted in higher CS[1], [7], [8], [9], [12]. 

Additionally, the study discovered that the strength was impacted by the addition of fly ash, SCBA, and GGBS, 

with a larger GGBS content producing better results. The test results confirm that a denser microstructure forms 

over time, enhancing the material's mechanical properties[1], [2], [6], [7], [13], [14]. 

 

Splitting Tensile Strength 

Tests on GPC cylinders were conducted following IS 5816-1970 standards. Test results at 28 days of 

ambient curing showed that STS increased with higher sodium hydroxide molarity[3], [4], [9], [11], [12]. For 

example, 8M NaOH solutions resulted in tensile strengths of 6.05 MPa, while 12M solutions achieved 6.65 MPa. 

However, the STS decreased with increasing SCBA replacement[6], [7], [13], [16]. The source materials, rich in 

silica, alumina, and calcium oxide, helped develop strong aluminosilicate hydrates enhancing the compactness 

and bonding in the GPC[7], [10], [13], [14]. 

 

Table:3 Details of tested specimens of different mixes [2], [3], [4], [5], [7], [9], [10], [15], [16]. 

CS (N/mm2) STS (N/mm2) 

7 DAYS 28DAYS 7 DAYS 28DAYS 

33.06 43.25 2.65 4.26 

23.66 31.44 2.93 3.90 

30.00 33.68 3.20 3.96 

26.88 34.25 2.89 4.16 

26.36 33.28 3.26 3.58 

34.53 44.89 3.60 4.21 

38.41 46.35 3.56 3.65 

46.01 51.53 2.92 3.58 

41.02 48.26 3.43 4.65 

48.25 57.84 2.73 4.16 
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46.78 54.32 2.56 4.56 

55.24 62.25 2.87 4.96 

51.35 59.66 2.69 4.72 

60.05 65.21 4.30 6.05 

49.66 63.02 4.02 5.87 

45.11 55.16 3.35 4.02 

41.84 50.45 3.60 4.05 

36.41 43.43 3.86 4.02 

61.70 68.03 4.90 6.40 

56.74 65.34 4.58 6.20 

46.06 60.43 4.89 5.65 

44.44 54.08 2.56 4.03 

38.04 45.75 2.36 4.27 

63.91 70.41 4.36 6.65 

59.91 68.33 4.25 6.36 

56.31 63.12 4.68 6.04 

51.88 60.25 4.12 5.52 

39.32 47.26 3.65 4.57 

08.79 11.08 2.93 3.90 

38.12 52.50 3.20 3.96 

50.40 57.60 2.89 4.16 

19.32 28.92 1.56 3.85 

24.32 38.32 2.89 4.92 

12.88 16.30 0.68 1.69 

18.67 21.11 0.96 2.46 

26.85 34.32 1.56 3.56 

37.33 42.48 2.56 4.25 

42.77 45.55 3.96 5.62 

03.42 16.72 0.50 2.00 

05.05 18.36 0.72 3.50 

07.28 22.54 0.92 4.00 

09.38 25.68 1.10 4.40 

11.68 28.67 1.40 5.00 

13.92 30.48 1.70 5.30 

15.68 35.85 2.10 6.50 

14.38 38.34 2.32 6.72 

31.85 36.00 2.35 3.27 

33.50 52.44 2.69 4.20 

38.99 52.80 2.98 3.96 

44.74 46.67 2.89 4.16 

43.11 48.43 3.16 3.27 

38.12 52.50 1.56 2.69 

16.00 28.33 1.88 3.01 

24.37 40.40 2.55 3.67 

32.97 50.46 3.11 4.27 

41.94 59.90 3.63 4.93 

51.57 71.07 4.24 5.43 

20.70 36.60 1.89 3.86 

24.50 39.20 2.20 4.28 

26.00 41.80 1.68 4.57 

24.70 38.20 1.56 3.94 

Note: CS stands for compressive strength and STS stands for Splitting Tensile Strength. 
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III. Conclusion 
GPC demonstrates significant potential as a sustainable alternative to OPC concrete, offering robust 

mechanical properties and superior durability. The incorporation of industrial by products like fly ash, GGBS, and 

SCBA not only enhances the compressive and tensile strengths but also promotes environmental sustainability by 

reducing CO2 emissions. The research findings confirm that higher M of SH and the strategic use of SCM improve 

the performance of GPC. The optimized mix designs, coupled with efficient curing methods, ensure reliable and 

consistent results, positioning GPC as a viable and eco-friendly material for diverse construction applications. 
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