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Abstract - The utilization of calcined clays and limestone 
powder as clinker substitutes to create a tertiary blend 
referred to as Limestone Calcined Clay Cement (LC3) is a 
promising developing technology. This study's innovation is 
the incorporation of supplemental cementitious material, 
namely coal ash, as an alternative at levels of 6%, 8%, and 
10%. This cementitious substance can mitigate the 
environmental effects of the clinker component in cement. 
Typically, the replacement of clinker with limestone is 
limited to 15%, although calcined clay may replace up to 
25% of the clinker. Researchers have successfully produced 
LC3 in the laboratory with a OPC content as low as 45%- 
50%. Sustainability comprises the exact formulation of 
binder mixtures and the enhancement of binder efficacy. It 
is essential to assess the intrinsic characteristics of these 
binders to facilitate their application as standard industrial 
cement. The study seeks to find out the chemical and 
physical effects of LC3 binder components on hydration, 
hardening, and property development parameters to 
improve comprehension of the overall effectiveness of low- 
clinker binders. The findings indicate that determining the 
consistency limit is challenging due to the influence of lime 
content. The mortar cube strength with different coal ash 
percentages demonstrates that LC3 is similar to traditional 
Portland cement.. 
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1. INTRODUCTION 

 
The production of cement has a significant 
environmental impact, primarily due to the high 
energy consumption and substantial CO₂ emissions 
associated with the calcination process. Ordinary 
Portland Cement (OPC) production is responsible 
for approximately 8% of global carbon dioxide 
emissions, which contributes to global warming 
and climate change. In response to this challenge, 
researchers and industry professionals are 
exploring alternative cementitious materials that 

compromising the quality and durability required 
for construction. 
Limestone Calcined Clay Cement (LC3) has 
emerged as a promising substitute for OPC. LC3 
blends OPC clinker with calcined clay, limestone, 
and gypsum, reducing the reliance on clinker—a 
major source of CO₂ emissions. The unique 
combination of these materials helps achieve 
similar or improved strength characteristics while 
substantially lowering the overall environmental 
impact. This project explores the viability of LC3 as 
an alternative to traditional cement in terms of 
mechanical properties, durability, and CO₂ 
reduction potential. 
By incorporating LC3 in place of OPC, it is possible 
to achieve up to 50% reduction in carbon 
emissions. The adoption of LC3 could revolutionize 
the construction industry, making it more 
sustainable and environmentally friendly. This 
research focuses on the mix design, casting, testing, 
and analysis of LC3 to evaluate its performance 
compared to conventional OPC. 

 

 
1.1 BACKGROUND OF THE WORK 

 

The construction industry is rapidly evolving in 
response to increasing environmental concerns. 
Cement, an essential material in construction, has 
been under scrutiny for its environmental impact, 
mainly due to the energy-intensive production 
process and high CO₂ emissions. The OPC 
production process involves calcining limestone to 
produce clinker, which is then ground to form 
cement. This calcination process is energyintensive 
and releases large quantities of CO₂, contributing to 
global warming. 
With the global push for sustainable practices, 
reducing the carbon footprint of cement production 
has become a priority. Several alternative binders, 
such as fly ash and slag, have been explored, but 
they often face challenges related to availability and 

 can reduce the carbon footprint without  
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performance. LC3 is a novel cementitious material 
that has shown promise as a viable alternative to 
OPC. Developed through extensive research, LC3 
leverages locally available raw materials— 
limestone, calcined clay, and gypsum—offering a 
sustainable solution that is both cost-effective and 
efficient. 
LC3 has a lower clinker factor compared to OPC, 
meaning less clinker is used in its composition. This 
reduction in clinker results in a direct decrease in 
CO₂ emissions, as clinker production is the most 
carbon-intensive part of cement manufacturing. 
The incorporation of calcined clay in LC3 provides 
pozzolanic properties, which enhance the strength 
and durability of the material by forming additional 
calcium silicate hydrates (C-S-H) during the 
hydration process. Additionally, limestone in LC3 
improves particle packing, resulting in better 
performance and durability. 
The background of this work is rooted in the need 
to reduce CO₂ emissions in cement production. By 
developing and optimizing LC3, this project aims to 
contribute to a more sustainable construction 
industry. 

 
1.2 MOTIVATION (SCOPE OF THE PROPOSED 

WORK) 

 

One of the primary motivations for this research is 
the urgent need to address environmental issues 
associated with cement production. Cement 
manufacturing is one of the most significant 
contributors to global CO₂ emissions, which drive 
climate change. The development of LC3 presents 
an opportunity to reduce CO₂ emissions by up to 
50%, representing a significant step towards 
sustainable construction practices. By replacing a 
portion of OPC with calcined clay and limestone, 
LC3 reduces the reliance on clinker, which is the 
main source of CO₂ emissions in cement 
production. The environmental benefits of LC3 
extend beyond CO₂ reduction. The production of 
LC3 requires lower temperatures compared to OPC, 
which translates to reduced energy consumption. 
Additionally, LC3 utilizes materials that are more 
abundant and widely available, such as limestone 
and clay, which reduces the pressure on non- 
renewable resources. This makes LC3 a sustainable 
option that aligns with the goals of green 
construction and sustainable development. 

 
In addition to its environmental advantages, LC3 
offers economic benefits. OPC production is energy- 
intensive and costly, particularly due to the high 
temperatures required for clinker production. The 
inclusion of calcined clay and limestone in LC3 
reduces the amount of clinker needed, thereby 

reducing the energy required for production. This 
decrease in energy consumption translates into 
lower production costs, making LC3 a cost-effective 
alternative to OPC. 
Furthermore, the availability of calcined clay and 
limestone is higher than that of other 
supplementary materials like fly ash and slag, 
which are often limited by location and availability. 
This makes LC3 not only a more accessible material 
but also an economically viable option for the 
cement industry, especially in regions where clay 
and limestone are readily available. 
The scope of this project encompasses the 
development, testing, and analysis of LC3 as an 
alternative to OPC. The primary focus is on 
determining the optimal mix proportions of OPC, 
calcined clay, limestone, and gypsum to achieve a 
cementitious material that meets or exceeds the 
performance of conventional OPC. This includes 
evaluating the compressive strength, setting time, 
workability, and durability of LC3 compared to OPC. 
The project will also assess the environmental 
impact of LC3, particularly its CO₂ emissions, 
energy consumption, and resource utilization. By 
analyzing these factors, this study aims to provide a 
comprehensive understanding of the feasibility of 
LC3 as a sustainable alternative to OPC. 
The research will involve several stages, including: 

 

1. Selection of raw materials based on quality 
and compatibility. 

2. Preparation of LC3 samples with varying mix 
proportions. 

3. Testing the compressive strength, setting time, 
and durability of LC3 samples. 

 

4. Analyzing the environmental benefits of LC3 in 
terms of CO₂ reduction and energy efficiency. 

5. The outcome of this work is expected to 
provide valuable insights into the potential of 
LC3 to replace OPC, thereby contributing to a 
more sustainable construction industry. 

Challenges and Proposed Solution Challenges: 

 

Strength and Durability: One of the main challenges 
in replacing OPC with LC3 is ensuring that the new 
material meets the same strength and durability 
standards. Since OPC has been used for decades and 
has well-established properties, alternative 
materials like LC3 need to demonstrate comparable 
or superior performance. 
Setting Time and Workability: Adjusting the setting 
time and workability of LC3 to match construction 
requirements can be challenging, as changes in 

https://www.irjweb.com/current_issue.php


International Research Journal of Education and Technology 

Peer Reviewed Journal 

ISSN 2581-7795 

  

© 2024, IRJEdT                                              Volume: 06 Issue: 12 | Dec-2024                                              Page 1825 

 

composition can affect the hydration process. 
Proper setting times are crucial to ensure 
workability during construction and to achieve 
long-lasting strength. ii. Consistency in Raw 
Materials: The quality and properties of calcined 
clay, limestone, and gypsum can vary depending on 
the source. Ensuring a consistent and high-quality 
mix requires careful selection and processing of 
raw materials. 
Proposed Solution: 

This project addresses the challenges through a 
systematic approach to mix design and testing. By 
adjusting the ratios of OPC, calcined clay, limestone, 
and gypsum, the study aims to develop an LC3 
blend that maintains the compressive strength, 
durability, and workability required for structural 
applications. The use of calcined clay provides 
pozzolanic properties that contribute to the 
material's strength, while limestone enhances 
packing density and early strength development. 
The proposed solution also includes the 
development of a standardized testing procedure to 
ensure consistency in results. By following 
established testing methods, such as compressive 
strength tests, setting time measurements, and 
fineness analysis, the project aims to provide 
reliable and repeatable results. 

 
Expected Outcome 

 

The expected outcome of this work is the 
development of an LC3 mix that can serve as a 
sustainable alternative to OPC in construction. It is 
anticipated that LC3 will demonstrate comparable 
or superior strength and durability characteristics, 
with a significantly reduced carbon footprint. The 
project also aims to establish a baseline for LC3 
properties, which could contribute to the adoption 
of LC3 in the construction industry. 

 

2. OBJECTIVES AND METHODOLOGY 
 

The construction industry's reliance on Ordinary 
Portland Cement (OPC) has made it a major 
contributor to global CO₂ emissions. With growing 
concerns over climate change, the development of 
sustainable building materials has become a 
primary focus. LC3, or Limestone Calcined Clay 
Cement, is a cutting-edge solution aiming to reduce 
the carbon footprint associated with conventional 
cement production while meeting the structural 
and durability requirements of modern 
infrastructure. This chapter presents a systematic 
approach to achieving the objectives of this 
research through clearly defined goals and a 
comprehensive methodology that  enables  the 

evaluation and optimization of LC3 for practical 
use. 
LC3 utilizes calcined clay and limestone as partial 
replacements for clinker in cement, which directly 
reduces the carbon emissions associated with the 
calcination of limestone—a primary source of CO₂ 
emissions in traditional cement manufacturing. By 
introducing LC3 as an alternative to OPC, this 
project seeks to address both environmental and 
economic concerns, aiming to present a sustainable 
cement solution without compromising on 
performance. The following objectives are 
developed based on a review of existing literature 
and an understanding of the challenges in 
cementitious materials. 

 

 
2.1 OBJECTIVES OF THE PROPOSED WORK 

 

The objectives of this study focus on validating 
LC3’s practical and environmental advantages 
while ensuring its economic viability. These 
objectives are aligned to provide measurable 
outcomes that address current gaps in low-carbon 
cement production. 

 

 
Objective 1: To Assess and Optimize the Mechanical 

Properties of LC3 

 

In any construction material, mechanical 
properties such as compressive strength, setting 
time, and durability are essential for ensuring 
structural integrity. This objective involves 
analyzing the compressive strength of LC3 
formulations with varied mix ratios of OPC, 
calcined clay, and limestone, with a particular focus 
on determining the optimal combination for 
maximum load-bearing capability. Through 
comparative analysis, we seek to establish that LC3 
can meet or exceed the structural performance 
benchmarks set by OPC. 
Detailed Approach: 

 

1. Conduct consistency and setting time tests 

using the Vicat apparatus to determine the 

water demand and curing time for LC3. 

2. Prepare and test multiple cube specimens for 

each LC3 formulation under standard curing 

conditions to track compressive strength 

development at intervals (7, 28, and 56 days). 
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3. Validate these findings by comparing them 

with standard OPC mixtures to assess LC3’s 

viability as a high-strength building 

material. 

 

 
Objective 2: To Measure CO₂ Reduction Achieved 

through LC3 Production 

 

This objective focuses on quantifying the 
environmental impact of LC3 by calculating the 
reduction in CO₂ emissions compared to OPC. CO₂ 
emissions are measured primarily through the 
reduced clinker factor and the lower energy 
consumption required to produce LC3 components, 
particularly calcined clay. 
Environmental Analysis Approach: 

 

1. Conduct a lifecycle analysis (LCA) to 
estimate CO₂ emissions saved in the 
production of LC3 compared to OPC, 
considering the lower calcination 
temperature for clay and reduced clinker 
requirement. 

2. Collect data on emissions associated with 
raw material sourcing, calcination, and 
transportation, contributing to a detailed 
emission profile for LC3. 

3. Develop a projection model to illustrate 
potential CO₂ savings on a larger scale, 
thereby highlighting LC3’s sustainability 
impact. 

 

 
Objective 3: To Evaluate Economic Viability of LC3 for 

Construction Applications 

 

While environmental sustainability is crucial, 
economic feasibility is also a key factor for LC3’s 
adoption in the construction industry. This 
objective assesses LC3’s production costs relative 
to OPC, analyzing raw material costs, processing 
expenses, and overall affordability. 

Cost Analysis Approach: 

 

1. Compare costs associated with raw materials 
such as limestone, calcined clay, and gypsum 
against those of OPC. 

2. Examine production cost reductions achieved 
through lower energy requirements in 
calcination, transport efficiency, and simplified 
processing. 

3. Prepare a cost-benefit analysis that highlights 
LC3’s financial advantage, particularly in 
regions where clay and limestone are locally 
available. 

 
3.2 SYNTHETIC PROCEDURE AND FLOW DIAGRAM 

OF THE PROPOSED WORK 

 

The methodology for this study involves a carefully 
planned experimental process, including the 
selection of materials, mix ratio preparation, 
casting, curing, and testing. Each stage is designed 
to ensure the validity of results and the relevance of 
findings to real-world applications. 

 
A detailed flowchart of the preparation process is 
provided below to visually represent the sequence 
of steps taken in the methodology. 

 
DETAILED EXPLANATION OF EACH STEP 

 

1. Raw Material Selection: 

• OPC: Acts as the main binder, providing 
foundational strength to the LC3 mix. 

• Calcined Clay: Enhances pozzolanic 
activity, contributing to the chemical 
stability and durability of LC3. 

• Limestone: Functions as a filler and 
reacts with pozzolans in calcined clay, 
reducing overall clinker content. 

• Gypsum: Controls setting time, 
ensuring workability during the 
application phase. 

2. Material Preparation and Mix Design: 

• Mix Ratios: Develop several LC3 
formulations with varying OPC, 
calcined clay, and limestone 
percentages. 

• Mixing Process: Conducted in a 
controlled environment to avoid 
contamination and ensure precise 
ingredient ratios. 
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3. Casting and Curing: 

Molds are filled with LC3 mixes and 
compacted to eliminate air bubbles, 
then placed in curing conditions for a 
predefined period. 

4. Testing Procedures: 

• Consistency and Setting Time Tests: 
Performed using a Vicat apparatus to 
establish optimal water content and 
curing requirements. 

• Compressive Strength Tests: Conducted 
at intervals to measure strength 
development, essential for structural 
assessments. 

• Fineness Testing: Sieve analysis 
conducted to ensure particles are 
within the appropriate size range, 
impacting reactivity and consistency. 

 

 
3.3 SELECTION OF COMPONENTS, TOOLS, 

TECHNIQUES, AND PROCEDURES 

 

To guarantee the best quality and performance, 
the very complex process of producing 
limestone calcined clay cement (LC3) 
necessitates the careful selection of parts, 
equipment, methods, and processes. In order to 
lessen the environmental impact while 
preserving good material performance, 
calcined clay and limestone are being used to 
create an environmentally friendly substitute 
for conventional Portland cement. The 
essential components involved at every stage of 
the LC3 manufacturing process are described 
in detail in this section. 

 

 
3.3.1 RAW MATERIALS 

 

Clay, limestone, gypsum, and occasionally an 
extra activator like potassium or sodium 
hydroxide make up the majority of LC3. The 
final qualities of the cement are greatly 
influenced by the mixture and quality of these 
basic components. 

 
1. Ordinary Portland Cement (OPC): 

 

OPC acts as the primary binder in the LC3 
formulation. By partially replacing OPC with 
calcined clay and limestone, the environmental 
impact  associated  with  clinker  production  is 

significantly reduced. OPC is recognized for its high 
compressive strength, but its production is linked 
to considerable carbon emissions. The goal of this 
research is to explore the viability of reducing the 
amount of OPC used in cement formulations while 
maintaining or enhancing performance 
characteristics. 
2. Calcined Clay: 

 

Calcined clay is a pozzolanic material that offers 
enhanced cementitious properties. It is produced 
by heating clay to a specific temperature, resulting 
in a material that can react with calcium hydroxide 
during hydration to form additional calcium silicate 
hydrate (C-S-H). This process is crucial as it allows 
for the reduction of clinker content, thereby 
enhancing sustainability. The use of calcined clay 
not only contributes to strength development but 
also helps in reducing the carbon footprint of the 
cement. By altering the Blaine fineness and 
increasing the product's outer area for hydration, 
the fine particles of calcined clay add to the 
cement's overall fineness. 
3. Limestone: 

 

The main component of limestone, a sedimentary 
rock, is calcium carbonate (CaCO3), which is 
essential for the synthesis of many different 
materials, including cement. Because of its 
availability, affordability, and abundance, it is a 
perfect ingredient for manufacturing Limestone 
Calcined Clay Cement (LC3). Quicklime (CaO), 
which is created when limestone is burned to high 
temperatures in a kiln and releases carbon dioxide, 
combines with clay particles to increase the 
reactivity of cement. Achieving the intended 
performance in the finished cement product 
requires consistent blending and fine grinding of 
limestone. 
Limestone serves multiple roles in the LC3 mixture. 
It enhances the packing density of the mixture, 
improving the overall workability and durability of 
the cement. Furthermore, limestone contributes to 
the reactivity of the binder, facilitating the 
hydration process. Its ability to replace clinker in 
certain proportions makes it an essential 
component of LC3, enabling a substantial reduction 
in the carbon emissions typically associated with 
cement production. 
4. Gypsum: 

 

Gypsum is incorporated into the LC3 formulation to 
control the setting time of the cement. This mineral 
helps regulate the hydration reaction, preventing 
premature setting and ensuring that the mixture 
remains workable for an extended period. The 
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proper dosage of gypsum is crucial for achieving 
optimal performance; it aids in the development of 
early strength while also ensuring that the final 
product meets standard requirements. 
gypsum also helps optimize the workability of LC3 
during the mixing phase, allowing easier handling, 
transportation, and application of the cement. 
Without adequate gypsum, LC3 could exhibit poor 
flow characteristics and unmanageable setting 
times. the reaction between calcium oxide (CaO) 
from limestone and silica (SiO₂) from calcined clay 
forms calcium silicate hydrate (C-S-H), the main 
binding phase responsible for strength 
development in cement. Gypsum slows down the 
rate at which the calcium hydroxide (Ca(OH)₂) is 
released, thus promoting a more controlled and 
stable hydration process. 
5. Coal Ash: 

 

Coal ash is introduced as a supplementary 
cementitious material at varying proportions (6%, 
8%, and 10%) to investigate its effects on the 
mechanical properties and overall performance of 
LC3. As a byproduct of coal combustion, coal ash 
possesses pozzolanic properties, which can 
enhance the strength and workability of the 
cement. The incorporation of coal ash not only 
reduces the reliance on traditional OPC but also 
promotes recycling of industrial waste, 
contributing to environmental sustainability. It 
reacts with calcium hydroxide to form calcium 
silicate hydrate (C-S-H), which strengthens the 
cement matrix over time. The addition of fly ash 
reduces the heat of hydration, lowers permeability, 
and enhances resistance to chemical attacks. 
Although it slightly delays early strength 
development, it improves durability and reduces 
shrinkage and cracking 
Selection of Tools and Equipment 

 

• Vicat Apparatus: Used for consistency and 
setting time tests, providing critical data on 
water demand and setting characteristics. 

• Compression Testing Machine: Key equipment 
for evaluating compressive strength, 
measuring load-bearing capacity accurately at 
intervals. 

• Sieve Analysis Tools: Essential for determining 
fineness modulus of raw materials, impacting 
cement reactivity. 

3.3.2 EQUIPMENT 

 

A range of specialized equipment was utilized 
throughout the experimental process to ensure 
precise measurements and testing: 
1. Mixing Equipment: 

 

A high-efficiency mixer was employed to ensure 
the uniform blending of the raw materials— 
calcined clay, limestone, and gypsum—during 
the production of Limestone Calcined Clay 
Cement (LC3). Achieving a consistent mix is 
essential for reliable and reproducible results 
across all samples, as any variation in the 
composition could lead to discrepancies in the 
cement's performance, including strength and 
durability. The mixer was carefully calibrated to 
maintain optimal mixing speeds and durations 
to prevent segregation of the materials, which 
can occur if the mixing process is too slow or 
uneven. Proper calibration also helped avoid 
over-mixing, which can cause excess heat 
generation or breakage of delicate materials 
like calcined clay. To achieve a homogenous 
blend, mixing was carried out in several stages, 
ensuring that each ingredient was fully 
incorporated. Additionally, the mixer was 
equipped with adjustable settings to control 
the shear forces, which were tailored to the 
properties of the raw materials, ensuring 
maximum efficiency without compromising the 
quality of the blend. 

2. 70mm Cube Molds: 

 

Cubes were cast in 70mm molds for 
compressive strength testing. These molds are 
standardized to provide uniform sample sizes, 
which are necessary for accurate testing and 
comparison. The use of consistent mold 
dimensions allows for reliable strength 
measurements that can be compared across 
different formulations. 

3. Vicat Apparatus: 

 

The Vicat apparatus was employed to 
determine the consistency and setting times of 
the mixtures. This apparatus measures the 
penetration depth of a weighted needle into the 
paste, allowing for precise determination of the 
setting time. Understanding the consistency is 
essential for practical applications, as it directly 
affects workability and the timing of 
construction activities. 
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4. Compression Testing Machine: 

 

This machine was used to assess the 
compressive strength of the samples at 7, 14, 
and 28 days. The testing process involved 
subjecting the cured cubes to axial loads until 
failure, providing critical data on the strength 
development of the LC3 under various curing 
conditions. Results from this testing were 
essential for evaluating the performance of 
different coal ash content levels in the LC3 
mixture. Clay's reactivity depends on the 
temperature at which it is calcined. While 
under-calcination might not fully activate the 
clay's potential, over-calcination can result in 
decreased pozzolanic activity. 
Water-to-Cement Ratio: This ratio is important 
because too little water can influence 
workability and curing, while too much water 
can produce a low-density mix that reduces 
strength. 

5. Sieve Analysis Tools: 

 

Employed to assess the fineness of the 
materials, sieve analysis tools ensured proper 
grading of the ingredients. A series of sieves 
with varying mesh sizes were used to separate 
particles, allowing for the calculation of the 
fineness modulus. Proper grading of materials 
is vital for achieving optimal packing density 
and maximizing strength. 

 

 
RAW MATERIAL SELECTION BASED ON 

PROPERTIES 

 

The selection of raw materials for the LC3 
formulation was based on a detailed evaluation of 
their physical and chemical properties, ensuring 
that each ingredient contributed effectively to the 
overall performance of the cement: 

 

 
1. Physical and Chemical Composition: 

 

The selection criteria focused on the kaolinite 
content in the clay, as higher kaolinite content 
typically enhances pozzolanic activity. The 
reactivity of limestone was also considered, as it 
directly impacts the performance of the LC3. 
Additionally, the chemical composition of coal ash 
was analyzed to ensure it met the requirements for 
pozzolanic activity. higher kaolinite levels typically 
enhance the pozzolanic reactivity of the material. 
Kaolinite,  when  calcined,  transforms  into 

metakaolin, which reacts with calcium hydroxide 
(Ca(OH)₂) to form calcium silicate hydrate (C-S-H), 
a critical phase responsible for cement strength. In 
addition to kaolinite content, the mineralogical 
composition of the clay, including the presence of 
illite or other impurities, was assessed to ensure 
optimal reactivity during calcination 
2. Fineness and Particle Size: 

 

The fineness of limestone and calcined clay 
significantly influences the workability and packing 
density of the LC3. Sieve analysis was performed to 
ensure that the materials were appropriately 
graded. Fine particles improve the interaction 
between materials, leading to enhanced strength. 
The particle size distribution was optimized to 
maximize the efficiency of the blending process. 
This process ensured that the raw materials were 
appropriately graded, with the goal of achieving a 
balanced mix of fine and coarse particles. Fine 
particles contribute to the reduction of voids 
between larger aggregates, enhancing the overall 
packing density and stability of the mixture. By 
optimizing the particle size distribution, the 
efficiency of the blending process was maximized, 
allowing for more uniform incorporation of 
materials, which directly impacts the homogeneity 
and consistency of the final product. Additionally, 
the fine particles help improve workability, making 
the mixture easier to handle, mix, and place without 
segregation or air entrapment. 

 

 
Figure 2: Sieve shaker 

 
3. Environmental Impact: 

 

A priority was given to sourcing local, low-carbon 
materials to minimize the carbon footprint 
associated with cement production. This approach 
not only supports sustainable practices but also 

https://www.irjweb.com/current_issue.php


International Research Journal of Education and Technology 

Peer Reviewed Journal 

ISSN 2581-7795 

  

© 2024, IRJEdT                                              Volume: 06 Issue: 12 | Dec-2024                                              Page 1830 

 

reduces transportation emissions, contributing to 
the overall sustainability of the project. 

3.3.3 PROCEDURE AND PREPARATION 

 

The preparation process involved a systematic 
approach to ensure accuracy and reliability in the 
results, comprising several key steps: 

1. Measurement and Proportioning: 

 

The raw materials were carefully measured and 
proportioned according to predetermined 
replacement ratios. For instance, a typical mix may 
consist of 55% OPC, 31% calcined clay, 10% 
limestone, and 4% gypsum. These ratios were 
designed to explore the optimal balance between 
performance and sustainability while ensuring that 
the mixtures remained workable. 

 

 
Figure 3: Weighing 

 

2. Blending: 

 

Materials were blended in a controlled 
environment to ensure consistency across batches. 
The blending process was monitored closely to 
prevent segregation and ensure a uniform mixture, 
which is critical for achieving reliable results. The 
mixing duration was standardized to allow for 
adequate integration of the components without 
compromising the material properties. 

 

3. Casting Samples: 

 

The blended materials were cast into molds and 
subjected to standard curing conditions. This 
process was repeated for various mix ratios to 
evaluate consistency, setting time, and compressive 
strength across different formulations. Casting was 
performed with care to avoid air entrapment, which 
could negatively affect the strength of the 
specimens. to facilitate the development of strength 
and appropriate hydration. Because trapped air can 
drastically reduce the effective contact between the 
reactive phases, resulting in weaker specimens and 
unreliable test results, special care was taken to 

prevent air entrapment during the casting process 
by using techniques like vibrating the molds or 
manually tamping the mixture to eliminate voids. 
The performance of the specimens in the 
compressive strength tests was precisely indicative 
of the material's actual capability under typical 
operating conditions thanks to this careful 
methodology. 
3.4 BASIC MATERIAL TESTING WITH 

CALCULATIONS 

 

A series of testing methods were employed to 
validate the performance of the LC3 mixtures, 
ensuring that all aspects of the material properties 
were thoroughly examined: 
• Consistency Test: 

 

Conducted using the Vicat apparatus, this test 
determined the water demand for each LC3 blend. 
Understanding the water demand is crucial for 
optimizing mix design and ensuring workability. 
Results from this test guided adjustments in the 
water-to-cement ratio for different mixtures. 

 

 
Figure 5: Vicat apparatus 

• Compressive Strength Test: 

 

Compressive strength tests were performed at 7, 
14, and 28 days to observe strength variations. This 
testing provided insights into the impact of coal ash 
content on the overall performance of LC3. The 
results were analyzed statistically to determine 
significant differences between mixes and identify 
the optimal coal ash content for strength 
development. 
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Figure 6: Compression testing machine 

 
• Sieve Analysis: 

 

Sieve analysis was used to calculate the fineness 
modulus of the materials, ensuring optimal grading 
and distribution of particles. Proper grading is 
essential for maximizing strength and durability. 
The results of the sieve analysis were used to adjust 
the material proportions as needed to achieve the 
desired particle size distribution. 

3.5 MATERIAL PROPERTIES 

 

The physical and chemical properties of 
each raw material were documented, 
focusing on parameters that influence the 
performance of LC3: 
chemical properties of Limestone Calcined 
Clay Cement (LC3) play a significant role in 
determining its performance, 
sustainability, and environmental impact. 
• Fineness: 

 

The fineness of the materials affects the 
hydration process and the overall strength 
of the LC3. Finer particles lead to better 
packing density and improved bonding. 
The fineness was quantified using a 
specific surface area measurement, with 
higher surface areas correlating to 
enhanced reactivity. 
• Specific Gravity: 

 

Specific gravity measurements were taken 
to evaluate the density of the materials, 
which plays a role in determining the mix 
proportions. The specific gravity of each 
component was calculated to ensure 
accurate mixing ratios that would yield a 
consistent density in the final product. 

• Pozzolanic Reactivity: 

 

The pozzolanic reactivity of calcined clay and coal 
ash was assessed through established testing 
methods such as the Activity Index test. This 
evaluation provided insight into their contributions 
to strength development in LC3, ensuring that the 
materials used would effectively participate in the 
hydration reaction. 

 
3.6 CURING PROCEDURE 

 

Curing is a critical factor influencing the 
performance and durability of LC3. The following 
procedures were implemented to ensure optimal 
curing conditions: 
• Curing Conditions: 

 

Standard curing practices were maintained, 
with temperature controlled at 20-25 °C and 
relative humidity kept between 60-70%. These 
conditions were essential to promote effective 
hydration. Maintaining appropriate curing 
conditions is crucial to prevent cracking and 

Sample 

ID 

Coal 

Ash 

Content 

(%) 

Cube 

Count 

Curing 

Duration 

(Days) 

Temperature 

(°C) 

Humidity 

(%) 

Comments 

Control 

LC3 

0 3 7, 14, 28 20-25 60-70 Reference 

mix; no coal 

ash. 

LC3 

with 

6% 

Coal 

Ash 

6 3 7, 14, 28 20-25 60-70 Evaluating 

the effect of 

low coal ash 

LC3 

with 

8% 

Coal 

Ash 

8 3 7, 14, 28 20-25 60-70 Assessing 

performance 

with 

moderate 

coal ash. 

LC3 

with 

10% 

Coal 

Ash 

10 3 7, 14, 28 20-25 60-70 Testing the 

upper limit 

of coal ash 
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ensure that the cement achieves its full- 
strength potential. 

• Curing Duration: 

 

Specimens were cured for various durations: 7, 
14, and 28 days. The selected curing periods 
allowed for a comprehensive evaluation of 
strength development across different 
mixtures. These intervals were chosen to align 
with standard testing periods in cement 
research, providing comparability with existing 
data. 

• Impact of Curing: 

 

The curing process was closely monitored to 
observe its effects on hydration and long-term 
durability. Regular measurements were taken 
to assess the strength development and overall 
performance of the LC3 mixtures. Curing 
methods included both water curing and curing 
under plastic sheets to assess the influence of 
moisture retention on strength gain. 

 

 

Figure 7: Curing 
 

 
Curing Conditions Table for LC3 Cube Specimens 

Table 1: Curing condition 

 
Summary of Methodology 

 

The methodological steps outlined here enable a 
comprehensive evaluation of LC3’s structural, 
environmental, and economic properties. Through 
systematic testing and rigorous data collection, this 
study aims to validate LC3’s potential as a low- 
carbon alternative to OPC. The combination of raw 
material selection, mix ratio optimization, and 
compressive strength testing serves to 
demonstrate  LC3’s  practical  applicability  and 

contribution to sustainable construction practices. 
Environmental assessments consider the carbon 
footprint of LC3 production compared to 
traditional OPC, contributing to its potential as a 
low-carbon alternative. Additionally, the economic 
feasibility of LC3 is analyzed by evaluating 
production costs, which may influence its adoption 
in various regions. The combination of these factors 
positions LC3 as a promising solution to meet the 
growing demand for sustainable construction 
materials. Ultimately, this comprehensive testing 
approach aims to validate LC3’s properties and its 
real-world applicability in reducing environmental 
impacts while maintaining high performance. 

 

3. Proposed methodology 
 

The construction industry's reliance on Ordinary 
Portland Cement (OPC) has made it a major 
contributor to global CO₂ emissions. With growing 
concerns over climate change, the development of 
sustainable building materials has become a 
primary focus. LC3, or Limestone Calcined Clay 
Cement, is a cutting-edge solution aiming to reduce 
the carbon footprint associated with conventional 
cement production while meeting the structural 
and durability requirements of modern 
infrastructure. This chapter presents a systematic 
approach to achieving the objectives of this 
research through clearly defined goals and a 
comprehensive methodology that enables the 
evaluation and optimization of LC3 for practical 
use. 
LC3 utilizes calcined clay and limestone as partial 
replacements for clinker in cement, which directly 
reduces the carbon emissions associated with the 
calcination of limestone—a primary source of CO₂ 
emissions in traditional cement manufacturing. By 
introducing LC3 as an alternative to OPC, this 
project seeks to address both environmental and 
economic concerns, aiming to present a sustainable 
cement solution without compromising on 
performance. The following objectives are 
developed based on a review of existing literature 
and an understanding of the challenges in 
cementitious materials. 

 

 
3.1 OBJECTIVES OF THE PROPOSED WORK 

 

The objectives of this study focus on validating 
LC3’s practical and environmental advantages 
while ensuring its economic viability. These 
objectives are aligned to provide measurable 
outcomes that address current gaps in low-carbon 
cement production. 
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Objective 1: To Assess and Optimize the Mechanical 

Properties of LC3 

 

In any construction material, mechanical 
properties such as compressive strength, setting 
time, and durability are essential for ensuring 
structural integrity. This objective involves 
analyzing the compressive strength of LC3 
formulations with varied mix ratios of OPC, 
calcined clay, and limestone, with a particular focus 
on determining the optimal combination for 
maximum load-bearing capability. Through 
comparative analysis, we seek to establish that LC3 
can meet or exceed the structural performance 
benchmarks set by OPC. 
Detailed Approach: 

 

4. Conduct consistency and setting time tests 

using the Vicat apparatus to determine the 

water demand and curing time for LC3. 

5. Prepare and test multiple cube specimens 

for each LC3 formulation under standard 

curing conditions to track compressive 

strength development at intervals (7, 28, 

and 56 days). 

6. Validate these findings by comparing them 

with standard OPC mixtures to assess LC3’s 

viability as a high-strength building 

material. 

 

 
Objective 2: To Measure CO₂ Reduction Achieved through 

LC3 Production 

 

This objective focuses on quantifying the 
environmental impact of LC3 by calculating the 
reduction in CO₂ emissions compared to OPC. CO₂ 
emissions are measured primarily through the 
reduced clinker factor and the lower energy 
consumption required to produce LC3 components, 
particularly calcined clay. 
Environmental Analysis Approach: 

 

4. Conduct a lifecycle analysis (LCA) to 

estimate CO₂ emissions saved in the 

production of LC3 compared to OPC, 

considering the lower calcination 

temperature for clay and reduced clinker 

requirement. 

5. Collect data on emissions associated with 

raw material sourcing, calcination, and 

transportation, contributing to a detailed 

emission profile for LC3. 

6. Develop a projection model to illustrate 

potential CO₂ savings on a larger scale, 

thereby highlighting LC3’s sustainability 

impact. 

 

 
Objective 3: To Evaluate Economic Viability of LC3 for 

Construction Applications 

 

While environmental sustainability is crucial, 
economic feasibility is also a key factor for LC3’s 
adoption in the construction industry. This 
objective assesses LC3’s production costs relative 
to OPC, analyzing raw material costs, processing 
expenses, and overall affordability. 
Cost Analysis Approach: 

 

4. Compare costs associated with raw 

materials such as limestone, calcined clay, 

and gypsum against those of OPC. 

5. Examine production cost reductions 

achieved through lower energy 

requirements in calcination, transport 

efficiency, and simplified processing. 

6. Prepare a cost-benefit analysis that 

highlights LC3’s financial advantage, 

particularly in regions where clay and 

limestone are locally available. 
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3.2 SYNTHETIC PROCEDURE AND FLOW DIAGRAM 

OF THE PROPOSED WORK 

 

The methodology for this study involves a carefully 
planned experimental process, including the 
selection of materials, mix ratio preparation, 
casting, curing, and testing. Each stage is designed 
to ensure the validity of results and the relevance of 
findings to real-world applications. 

 
A detailed flowchart of the preparation process is 
provided below to visually represent the sequence 
of steps taken in the methodology. 

 
 
 

 

 
 
 
 
 
 
 
 
 

 

 
 

Figure 1: Flow diagram of work 

 
DETAILED EXPLANATION OF EACH STEP 

 

1. Raw Material Selection: 

• OPC: Acts as the main binder, 
providing foundational strength to 
the LC3 mix. 

• Calcined Clay: Enhances pozzolanic 
activity, contributing to the 
chemical stability and durability of 
LC3. 

• Limestone: Functions as a filler and 
reacts with pozzolans in calcined 
clay, reducing overall clinker 
content. 

• Gypsum: Controls setting time, 
ensuring workability during the 
application phase. 

2. Material Preparation and Mix Design: 

• Mix Ratios: Develop several LC3 
formulations with varying OPC, 
calcined clay, and limestone 
percentages. 

• Mixing Process: Conducted in a 
controlled environment to avoid 
contamination and ensure precise 
ingredient ratios. 

3. Casting and Curing: 

Molds are filled with LC3 mixes and 
compacted to eliminate air 
bubbles, then placed in curing 
conditions for a predefined 
period. 

4. Testing Procedures: 

• Consistency and Setting Time 
Tests: Performed using a Vicat 
apparatus to establish optimal 
water content and curing 
requirements. 

• Compressive Strength Tests: 
Conducted at intervals to measure 
strength development, essential 
for structural assessments. 

• Fineness Testing: Sieve analysis 
conducted to ensure particles are 
within the appropriate size range, 
impacting reactivity and 
consistency. 

 

 
3.3 SELECTION OF COMPONENTS, TOOLS, 

TECHNIQUES, AND PROCEDURES 

 

To guarantee the best quality and performance, 
the very complex process of producing 
limestone calcined clay cement (LC3) 
necessitates the careful selection of parts, 
equipment, methods, and processes. To lessen 
the environmental impact while preserving 
good material performance, calcined clay and 
limestone are being used to create an 
environmentally friendly substitute for 
conventional Portland cement. The essential 
components involved at every stage of the LC3 
manufacturing process are described in detail 
in this section. 

 
RAW MATERIALS SELECTION 

 
MEASURE AND PROPORTION INGREDIENTS 

 

 
BLEND MATERIALS IN MIXER 

https://www.irjweb.com/current_issue.php


International Research Journal of Education and Technology 

Peer Reviewed Journal 

ISSN 2581-7795 

   

© 2024, IRJEdT                                              Volume: 06 Issue: 12 | Dec-2024                                              Page 1835 

 

3.3.1 RAW MATERIALS 

 

Clay, limestone, gypsum, and occasionally an 
extra activator like potassium or sodium 
hydroxide make up the majority of LC3. The 
final qualities of the cement are greatly 
influenced by the mixture and quality of these 
basic components. 

6. Ordinary Portland Cement (OPC): 

 

OPC acts as the primary binder in the LC3 
formulation. By partially replacing OPC with 
calcined clay and limestone, the environmental 
impact associated with clinker production is 
significantly reduced. OPC is recognized for its high 
compressive strength, but its production is linked 
to considerable carbon emissions. The goal of this 
research is to explore the viability of reducing the 
amount of OPC used in cement formulations while 
maintaining or enhancing performance 
characteristics. 
7. Calcined Clay: 

 

Calcined clay is a pozzolanic material that offers 
enhanced cementitious properties. It is produced 
by heating clay to a specific temperature, resulting 
in a material that can react with calcium hydroxide 
during hydration to form additional calcium silicate 
hydrate (C-S-H). This process is crucial as it allows 
for the reduction of clinker content, thereby 
enhancing sustainability. The use of calcined clay 
not only contributes to strength development but 
also helps in reducing the carbon footprint of the 
cement. By altering the Blaine fineness and 
increasing the product's outer area for hydration, 
the fine particles of calcined clay add to the 
cement's overall fineness. 
8. Limestone: 

 

The main component of limestone, a sedimentary 
rock, is calcium carbonate (CaCO3), which is 
essential for the synthesis of many different 
materials, including cement. Because of its 
availability, affordability, and abundance, it is a 
perfect ingredient for manufacturing Limestone 
Calcined Clay Cement (LC3). Quicklime (CaO), 
which is created when limestone is burned to high 
temperatures in a kiln and releases carbon dioxide, 
combines with clay particles to increase the 
reactivity of cement. Achieving the intended 
performance in the finished cement product 
requires consistent blending and fine grinding of 
limestone. 
Limestone serves multiple roles in the LC3 mixture. 
It enhances the packing density of the mixture, 
improving the overall workability and durability of 

the cement. Furthermore, limestone contributes to 
the reactivity of the binder, facilitating the 
hydration process. Its ability to replace clinker in 
certain proportions makes it an essential 
component of LC3, enabling a substantial reduction 
in the carbon emissions typically associated with 
cement production. 
9. Gypsum: 

 

Gypsum is incorporated into the LC3 formulation to 
control the setting time of the cement. This mineral 
helps regulate the hydration reaction, preventing 
premature setting and ensuring that the mixture 
remains workable for an extended period. The 
proper dosage of gypsum is crucial for achieving 
optimal performance; it aids in the development of 
early strength while also ensuring that the final 
product meets standard requirements. 
gypsum also helps optimize the workability of LC3 
during the mixing phase, allowing easier handling, 
transportation, and application of the cement. 
Without adequate gypsum, LC3 could exhibit poor 
flow characteristics and unmanageable setting 
times. the reaction between calcium oxide (CaO) 
from limestone and silica (SiO₂) from calcined clay 
forms calcium silicate hydrate (C-S-H), the main 
binding phase responsible for strength 
development in cement. Gypsum slows down the 
rate at which the calcium hydroxide (Ca(OH)₂) is 
released, thus promoting a more controlled and 
stable hydration process. 
10. Coal Ash: 

 

Coal ash is introduced as a supplementary 
cementitious material at varying proportions (6%, 
8%, and 10%) to investigate its effects on the 
mechanical properties and overall performance of 
LC3. As a byproduct of coal combustion, coal ash 
possesses pozzolanic properties, which can 
enhance the strength and workability of the 
cement. The incorporation of coal ash not only 
reduces the reliance on traditional OPC but also 
promotes recycling of industrial waste, 
contributing to environmental sustainability. It 
reacts with calcium hydroxide to form calcium 
silicate hydrate (C-S-H), which strengthens the 
cement matrix over time. The addition of fly ash 
reduces the heat of hydration, lowers permeability, 
and enhances resistance to chemical attacks. 
Although it slightly delays early strength 
development, it improves durability and reduces 
shrinkage and cracking 
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Selection of Tools and Equipment 

 

• Vicat Apparatus: Used for 

consistency and setting time tests, 

providing critical data on water 

demand and setting characteristics. 

• Compression Testing Machine: Key 

equipment for evaluating 

compressive strength, measuring 

load-bearing capacity accurately at 

intervals. 

• Sieve Analysis Tools: Essential for 

determining fineness modulus of 

raw materials, impacting cement 

reactivity. 

 

 
3.3.2 EQUIPMENT 

 

A range of specialized equipment was utilized 
throughout the experimental process to ensure 
precise measurements and testing: 
6. Mixing Equipment: 

 

A high-efficiency mixer was employed to ensure 
the uniform blending of the raw materials— 
calcined clay, limestone, and gypsum—during 
the production of Limestone Calcined Clay 
Cement (LC3). Achieving a consistent mix is 
essential for reliable and reproducible results 
across all samples, as any variation in the 
composition could lead to discrepancies in the 
cement's performance, including strength and 
durability. The mixer was carefully calibrated to 
maintain optimal mixing speeds and durations 
to prevent segregation of the materials, which 
can occur if the mixing process is too slow or 
uneven. Proper calibration also helped avoid 
over-mixing, which can cause excess heat 
generation or breakage of delicate materials 
like calcined clay. To achieve a homogenous 
blend, mixing was carried out in several stages, 
ensuring that each ingredient was fully 
incorporated. Additionally, the mixer was 
equipped with adjustable settings to control 
the shear forces, which were tailored to the 
properties of the raw materials, ensuring 

maximum efficiency without compromising the 
quality of the blend. 

7. 70mm Cube Molds: 

 

Cubes were cast in 70mm molds for 
compressive strength testing. These molds are 
standardized to provide uniform sample sizes, 
which are necessary for accurate testing and 
comparison. The use of consistent mold 
dimensions allows for reliable strength 
measurements that can be compared across 
different formulations. 

8. Vicat Apparatus: 

 

The Vicat apparatus was employed to 
determine the consistency and setting times of 
the mixtures. This apparatus measures the 
penetration depth of a weighted needle into the 
paste, allowing for precise determination of the 
setting time. Understanding the consistency is 
essential for practical applications, as it directly 
affects workability and the timing of 
construction activities. 

9. Compression Testing Machine: 

 

This machine was used to assess the 
compressive strength of the samples at 7, 14, 
and 28 days. The testing process involved 
subjecting the cured cubes to axial loads until 
failure, providing critical data on the strength 
development of the LC3 under various curing 
conditions. Results from this testing were 
essential for evaluating the performance of 
different coal ash content levels in the LC3 
mixture. Clay's reactivity depends on the 
temperature at which it is calcined. While 
under-calcination might not fully activate the 
clay's potential, over-calcination can result in 
decreased pozzolanic activity. 
Water-to-Cement Ratio: This ratio is important 
because too little water can influence 
workability and curing, while too much water 
can produce a low-density mix that reduces 
strength. 

10. Sieve Analysis Tools: 

 

Employed to assess the fineness of the 
materials, sieve analysis tools ensured proper 
grading of the ingredients. A series of sieves 
with varying mesh sizes were used to separate 
particles, allowing for the calculation of the 
fineness modulus. Proper grading of materials 
is vital for achieving optimal packing density 
and maximizing strength. 
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RAW MATERIAL SELECTION BASED ON 

PROPERTIES 

 

The selection of raw materials for the LC3 
formulation was based on a detailed evaluation of 
their physical and chemical properties, ensuring 
that each ingredient contributed effectively to the 
overall performance of the cement: 

 

 
4. Physical and Chemical Composition: 

 

The selection criteria focused on the kaolinite 
content in the clay, as higher kaolinite content 
typically enhances pozzolanic activity. The 
reactivity of limestone was also considered, as it 
directly impacts the performance of the LC3. 
Additionally, the chemical composition of coal ash 
was analyzed to ensure it met the requirements for 
pozzolanic activity. higher kaolinite levels typically 
enhance the pozzolanic reactivity of the material. 
Kaolinite, when calcined, transforms into 
metakaolin, which reacts with calcium hydroxide 
(Ca(OH)₂) to form calcium silicate hydrate (C-S-H), 
a critical phase responsible for cement strength. In 
addition to kaolinite content, the mineralogical 
composition of the clay, including the presence of 
illite or other impurities, was assessed to ensure 
optimal reactivity during calcination 
5. Fineness and Particle Size: 

 

The fineness of limestone and calcined clay 
significantly influences the workability and packing 
density of the LC3. Sieve analysis was performed to 
ensure that the materials were appropriately 
graded. Fine particles improve the interaction 
between materials, leading to enhanced strength. 
The particle size distribution was optimized to 
maximize the efficiency of the blending process. 
This process ensured that the raw materials were 
appropriately graded, with the goal of achieving a 
balanced mix of fine and coarse particles. Fine 
particles contribute to the reduction of voids 
between larger aggregates, enhancing the overall 
packing density and stability of the mixture. By 
optimizing the particle size distribution, the 
efficiency of the blending process was maximized, 
allowing for more uniform incorporation of 
materials, which directly impacts the homogeneity 
and consistency of the final product. Additionally, 
the fine particles help improve workability, making 
the mixture easier to handle, mix, and place without 
segregation or air entrapment. 

 

 
 

 
Figure 2: Sieve shaker 

 
6. Environmental Impact: 

 

A priority was given to sourcing local, low-carbon 

materials to minimize the carbon footprint 

associated with cement production. This approach 

not only supports sustainable practices but also 

reduces transportation emissions, contributing to 

the overall sustainability of the project. 

 
 
 

3.3.3 PROCEDURE AND PREPARATION 

 

The preparation process involved a systematic 
approach to ensure accuracy and reliability in the 
results, comprising several key steps: 

4. Measurement and Proportioning: 

 

The raw materials were carefully measured and 
proportioned according to predetermined 
replacement ratios. For instance, a typical mix may 
consist of 55% OPC, 31% calcined clay, 10% 
limestone, and 4% gypsum. These ratios were 
designed to explore the optimal balance between 
performance and sustainability while ensuring that 
the mixtures remained workable. 

5. Blending: 

 

Materials were blended in a controlled 

environment to ensure consistency across batches. 

The blending process was monitored closely to 

prevent segregation and ensure a uniform mixture, 

which is critical for achieving reliable results. The 

mixing duration was standardized to allow for 
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adequate integration of the components without 

compromising the material properties. 

6. Casting Samples: 

 

The blended materials were cast into molds and 
subjected to standard curing conditions. This 
process was repeated for various mix ratios to 
evaluate consistency, setting time, and compressive 
strength across different formulations. Casting was 
performed with care to avoid air entrapment, which 
could negatively affect the strength of the 
specimens. to facilitate the development of strength 
and appropriate hydration. Because trapped air can 
drastically reduce the effective contact between the 
reactive phases, resulting in weaker specimens and 
unreliable test results, special care was taken to 
prevent air entrapment during the casting process 
by using techniques like vibrating the molds or 
manually tamping the mixture to eliminate voids. 
The performance of the specimens in the 
compressive strength tests was precisely indicative 
of the material's actual capability under typical 
operating conditions thanks to this careful 
methodology. 

 

 
3.4 BASIC MATERIAL TESTING WITH 

CALCULATIONS 

 

A series of testing methods were employed to 
validate the performance of the LC3 mixtures, 
ensuring that all aspects of the material properties 
were thoroughly examined: 
• Consistency Test: 

 

Conducted using the Vicat apparatus, this test 
determined the water demand for each LC3 blend. 
Understanding the water demand is crucial for 
optimizing mix design and ensuring workability. 
Results from this test guided adjustments in the 
water-to-cement ratio for different mixtures. 
• Compressive Strength Test: 

 

Compressive strength tests were performed at 7, 
14, and 28 days to observe strength variations. This 
testing provided insights into the impact of coal ash 
content on the overall performance of LC3. The 
results were analyzed statistically to determine 
significant differences between mixes and identify 
the optimal coal ash content for strength 
development. 

 

 
 

Figure 6: Compression testing machine 

 
• Sieve Analysis: 

 

Sieve analysis was used to calculate the fineness 
modulus of the materials, ensuring optimal grading 
and distribution of particles. Proper grading is 
essential for maximizing strength and durability. 
The results of the sieve analysis were used to adjust 
the material proportions as needed to achieve the 
desired particle size distribution. 

 

 
3.5 MATERIAL PROPERTIES 

 

The physical and chemical properties of each raw 
material were documented, focusing on parameters 
that influence the performance of LC3: 
chemical properties of Limestone Calcined Clay 
Cement (LC3) play a significant role in determining 
its performance, sustainability, and environmental 
impact. 
• Fineness: 

 

The fineness of the materials affects the hydration 
process and the overall strength of the LC3. Finer 
particles lead to better packing density and 
improved bonding. The fineness was quantified 
using a specific surface area measurement, with 
higher surface areas correlating to enhanced 
reactivity. 
• Specific Gravity: 

 

Specific gravity measurements were taken to 
evaluate the density of the materials, which plays a 
role in determining the mix proportions. The 
specific gravity of each component was calculated 
to ensure accurate mixing ratios that would yield a 
consistent density in the final product. 
• Pozzolanic Reactivity: 
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The pozzolanic reactivity of calcined clay and 
coal ash was assessed through established testing 
methods such as the Activity Index test. This 
evaluation provided insight into their 
contributions to strength development in LC3, 
ensuring that the materials used would 
effectively participate in the hydration reaction. 

 

 

3.6 CURING PROCEDURE 

 

Curing is a critical factor influencing the 
performance and durability of LC3. The following 
procedures were implemented to ensure optimal 
curing conditions: 
• Curing Conditions: 

 

Standard curing practices were maintained, 
with temperature controlled at 20-25 °C and 
relative humidity kept between 60-70%. 
These conditions were essential to promote 
effective hydration. Maintaining appropriate 
curing conditions is crucial to prevent 
cracking and ensure that the cement achieves 
its full-strength potential. 

• Curing Duration: 

 

Specimens were cured for various durations: 
7, 14, and 28 days. The selected curing periods 
allowed for a comprehensive evaluation of 
strength development across different 
mixtures. These intervals were chosen to align 
with standard testing periods in cement 
research, providing comparability with existing 
data. 

• Impact of Curing: 

 

The curing process was closely monitored to 
observe its effects on hydration and long-term 
durability. Regular measurements were taken 
to assess the strength development and overall 
performance of the LC3 mixtures. Curing 
methods included both water curing and curing 
under plastic sheets to assess the influence of 
moisture retention on strength gain. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Curing Conditions Table for LC3 Cube Specimens 

Table 1: Curing condition 

 
Summary of Methodology 

 

The methodological steps outlined here enable a 
comprehensive evaluation of LC3’s structural, 
environmental, and economic properties. Through 
systematic testing and rigorous data collection, this 
study aims to validate LC3’s potential as a low- 
carbon alternative to OPC. The combination of raw 
material selection, mix ratio optimization, and 
compressive strength testing serves to 
demonstrate LC3’s practical applicability and 
contribution to sustainable construction practices. 
Environmental assessments consider the carbon 
footprint of LC3 production compared to 
traditional OPC, contributing to its potential as a 
low-carbon alternative. Additionally, the economic 
feasibility of LC3 is analyzed by evaluating 
production costs, which may influence its adoption 
in various regions. The combination of these factors 
positions LC3 as a promising solution to meet the 
growing demand for sustainable construction 
materials. Ultimately, this comprehensive testing 
approach aims to validate LC3’s properties and its 

Sample 

ID 

Coal 

Ash 

Content 

(%) 

Cube 

Count 

Curing 

Duration 

(Days) 

Temperature 

(°C) 

Humidity 

(%) 

Comments 

Control 

LC3 

0 3 7, 14, 28 20-25 60-70 Reference 

mix; no coal 

ash. 

LC3 

with 

6% 

Coal 

Ash 

6 3 7, 14, 28 20-25 60-70 Evaluating 

the effect of 

low coal ash 

LC3 

with 

8% 

Coal 

Ash 

8 3 7, 14, 28 20-25 60-70 Assessing 

performance 

with 

moderate 

coal ash. 

LC3 

with 

10% 

Coal 

Ash 

10 3 7, 14, 28 20-25 60-70 Testing the 

upper limit 

of coal ash 

 

https://www.irjweb.com/current_issue.php


International Research Journal of Education and Technology 

Peer Reviewed Journal 

ISSN 2581-7795 

   

© 2024, IRJEdT                                              Volume: 06 Issue: 12 | Dec-2024                                              Page 1840 

 

real-world applicability in reducing environmental 
impacts while maintaining high performance. 

 

4. RESULTS AND DISCUSSION 
 

This chapter presents the results from various 
stages of the project on Limestone Calcined Clay 
Cement (LC3) development and analysis. Each 
section systematically reviews and discusses the 
outcomes of the experimental tests, including 
consistency, setting times, compressive strength, 
and sustainability metrics, compared to 
conventional Ordinary Portland Cement (OPC). The 
findings are interpreted with respect to existing 
literature to highlight similarities, differences, and 
improvements brought forth by LC3. Finally, a cost- 
benefit analysis underscores the economic and 
environmental impact of adopting LC3 on a larger 
scale. 

 

 
5. 4 RESULTS 

 

The results section includes a series of tests 
performed to determine the physical and 
mechanical properties of LC3 compared to OPC, 
alongside data visualizations for clarity. 
5.4.1 Consistency and Setting Time 

 

The results of the consistency and setting time 
tests, performed using a Vicat apparatus, are 
summarized below in Table 5.1. The initial and final 
setting times are compared between LC3 and OPC. 

 
Discussion: 

 

The consistency of LC3 was found to be slightly 
higher than OPC, indicating a marginally higher 
water requirement. This increase could be 
attributed to the addition of calcined clay, which 
absorbs more water due to its finer particles. 
The setting times of LC3 are longer than OPC, 
aligning with findings from Davis et al. (2015), 
which highlight similar increases in setting times 
with the addition of clay components. The extended 
setting time can be beneficial in high-temperature 
regions where rapid drying can be a challenge. 

 
5.1.2 Compressive Strength Testing 

 

Cement 

Type 

7 Days 

(MPa) 

14 Days 

(MPa) 

28 Days 

(MPa) 

OPC 6 8 10 

LC3 (6% 

Clay) 

7.5 9.8 12 

LC3 (8% 

Clay) 

8 10 14 

LC3 (10% 

Clay) 

7 11 13 

Compressive strength tests were conducted at 7, 28, 

and 56 days, comparing the results of OPC and LC3 

formulations with varying percentages of clay. 

Figure 5.1 shows the strength variations between 

OPC and LC3 samples over time. 

Table 3: Compressive Strength results 
 
 
 
 
 
 
 

 
 
 
 
 
 

 
Table 2: Consistency and setting time 

bited 
OPC, 

slight 
non- 
ength 

 
Bedford and Caulfield (2012) indicated similar 
results in comparative studies, showing that clay- 
based blends maintain strength with reduced 
clinker content, achieving a sustainable balance 
between performance and environmental impact. 
5.1.3 Environmental and CO₂ Reduction Analysis 

  
 

Figure 8: Com 
 

pressive Strength graph 

  
 

Discussion: 

 

   

At  all  time  inte 
 

rvals,  LC3  samples  exhi 

  compressive stre 
with marginal di 
decrease in early 

ngths within the range of 
fferences observed. The 

strength can be managed in 
  critical applicatio 

appears equivalen 
ns, while LC3’s late str 
t or superior to OPC. 

 

https://www.irjweb.com/current_issue.php


International Research Journal of Education and Technology 

Peer Reviewed Journal 

ISSN 2581-7795 

   

© 2024, IRJEdT                                              Volume: 06 Issue: 12 | Dec-2024                                              Page 1841 

 

The CO₂ emissions for LC3 production were 
compared to traditional OPC production, focusing 
on the reduction in clinker usage. The results are 
depicted in Table 5.2 below. 

2. Resource Efficiency: The use of locally 

available materials like clay and limestone 

makes LC3 an economically viable and 

 
ity: With proper mix 

ovides compressive 

ble to OPC, making it 

various   construction 

 
 
 

 
 
 
 
 
 

 
Discussion: 

 

 

 

 

Table 4: Clinker content 

3 achieves a balance 

and environmental 

an ideal solution for 

regions with high cement demand and 

limited clinker resources. 

Using LC3 can reduce CO₂ emissions by 33-38%, 
mainly due to the lower clinker factor. This 
reduction is in line with findings from Zhuge et al. 
(2023), who reported that similar LC3 blends 
achieved around 30-40% CO₂ reduction due to 
reduced calcination requirements and lower fuel 
consumption. 
This outcome highlights LC3's potential to 
contribute significantly to sustainable construction 
practices, aligning with global targets for CO₂ 
reduction in the cement industry. 

 

 
5.2 SIGNIFICANCE, STRENGTHS, AND LIMITATIONS 

OF THE PROPOSED 

WORK 

 

Significance 

 

The development of LC3 presents significant 

advantages over OPC: 

 

1. Environmental Impact: By replacing part of 

the clinker with calcined clay and 

limestone, LC3 reduces CO₂ emissions 

substantially. 

• Flexibility in Composition: The mix design 

allows for adjustments in clay and 

limestone content, which can be tailored 

based on local material availability and 

specific strength requirements. 

• Cost-effectiveness: The production costs 

for LC3 are lower than OPC, mainly due to 

the reduced need for energy-intensive 

clinker production. 

Limitations 

 

• Water Demand: The higher water 

requirement for LC3 may be a limitation in 

areas with water scarcity, requiring mix 

design optimization. 

• Setting Time: LC3’s longer setting times 

may pose challenges in time-sensitive 

construction projects. Proper curing 

techniques need to be implemented to 

mitigate these effects. 

Cement Type Clinker Content ( 
sustainable option. 

%) 
3. Structural Reliabil 

OPC 55 
design, LC3 pr 

strengths compara 

LC3 (6% Clay) 49 
suitable for 

applications. 

LC3 (8% Clay) 47 Strengths 

 
• Sustainability: LC 

LC3 (10% Clay) 45 
between strength 
impact, making it 
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• Material Availability: The feasibility of LC3 

production depends on the availability of 

quality clay and limestone, which may vary 

across regions. 

5.3 COST-BENEFIT ANALYSIS 

 

A cost-benefit analysis was performed to compare 
the economic advantages of using LC3 over OPC, 
considering material, production, and 
environmental costs. 

 
Discussion: 

 

• The production cost of LC3 is lower than 
OPC due to decreased clinker requirements 
and reduced fuel consumption. These 
savings are further complemented by the 
reduction in CO₂ emissions. 

• Regions with high fuel and clinker costs 
may benefit the most from the cost savings 
offered by LC3, making it a financially 
attractive option in both high-income and 
developing countries. 

• Davis et al. (2015) noted similar cost 
reductions in their studies on alternative 
cements, indicating that LC3 is 
economically viable and scalable, 
particularly for large-scale infrastructure 
projects. 

Summary 

 

The results of this study demonstrate that LC3 can 
achieve compressive strengths comparable to OPC 
while significantly reducing CO₂ emissions and 
production costs. This balance between 
sustainability and performance positions LC3 as a 
promising solution for the construction industry. 
By optimizing material ratios and understanding 
the impact of each component on overall cement 
properties, this research underscores the potential 
for sustainable alternatives in cement production. 
LC3 provides a pathway towards environmentally 
conscious building materials, offering a scalable 
solution to reduce the environmental impact of 
construction without compromising on structural 
integrity. The strengths of LC3 outweigh its 
limitations, indicating a promising future for its 
adoption in the cement industry. 

 
5. CONCLUSIONS & SUGGESTIONS FOR This 
chapter consolidates the primary outcomes and 
insights derived from the research on Limestone 

Calcined Clay Cement (LC3) as a sustainable 
alternative to Ordinary Portland Cement (OPC). The 
results have been analyzed across multiple 
parameters, including compressive strength, 
setting times, consistency, and environmental 
impact. Overall, the project demonstrates LC3’s 
potential to offer both structural and ecological 
advantages over conventional cement. Following 
this, suggestions for future work are outlined to 
provide directions for further enhancement and 
fine-tuning. 
6.1 CONCLUSION 

 

The study successfully developed and evaluated 
LC3, offering a viable alternative to OPC with the 
potential for significant reductions in CO₂ 
emissions. Key findings from the research include: 

1. Environmental Impact: 

• LC3 reduces CO₂ emissions by 
approximately 30-40% compared to OPC, 
thanks to the partial substitution of clinker 
with limestone and calcined clay. 

• This reduction aligns with global efforts to 
mitigate climate change by decreasing the 
carbon footprint of construction materials, 
making LC3 a valuable option for 
sustainable development. 

2. Cost-Effectiveness: 

• LC3’s lower clinker content translates to 
reduced production costs, providing an 
economic advantage over OPC, particularly 
in regions where fuel and raw material 
expenses are high. 

• The cost savings observed in LC3 
production suggest its suitability for 
widespread adoption, balancing economic 
and environmental benefits. 

In summary, LC3 demonstrates promising potential 
as an eco-friendly and cost-effective cement 
alternative. With proper mix design and curing 
techniques, it can be used in diverse construction 
applications, contributing to a reduced carbon 
footprint and supporting global sustainability 
efforts. 
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6.2 SUGGESTIONS FOR FUTURE WORK 

 

While the current research achieved substantial 
progress, there are several areas where further 
investigation could enhance the understanding and 
performance of LC3. Future work should consider 
the following: 

1. In-Depth Durability Analysis: 

• While compressive strength and setting 

times were assessed, future studies should 

include durability tests, such as resistance 

to sulfate attack, chloride penetration, and 

freeze-thaw cycles. 

• Long-term durability data can provide 

additional insights into the feasibility of 

LC3 for different environmental conditions, 

ensuring that it can withstand various 

weathering effects over extended periods. 

2. Field Trials and Performance Validation: 

• Conducting field trials for LC3 in various 

types of construction (e.g., pavements, 

loadbearing structures) would help 

validate laboratory findings under real- 

world conditions. 

3. Exploring Additional Additives or Admixtures: 

• Incorporating supplementary 

cementitious materials (SCMs) or chemical 

admixtures may further enhance LC3’s 

properties. 

• Potential additives, like fly ash or silica 

fume, could be evaluated to improve early 

strength, durability, and setting times. 

Summary 

 

This chapter summarizes the key achievements and 
limitations of the research on LC3, along with 
actionable suggestions for extending the work. By 
identifying optimization areas, proposing 
additional testing methods, and suggesting cost- 
benefit analysis improvements, this study provides 

a solid foundation for future research on 
sustainable cement alternatives. 
In conclusion, LC3 emerges as a promising solution 
to meet the dual challenges of environmental 
sustainability and structural reliability. However, 
ongoing research and development are essential to 
refine its properties and optimize its performance 
for various applications. Addressing the identified 
gaps and incorporating additional insights will 
strengthen LC3’s position as a feasible and 
environmentally responsible alternative to 
traditional cement. 
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