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Abstract: With the world rapidly developing, there is a significant focus on improving infrastructure, with 

the construction industry playing a crucial role. Cement is a widely used material in construction, but its 

production results in the emission of around 6-8% of the total carbon dioxide in the world, contributing 

significantly to global warming. 

In this project Lime-Fly ash -Gypsum (LFG) binder has been used as a binder to partially replace OPC and 

studies have been carried out for physical, mechanical and other relevant properties with recycled concrete as 

aggregate partially replaced with normal aggregate  

LFG binder means fly ash-lime-gypsum binder Which are all a sort of waste materials or byproducts produced 

during manufacturing products and utilities and recycled aggregates are one kind of solid waste produced 

during demolition of concrete structure .So, this concrete is a green concrete which replaces OPC and recycled 

concrete for aggregate which is a waste produced during demolition of concrete structure. This can help to 

meet the unavailability of minerals which are a non - renewable resources and gets reduced day by day.  

 

In this research project total four mix proposition considered  

 

1) Conventional M40 

2) 25% Recycled concrete with aggregate 

3) 30% FAL-G binder with cement 

4) 25% recycled aggregate & 30% FAL-G binder both are replaced 

 

At the end of the research work the above results will be compared with conventional concrete   

Key Words: Lime, Fly ash, Gypsum, Recycled Concrete, Recycled Aggregate, Demolished Aggregates. 
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I. INTRODUCTION 

 

1.1 GENERAL INTRODUCTION 

 

Coal combustion residuals (CCRs), commonly referred to as coal ash, fly ash, flue ash, or pulverised fuel ash 

(in the UK), are fine particles that are produced when coal is burned in boilers. These particles are released 

into the atmosphere with the flue gases. The ash that accumulates at the bottom of the boiler's combustion 

chamber is called bottom ash or firebox ash. In modern coal-fired power plants, fly ash is typically collected 

using electrostatic precipitators or other particle filtration equipment before the flue gases are released through 

the chimneys. The combination of fly ash and bottom ash is commonly known as coal ash. 

.Plaster and mortar have historically been manufactured using lime, which is commonly produced through the 

burning of limestone. Chemically, lime is composed of calcium oxide (CaO), which is generated through the 

calcination of calcite (CaCO3) to eliminate carbon dioxide (CO2). Lime is also referred to as calx or 

quicklime, and the latter is particularly hazardous due to its high alkalinity, which can even lead to the 

dissolution of human tissue. 

1.2  Objective 

 

 To determine the physical properties of the recycled concrete aggregate, Fal-g (fly ash-lime-gypsum) binder 

 To determine the strength characteristics of developed concrete 

 To compare the analytical results and experimental results 

 To determine the Scanning Electron Microscopy(SEM)of the concrete to understand the micro structural 

arrangements. 

1.3  Scope Of The Project 

 
The work can be extended for various grades of concrete with various types of aggregates, binders, and 

admixtures with the optimum volume the performance can be increased. 

 

The present study is aimed to utilize waste and industrial by product to partially replace the conventional 

concrete materials. The reduced consumption of cement will prove a great way in reducing the greenhouse gas 

emission while manufacturing the cement in the industries. Further utilization of recycled concrete will reduce 

the consumption of scarce natural coarse aggregate / conventional coarse aggregate. Currently the research on 

partially replacement of conventional concrete materials by using industrial byproducts or waste materials 

which are greatly affecting the environment due to their improper disposals is considered as socially impacted 

studies. 
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1.4 Need for project 

 

 To reduce the waste dumping of concrete waste on the ground. 

 

 To minimize the usage of cement by adding FAL-G (fly ash-lime-Gypsum) binder... 

 To provide effective conservation and utilization of natural resources 

 

 To make a perfect use of the industrial byproduct to save natural resources 

 

II. EXPERIMENTAL INVESTIGATION 

2.1  Mix design 

To design a concrete mix for M40 grade, we need to determine the proportions of cement, aggregates, and 

water that will result in the desired strength and workability. Here's an example mix design for M40 concrete 

with a water- cement ratio of 0.43: 

 

Target strength: 40 MPa (mega Pascals) at 28 days 

 Maximum size of aggregate: 20mm 

Based on these factors, we can calculate the following proportions for the mix: 

 

 Cement: 433 kg/m3 

 Water: 198 kg/m3 

 Fine aggregate (sand): 638 kg/m3 

 Coarse aggregate (20 mm): 1155 kg/m3 

 

To verify that the mix meets the target strength, we can perform compressive strength tests on concrete 

cubes made from the mix at different curing ages (e.g. 7, 14, and 28 days). If the results of these tests fall within 

the desired range, the mix can be considered suitable for use in construction. 

 

It's important to note that the mix design may need to be adjusted based on factors such as the specific 

properties of the materials used, environmental conditions, and the intended application of the concrete. A 

qualified engineer or concrete technologist should be consulted to ensure that the mix is appropriate for the 

specific project requirements. 
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2.1  Mix proposition 

 

The mix proposition for M40 concrete replaced with 25% recycled aggregate and 30% FAL-G binder for the 

total amount of aggregate and cement for the mix 

 

There are four mix proposition they are 

 

 Conventional M40 

 25% Recycled concrete with aggregate 

 30% FAL-G binder with cement 

 25% recycled aggregate & 30% FAL-G binder both are replaced 

 

III. RESULT AND DISCUSSION 

 

Based on the compression strength values provided, we can see that mix 1 has the highest compression strength 

of 27.41 MPa, while mix 2 has the lowest compression strength of 19.18 MPa. Mix 3 and mix 4 have similar 

compression strength values of 20.22 MPa and 19.48 MPa, respectively. 

It's important to note that these are 7-day compression strength values, and concrete typically gains strength 

over time with proper curing. In general, concrete strength can increase by up to 50% or more between 7 days 

and 28 days of curing, depending on various factors such as the type of cement used, the water-cement ratio, 

and the curing conditions. 

Therefore, it's possible that the compression strength values of the cubes could increase significantly if tested 

after 28 days of curing. However, based on the 7-day compression strength values, it appears that mix 1 still 

has the highest strength, while the other cubes have lower strength values. This suggests that the replaced 

materials used in the other mix may not be as effective in producing high-strength concrete as the conventional 

materials used in mix 1. 

 

At 7 days of curing, the compression strength results are: 

 

 Mix 1: 27.41 MPa 

 Mix 2: 19.18 MPa 

 Mix 3: 20.22 MPa 

 Mix 4: 19.48 MPa 

 

 

At 14 days of curing, the compression strength results are: 

 

 Mix 1: 28.51 MPa 

 Mix 2: 25.56 MPa 

 Mix 3: 27.85 MPa 

 Mix 4: 20.59 MPa 
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At 28 days of curing, the compression strength results are: 

 

 Mix 1: 44.26 MPa 

 Mix 2: 41.21 MPa 

 Mix 3: 38.25 MPa 

 Mix 4: 36.90 MPa 

 

From these results, we can see that Mix 1 has the highest compression strength values at all three curing 

periods, followed by Mix 2, Mix 3 and Mix 4. 

It's important to note that these results are specific to the testing conditions and materials used in this particular 

experiment, and may not be representative of all possible variations of these mixes. Other factors such as 

workability, durability, and cost would also need to be considered when evaluating the effectiveness of each 

mix for a particular application. Fig 6.1 shows the compression strength of concrete. 

 

Fig 3.1 Graph of compression test results on cube 

 

At 7 days of curing: 

 

 Mix 1 (represented by Cylinder 1): 2.97 MPa 

 

 Mix 2 (represented by Cylinder 2): 2.29 MPa 

 

 Mix 3 (represented by Cylinder 3): 2.99 MPa 

 

 Mix 4 (represented by Cylinder 4): 2.61 MPa 

 

 At 14 days of curing: 

 

 Mix 1: 3.20 MPa 

 

 Mix 2: 2.82 MPa 

 

 Mix 3: 3.18 MPa 

 

 Mix 4: 2.47 MPa 

 

http://www.ijcrt.org/


www.ijcrt.org                                                          © 2025 IJCRT | Volume 13, Issue 6 June 2025 | ISSN: 2320-2882 

IJCRT2506693 International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org f914 
 

At 28 days of curing:  

 

 Mix 1: 4.06 MPa 

 

 Mix 2: 3.74 MPa 

 

 Mix 3: 3.25 MPa 

 

 Mix 4: 3.52 MPa 

 

Based on these results, we can see that Mix 1 has the highest tensile strength values at all three curing periods, 

followed by Mix 2, Mix 4, and Mix 3. 

It's important to note that the tensile strength values are significantly lower than the corresponding compressive 

strength values, and that concrete is typically stronger in compression than in tension. Therefore, it's important 

to carefully evaluate the tensile strength values in the context of the specific application and conditions in 

which the concrete will be used. Fig 6.2 represent the tensile strength of concrete 

 

 

Fig 3.2 Graph of split tensile test results on cylinder 

 

IV. SUMMARY AND CONCLUSION 

4.1 SUMMARY 

 

Fly ash lime gypsum binder is a type of construction material that is partially made from fly ash, which is a 

byproduct of coal combustion. The material is often used as a replacement for cement in concrete mixes, as it 

can provide a number of benefits including improved workability, durability, and reduced carbon emissions. 

 

When fly ash is used in place of cement, it can help to reduce the amount of CO2 emissions associated with 

the production of concrete, as well as reduce the amount of waste material sent to landfills. Additionally, fly 

ash can improve the overall strength and durability of the concrete, making it more resistant to cracking and 

shrinkage. 

http://www.ijcrt.org/


www.ijcrt.org                                                          © 2025 IJCRT | Volume 13, Issue 6 June 2025 | ISSN: 2320-2882 

IJCRT2506693 International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org f915 
 

 

To create a fly ash lime gypsum binder, fly ash is typically mixed with lime, gypsum, and water to form a 

paste that can be used as a binder for construction materials. The exact proportions of the different materials 

can vary depending on the specific application and desired properties of the final product 

 

Overall, the use of fly ash lime gypsum binder in construction can provide a number of benefits in terms of 

environmental sustainability and performance. However, it's important to carefully consider the specific 

properties and requirements of each project before deciding to use this type of material. Proper testing and 

analysis should be performed to ensure that the material will meet the necessary standards and specifications 

for the intended application. 

 

When recycled concrete is used as an aggregate replacement, it can provide a number of benefits. For example, 

it can help to reduce the need for virgin aggregates, which can conserve natural resources and reduce carbon 

emissions associated with transportation and processing. Additionally, recycled concrete can improve the 

overall strength and durability of the new concrete mix, as it may contain materials that are already well-suited 

for construction use. 

 

To create recycled concrete, existing concrete structures are crushed and screened to remove any impurities or 

debris. The resulting material can then be used as an aggregate replacement in new concrete mixes, either 

partially or fully. The exact proportions of the different materials can vary depending on the specific 

application and desired properties of the final product. 

 

Overall, the use of recycled concrete as an aggregate replacement can provide a number of benefits in terms 

of environmental sustainability and performance. However, it's important to carefully consider the specific 

properties and requirements of each project before deciding to use this type of material. Proper testing and 

analysis should be performed to ensure that the material will meet the necessary standards and specifications 

for the intended application. 

 

4.2   Conclusion 

 

Fly ash lime-gypsum (FAL-G) binder is a type of cementitious material that is made by combining fly ash, 

lime, and gypsum. It is considered an eco-friendly alternative to Portland cement due to its lower carbon 

footprint and the use of waste materials. However, the presence of fly ash in the FAL-G binder can lead to 

slower strength gain in concrete. 

The strength of conventional concrete is 44.26 N/mm2. When 25% of the conventional aggregate is replaced 

with recycled aggregate, the strength drops slightly to 41.21 N/mm2, which is still comparable to the strength 

of conventional concrete. 

However, when you combine 30% FAL-G binder and 25% recycled aggregate, the strength of the resulting 

concrete drops significantly to 36.90 N/mm2. This is because both the FAL-G binder and recycled aggregate 

contribute to slower strength gain in concrete. 
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The lower strength of the FAL-G and recycled aggregate concrete can be attributed to several factors. Firstly, 

the fly ash in the FAL-G binder is a pozzolanic material that reacts slowly with the lime to form cementitious 

compounds. This slow reaction leads to slower strength gain in concrete. Secondly, the recycled aggregate 

may contain weaker particles or contaminants that can affect the overall strength of the concrete. 
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