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Abstract - Recent advancements in sustainable construction 
have spurred considerable interest in geopolymer concrete as 
an eco‐friendly and robust alternative to traditional 
cement‐based materials. In this study, the performance of 
geopolymer concrete is examined by using three distinct 
strength grades—low, normal, and high—that maintain 
properties similar to conventional grades while being 
optimized for environmental performance. To further optimize 
performance, structural elements are divided into zones 
corresponding to the distribution of mechanical stresses. 
Specifically, tensile stresses at the bottom of a structural 
element are mitigated by employing appropriate 
reinforcement along with moderate‐strength concrete, 
whereas compressive forces at the top are effectively managed 
by high‐strength concrete. The research involves three 
concrete grades: low strength conventional concrete (LSC) 
designated as M10, normal strength geopolymer concrete 
(NSGC) designated as 6 M, and high strength geopolymer 
concrete (HSGC) designated as 14 M. Both the compressive and 
flexural strengths of NSGC, LSC, and HSGC have been 
investigated individually and in various composite 
configurations. These configurations include a scenario with 
one-third NSGC positioned at the bottom and two-thirds HSGC 
placed at the top, the reverse layout, as well as a layered 
arrangement consisting of one-third HSGC from the top, one-
third NSGC from the bottom of the soffit, and the remaining 
one-third LSC at the center. The experimental outcomes 
support a phased casting approach, demonstrating that 
integrating multiple geopolymer grades within a single 
structural element significantly enhances material efficiency 
and overall performance while offering a promising path 
toward more sustainable construction solutions.  
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1.INTRODUCTION  

The shift toward environmentally responsible and 
performance-driven construction has brought geopolymer 
concrete to the forefront as a viable and innovative 
alternative to traditional cement-based systems. One of the 

intriguing and challenging developments in green 
construction over recent decades is the advent of 
geopolymer concrete, which initially transitioned from 
laboratory research to practical application. In today's 
construction era driven by economic demands and the need 
for superior performance, the adoption of layered 
geopolymer techniques has evolved. Consequently, instead 
of using a uniform geopolymer mix for an entire structural 
element, employing a layered approach offers strategic 
advantages by optimizing material use, enhancing structural 
performance, and reducing both costs and environmental 
impact. Dattatreya et al.,[1] analyzed the flexural behavior of 
reinforced geopolymer concrete beams under two-point 
loading. The study found that beams achieved ultimate 
moments up to 28.6 kNm, with failure governed by yielding 
of tensile reinforcement followed by crushing of the 
compressive zone, showing comparable ductility to OPC-
based beams. Aleem and Arumairaj.,[2] presented a review 
detailing the fundamental properties, chemical mechanisms, 
and environmental advantages of geopolymer concrete. The 
study summarized the influence of precursor types, curing 
temperatures, and alkaline activator combinations, 
concluding that fly ash-based geopolymers could reduce CO₂ 
emissions by up to 80% compared to Portland cement. 
Kumar et al.,[3] investigated fly ash-based geopolymer 
concrete by varying NaOH molarity (6 M to 14 M) and found 
optimum compressive strength at 12 M. Cylindrical 
specimens tested after oven curing at 100°C for 24 hours 
showed maximum strength of 33.6 MPa, with strength 
increasing as curing temperature and activator 
concentration increased. Using load-deflection testing, 
Abraham et al.,[4] evaluated geopolymer concrete beams 
reinforced with steel bars under flexural loading. The study 
demonstrated that beams with fly ash and GGBS blends 
exhibited enhanced strength and ductility, reaching ultimate 
loads up to 70 kN with narrower cracks and reduced 
deflections compared to control specimens. Sanni and 
Khadiranaikar [5] investigated the effect of NaOH molarity 
(8 M to 16 M) and alkaline liquid to binder ratio on 
compressive strength across different grades of geopolymer 
concrete. At 12 M and a 0.35 ratio, compressive strength 
peaked at 65.4 MPa, confirming the sensitivity of geopolymer  
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performance to activator chemistry. Un et al.,[6] developed a  
numerical deflection model for geopolymer concrete beams, 
validated by long-term deflection data collected over 180  
days. Using sustained load testing and finite element 
simulations, they found that deflections reached 5 mm for 
simply supported beams, closely matching predicted values 
based on elastic modulus and shrinkage parameters. Ranjbar 
et al.,[7] assessed fracture behavior of layered precast 
geopolymer beams using acoustic emission monitoring 
during three-point bending. The analysis showed that the 
multilayer configuration delayed crack propagation, with 
energy absorption increasing by 25–30% in layered beams 
compared to monolithic specimens, suggesting improved 
damage tolerance. Singh [8] investigated the microstructural 
and binding behavior of fly ash-based geopolymer binders. 
Using SEM and XRD techniques, the study identified dense 
aluminosilicate gel networks and reduced calcium phases, 
contributing to compressive strengths exceeding 40 MPa. 
The paper emphasized its potential for replacing 
conventional cement in structural applications. Saranya et 
al.,[9] tested reinforced geopolymer concrete beams under 
monotonic loading to failure. The specimens reached peak 
loads of 62.5 kN, with mid-span deflections of 20.3 mm. 
Crack patterns were predominantly flexural, and the beams 
exhibited stable load-carrying capacity and high post-
cracking ductility under single-cycle loading. Akduman et 
al.,[10] used recycled brick and concrete aggregates to 
produce geopolymer concrete beams and evaluated 
structural behavior under two-point bending. The beams 
showed a 15–20% reduction in load capacity compared to 
conventional aggregate mixes, but with acceptable stiffness 
and toughness, indicating suitability for secondary structural 
members. Amran et al.,[11] reviewed over 100 studies 
focusing on the long-term durability of geopolymer concrete 
in aggressive environments. Their synthesis reported 
reduced chloride permeability (as low as 300 Coulombs in 
RCPT), excellent sulfate resistance, and minimal carbonation 
depth, highlighting geopolymer’s resilience compared to 
OPC-based systems. Ahmad Jan et al.,[12] compiled a review 
examining how silica-to-alumina ratio, alkaline solution-to-
binder ratio, calcium oxide and ferric oxide presence, and 
molar concentrations of sodium hydroxide and sodium 
silicate affect compressive strength. Reported results 
indicated that a Si/Al ratio of 2.5 and Na₂SiO₃/NaOH ratio of 

2.0 yielded compressive strengths exceeding 40 MPa.  This 
document is template.  

2. MATERIALS 

2.1 Cement 

The study utilized ordinary Portland cement, specifically 
grade 43 Zuari cement—which is widely available in the 
local market. To maintain experimental consistency, the 
same batch of cement was used for every test. The cement’s 
properties were carefully evaluated against various 
parameters outlined in IS 4031-1988, confirming that it 

complies with the IS 12269-1987 standard. Table 1 outlines 
the detailed physical characteristics of the cement. 

         Table -1: Physical Qualities of Cement 

 

 

 

 

 

 

2.2 Fine Aggregate 

Locally sourced M-sand, which adheres to the Zone II 
requirements as per IS 383-1970, was utilized. Detailed 
information on the physical properties of this fine aggregate 
is provided in Table 2. Notably, the M-sand used has particle 
sizes smaller than 4.75 mm. 

Table -2: Characteristics of Fine Aggregate 

 

 

 

2.3 Coarse Aggregate 

Coarse aggregate, with maximum sizes of 20 mm and 12.5 
mm, was employed. In line with the standards IS 383-1970 
and IS 2386-1983, an experimental investigation was carried 
out to assess the properties of the coarse aggregates. The 
findings are detailed in Table 3. 

     Table -3: Characteristics of Coarse Aggregate (20mm) 

 

 

 

2.4 GGBS  

Ground Granulated Blast Furnace Slag (GGBFS) is 
incorporated into geopolymer concrete to supply a rich 
source of calcium and silicate compounds, which are critical 
for the geopolymer reaction. Its inclusion leads to a denser 
microstructure that significantly improves the mechanical 
properties, especially compressive strength and long-term 
durability. The GGBS used in this study was sourced locally 

Sl No Properties Test Results 

1 Normal Consistency 31% 

2 Specific Gravity 3.01 

3 Initial setting time 50min 

4 Final setting time 178min 

5 Soundness of cement 1.5 mm 

6 Fineness of Cement 3.5% 

Sl No Properties Test Results 

1 Specific gravity 2.53 

2 Fineness modulus 2.31 

Sl No Properties Test Results 

1 Specific gravity 2.61 

2 Fineness modulus 7.71 
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in Bangalore and exhibits specific gravity of approximately 
2.89. 

2.5 Fly Ash  

 Fly ash, generated as a byproduct from coal combustion in 
thermal power plants, serves as a highly reactive 
aluminosilicate source essential for geopolymerization. Its 
fine, spherical particles refine the mix by enhancing 
workability, reducing permeability, and ultimately boosting 
the durability and strength of the geopolymer concrete. The 
Fly ash used in this study was sourced locally in Bangalore.  

2.6 Sodium Hydroxide (NaOH) 

Sodium hydroxide functions as the primary alkaline 
activator, dissolving the aluminosilicate source materials to 
release reactive species. This dissolution initiates the 
geopolymerization process, ultimately contributing to the 
concrete's structural integrity and mechanical strength. 
Naoh was sourced locally in the form of pellets. 

2.7 Sodium Silicate (Na2SiO3) 

Sodium silicate provides an additional source of silica that 
supports the formation of a robust gel network. This 
enhanced silica content improves the matrix density and 
overall durability of the geopolymer concrete. Na2SiO3 in the 
form of gel was utilized in this study. 

2.8 Water 

Fresh tap water conforming to IS:456-2000 standards was 
used for the casting of geopolymer concrete elements in the 
laboratory. Before the mixing process, the necessary volume 
of water was carefully measured with a graduated jar and 
was then combined with the dry ingredients. 

3. MIX DESIGN 

IS 10262-2019, IS 456-2000 and literature were consulted 
in order to create different grades of geopolymer concrete. 
Tables 4, 5 & 6 illustrates the Design mix ratio for M10, 6 
M & 14 M respectively. 

Table -4: M10 Grade Design Mix Ratio 

 

 

 

 

 

 

Table -5: Normal Strength GPC Design Mix Ratio 

 
Table -6: High Strength GPC Design Mix Ratio 

 

Notations given for different combinations of Layered 
geopolymer concrete elements which were casted are as 
follows, in Table 7. 

Table -7: Mix Details 

 

4. DISCUSSIONS OF TEST RESULTS 

4.1 Compressive Strength  

Cube specimens measuring 0.15 × 0.15 × 0.15 meters were 
cast and tested using a compression testing machine (CTM) 
after curing periods of 7, 14, 28, and 56 days, corresponding 
to various concrete mix ratios. For each curing age and mix, 

Sl 
No 

Material Quantity(kg/m3)  

1 Cement 241 

2 Fine Aggregate 467 

3 Coarse aggregate 1511 

Design Mix Ratio: 1:1.95:6.30 & W/c is 0.63 

Sl No Material Quantity(kg/m3)  

1 Binders (70% GGBS+30% Fly 
Ash) 

462.22 

2 Fine Aggregate 541 

3 Coarse Aggregate 1307.4 

Design Mix Ratio: 1:1.17:2.83. NaOH: 6M, Alkaline/Binder 
ratio: 0.4 

Sl No Material Quantity(kg/m3)  

1 Binders (70% GGBS+30% 
Fly Ash) 

512.15 

2 Fine Aggregate 533.7 

3 Coarse Aggregate 1291 

Design Mix Ratio: 1:1.04:2.52. NaOH: 14M, 
Alkaline/Binder ratio: 0.3 

Sl 
No 

Mixes Designation 

1 6 Molar  geopolymer concrete NSGC 

2 14 Molar geopolymer concrete HSGC 

3 14M 2/3rd from top and 6 M  

1/3rd from soffit. 

HSGC-NSGC 

4 6 M 2/3rd from top and 14 M 
1/3rd from soffit. 

NSGC-HSGC 

5 6 M 1/3rd from top, Middle1/3rd 
M10 and last 1/3rd 14 M 

NSGC-LSC-HSGC 

6 14 M 1/3rd from top, Middle1/3rd 
M10 & last 1/3rd portion 6 M 

HSGC-LSC-NSGC 
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the average strength was calculated from three samples. The 
summarized results for each set are presented in Table 8. 

Table -8: Results of Compresssive Strength Test 

 

The above results highlight the variation in compressive 
strengths across different concrete grades used in all mix 
proportions. In multi-layered concrete combinations 
incorporating grades such as M10, 6 M GPC, and 14 M  GPC, 
this variance becomes particularly evident. M10 typically 
achieves strengths in the range of 10–15 MPa, normal 
strength falls between 20–40 MPa, while high strength 
consistently exhibits compressive strengths of 60–75 MPa or 
higher. These distinctions make M10 more appropriate for 
non-structural elements, whereas the latter are better suited 
for progressively more demanding structural applications. 

4.2 Flexural Strength 

Flexural strength was assessed at 28 and 56 days using 
concrete prisms measuring 10 × 10 × 50 cm. The testing 
followed a two-point loading method, where the failure load 
was recorded to calculate the flexural strength. The 
outcomes of these tests are illustrated in Figure 2. 

                   
Fig -1: Flexural strength Comparison 

The flexural strength test results for different mix 
combinations at 28 and 56 days reveal distinct performance 
trends across the layered concretes. High-strength 
geopolymer concrete (HSGC) layers demonstrate the highest 

flexural strength, reflecting enhanced structural behavior. In 
contrast, low-strength conventional concrete (LSC) layers 
exhibit comparatively lower values due to their inherent 
material limitations. Normal-strength geopolymer concrete 
(NSGC), meanwhile, offers a middle ground—balancing 
mechanical strength with favorable workability—making it 
suitable for transitional zones in composite concrete 
elements. 

5. CONCLUSIONS 

This study highlights a strategic and well-integrated use of 
geopolymer concrete by combining various strength grades 
(M10 low strength conventional concrete, 6 M medium 
strength geopolymer concrete, and 14 M, high-strength 
geopolymer concrete) within a single structural framework. 
This layered design not only ensures optimized strength 
distribution but also promotes cost efficiency, structural 
adaptability, and adherence to safety and sustainability 
standards. By assigning M10 to non-critical zones, normal 
strength GPC to intermediate areas, and 14 M GPC to high-
stress regions, the approach efficiently tailors material usage 
to actual performance demands. Crucially, leveraging 
geopolymer concrete in place of traditional cement-based 
mixes significantly reduces environmental impact by 
utilizing industrial byproducts like fly ash and GGBFS. The 
inclusion of geopolymer-based 6 M and 14 M enhances 
durability, thermal stability, and long-term strength while 
supporting carbon footprint reduction. Additionally, phased 
casting techniques using multiple geopolymer grades 
streamline construction, reduce labor and material waste, 
and increase overall execution efficiency.   
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