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ABSTRACT 

Geopolymer concrete is often called environmentally friendly "or" green building materials. Since the production 

process of Geopolymer, concrete does not consume as much energy that is consumed during cement manufacturing. 

Geopolymers can significantly reduce the emission of carbon dioxide to replace Cement. This research focuses on 

developing mix proportions for geopolymer concrete with material densities ranging from 1200 kg/m3 to 1400 kg/m3 

to attain strength ranges suitable for usage as a structural material. The admixture employed in this research is 

Aluminium oxide powder, and to densify the geopolymer created, a 12.5 molarity sodium hydroxide solution was used. 

In this study, concrete mixes are prepared with partial replacement of natural sand at different substitution rates 10%, 

20% ,30%, 40%, 50%and 60% with waste materials then different properties of concrete are compared ..., with the 

control concrete mix containing 100% natural sand. Finally an optimum amount of Sand replacement has been 

determined & a concrete sample was prepared using this configuration, its strength & workability were estimated. 

Keywords: Copper Slag, Durability, Fly ash, Flexural strength, Geopolymer Concrete, Strength parameters, Stone dust, 

Workability. 

1. INTRODUCTION 

Concrete production has a significant impact on our environment. It is the second-largest producer of carbon dioxide, 

accounting for 8% of the world's carbon footprint, responsible for climate change. The amount of waste generated in 

many other industries is increasing. In short, our landfills are quickly being filled up, and valuable resources are being 

lost. Therefore, people are rethinking the role of waste, giving industrial by-products new lives, reducing carbon dioxide 

emissions, and reducing landfills. World cement consumption rose by 2.8% in 2019, leading to CO2 2.5-3% emission 

per metric ton. Currently, (OPC) is the most broadly used concrete binder globally. OPC, aggregate, and water form 

traditional Ordinary Portland cement concrete (OPCC) that Rules the construction materials market. Worldwide OPC 

production exceeded 3.8 billion tonnes in 2018, as per the United States Geological Survey report (USGS 2020; Cui, 

Gao, and Zhang 2020) Cement Minerals program. Considering that OPC production causes serious greenhouse gas 

emissions, the widespread use of OPC is a big problem. Carbon dioxide (CO2) emitted from fossil fuels in cement 

production is considered the main driver of climate change(Gregg, Andres, and Marland 2008; Cui, Gao, and Zhang 

2020). Also, the durability issues caused by OPC (Zhang et al. 2017; Wang et al. 2019) constitute a serious problem that 

directly impairs structural safety. Besides, cement production is expected to increase. In 2016, the entire construction 

area in the world was around 235 billion square metres, and this figure is predicted to quadruple by 2025. Over the next 

40 years, the amount of construction space in Japan will expand by 40 percent. An average of 15 per planet per year 

until 2060(Lehne and Preston 2018). 

 

Fig. 1. Emission of CO2 from different Sectors (www.google.co.in) 
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Geopolymer is a rising field of research for utilizing by-products. It has paved the way for finding new alternatives for 

the replacement of cement in the concrete industry and may be utilized by cement producers to offer a broader range of 

cementitious products to the market. Geopolymers are members of the family of inorganic alumino-silicate polymer 

synthesized from alkaline activation of various aluminosilicate materials or other by-product materials like fly ash, 

metakaoline, blast furnace slag etc. (Davidovits, 2008). The chemical composition of the geopolymer material is similar 

to natural zeolitic materials, but the microstructure is amorphous. The final products of geopolymerisation are influenced 

by several factors based on chemical composition of the source materials and alkaline activators (Diaz et al. 2010; Yip 

et al. 2008). The polymerisation process is generally accelerated at higher temperatures. Fly ash based geopolymer 

produced in ambient temperature achieve lower strength in early days as compared to heat-cured specimens (Vijai et al. 

2010). 

 

Fig. 2. ingredients of GPC 

Following are the objectives of this work- 

• To assess the physical and engineering properties of Copper slag, steel slag and pond ash collect from nearby 

sources and compare them with same properties of Zone II fine aggregate (sand) available near Bhopal region. 

• To investigate the strength properties of fly ash based GPC with copper slag, pond ash, steel slag, as replacement 

of sand when subjected to a static load, and compare with the GPC concrete with conventional Zone II fine 

aggregate (sand) . 

• To examine the workability characteristics of geopolymer concrete with alternate materials. 

2. LITERATURE REVIEW 

Ganesh et.al. (2024) In this research work, the efect of partial replacement of fyash with GGBS in proportions such as 

0, 10, 20, 30 and 40% is investigated. Also Molarity of NaOH are tested from 8 to 14 M and both the parameters are 

optimized. In this optimized Geopolymer concrete, the utilization of iron slag as a partial substitute for river sand in 

various proportions such as 10, 15, 20, 25, 30 35, 40 and 45% are investigated. The optimized Geopolymer concrete 

with iron slag is investigated for its performance as a paver block with incorporation of banana fber in proportions such 

as 0, 0.5, 1 and 1.5 and is compared with conventional cement concrete paver block. The results show that there is a 

signifcant enhancement in the properties of Geopolymer concrete with the diferent levels of optimization and the 

utilization of natural banana fber. The developed sustainable paver block was found to with stand medium trafc 

conditions as per IS 15658:2006. Further this study employed random forest (RF) algorithm for the prediction of 

compressive strength of geopolymer concrete specimens for the variable parameters such as molarity of alkaline 

solution, Flyash/GGBS ratio and partial replacement of river sand with iron slag. The performance evaluation parameters 

represented high accuracy of developed RF model. This research work unleashes a heft potential of Geopolymer 

concrete to develop economical eco-friendly sustainable paver blocks to the society through mitigation of environmental 

strain on the ecosystem. 
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Arvind Singh Gaur (2023) This paper reviews past studies on concrete paver blocks constructed using construction and 

demolition wastes (CDW). The review work focuses on studies using recycled aggregate with partial replacements of 

natural aggregates. The results from the experimental investigation of workability, density, water absorption, abrasion 

resistance, compressive strength, flexural strengths, etc of concrete reported earlier were reviewed. The split tensile 

strength, impact value, crushing value tests, etc that were conducted to evaluate the performance of the paver blocks 

were analyzed in this study. The critical observations of the past work were summarized at the end of this paper. A few 

of the important findings are given as Most of the research has suggested a replacement of natural aggregate up to 50% 

by demolition wastes to reach the desired performance level of paver blocks. The studies have focused primarily on 

M20, M25, and M35 grades of concrete for making paver blocks. The paver blocks made by using demolition wastes 

could be used in streets for high volume traffic provided the blocks were overlaid on adequately designed base and 

subbase layers. 

Mahdi et.al. (2022) This study proposes development of geopolymer paver (GEOPAV) blocks utilizing brick kiln rice 

husk ash (BKRHA). It presents fresh, mechanical and durability properties of GEOPAV blocks blended with fly ash, 

BKRHA, natural aggregates, NaOH and Na2SiO3 solution, and cured in both sundry and room temperature conditions. 

Microstructural analysis using scanning electron microscope (SEM) and X-ray diffraction (XRD) was adopted to study 

the influence of BKRHA on hardened properties of GEOPAV blocks. The results show that addition of BKRHA reduce 

the workability of GEOPAV mixes due to micro porous surface with honeycombed structure of BKRHA particles. The 

addition of BKRHA showed negligible improvement in compressive strength of GEOPAV blocks. However, the major 

advantage was observed with improved split tensile strength and flexural strength for GEOPAV blocks with BKRHA. 

Further, the durability properties in terms of resistance to acid and frost attack was significantly improved with the 

addition of BKRHA in GEOPAV blocks. Such improvements can be attributed to high amounts of amorphous silica in 

BKRHA which contribute towards dissolution and formation of polymeric gel, and thereby serve as a binder to enhance 

the geopolymer matrix making it dense. Finally, all the developed GEOPAV blocks satisfy the IS 15658–2021 

specification requirements and perform much better when compared to commercially available paver blocks. 

Replacement of SPFA with BKRHA has reduced the workability of GEOPAV mixes. This can be attributed to 

microporous and honeycombed structure in the morphology of BKRHA particle. 

Leong Sing Wong (2022) studied that a comprehensive understanding on the durability behavior of geopolymer concrete 

could be achieved from this review. It can be concluded from this review that geopolymer concrete is durable and 

resistant to heat, chloride penetration, acid attack, and abrasion. An optimal addition of fibers and ultra-fine silica 

material such as nano-silica to geopolymer concrete could enhance its residual compressive strength. This could be 

achieved through the actions of reinforcing fibers and pore blocking of extremely-small-sized silica particles that 

prevented crack propagation in geopolymer concrete. In that regard, it is interesting for future research to explore the 

role of thermal insulating raw material such as fiberglass at enhancing the residual compressive strength of geopolymer 

concrete. A high degree of alkalinity in admixture; tough aggregate; and the optimal utilization of fibers and additives 

were the identified elements that could minimize the porosity and maximize the binding effect of geopolymer concrete, 

thereby protecting it from damage due to harsh environmental exposure. The review on the durability aspects of 

geopolymer concrete showed that it had high compressive strength at an optimal elevated temperature, low to medium 

chloride ion penetrability, and high resistance to acid attack and abrasion. This makes geopolymer concrete a viable 

candidate to replace OPC concrete in the construction industry. 

Lelian ElKhatib et.al. (2022) Attempted to review recent articles on the production and properties of geopolymers and 

alkali activated materials. Different hardened, structural, and durability properties are studied. These include; 

compressive strength, flexural strength, modulus of elasticity, ultrasonic pulse velocity, shrinkage, expansion, creep, 

weight loss, carbonation, sulfate, and corrosion. Authors concluded that, substituting cement in traditional concrete with 

alkali activated ashes to produce geopolymer concrete will become more popular in the future, as this will reduce the 

environmental pollution due to the extensive use of cement. Also, another advantage is that alkali activated concrete can 

have improved properties compared with traditional concrete. However, more research and field studies should be 

conducted to establish the practical use of geopolymer concrete. This will include cost and performance. In addition, 

other pozzolanic materials from bio-sources should be investigated for the production of alkali activated or geopolymer 

materials. 

1 Material Used 

The following materials are used during the research work- 

• Cement 

• Fine aggregates (Sand) 
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• Coarse Aggregates(20mm) 

• Coarse Aggregates(10 mm) or Jeera aggregate 

• Fly Ash (F class) 

• Steel Slag 

• Copper Slag 

• Pond Ash 

• Sodium hydroxide 

• Sodium silicate 

• Water 

3. METHODOLOGY 

Following procedure has been adopted for the work: 

Table 4. Cases considered for study 

 

 

4. RESULTS 

 

Fig. 3 Graphical Representation of variation of slump value on varying replacement 
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Fig. 4 Graphical Representation of variation of Compressive Strength value on 28 days 

 

Fig. 5 Flexural Strength of M30 having replacements 

5. CONCLUSION 

From the results we can conclude that 

• When the replacement of sand is increased up to 60% by Pond ash in concrete mix, there is decrease in the slump 

value which shows the workability of the concrete is decreased. However it is satisfactory for construction work. 

• Partial replacement of sand with Steel slag and copper slag leads to increment in workability as show in slump 

value graph. 

• In terms of Compressive Strength mix prepared with replacement up to 30% with pond ash and Copper Slag the 

7th, 14th and 28th day strength was higher than control mix. All the experimental mixes satisfy the 28th day 

compressive strength expected from M30 grade of concrete. 

• In terms of Compressive Strength mix with replacement up to 20% steel slag the 7th, 14th and 28th day strength 

was higher than control mix. 

• It is observed that the flexural strength for concrete with replacements was increased when the copper slag was 

added up to level of 30% replacement & the flexural strength of the CS30 mix designation is higher than the 

control concrete. 

• It is observed that the flexural strength for concrete with replacements was increased when the pond ash was 

added up to level of 30% replacement & the flexural strength of the PA30 mix designation is higher than the 

control concrete. 

• It is observed that the flexural strength for concrete with replacements was increased when the steel slag was 

added up to level of 20% replacement & the flexural strength of the SS 30 mix designation is higher than the 
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control concrete. 

• Therefore, the conclusions of all these tests suggest that the mixture containing 30% copper slag or 20% steel slag 

or 30% Pond ash may be used as a suitable replacement for natural sand in concrete in moderate environments 

without compromising the strength. 
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