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ABSTRACT

This abstract highlights the advancements made in experimental research on gypsum-enhanced fly ash-sand-
lime bricks, focusing on their properties and performance. Gypsum-enhanced fly ash-sand-lime bricks are
gaining attention in sustainable construction due to their potential for reducing environmental impact and
improving the durability of construction materials. The experimental research conducted on these bricks has
primarily focused on enhancing their mechanical properties and reducing water absorption. Various factors,
such as the proportion of fly ash in the mixture and the addition of lime, have been investigated to understand
their effects on the bricks' performance. The results of the experiments reveal that higher proportions of fly
ash in the mixture lead to increased water absorption, primarily due to inadequate binding. Surprisingly, the
addition of lime to the fly ash does not effectively reduce water absorption; instead, it further increases it.
These findings underscore the need for careful optimization of material proportions to achieve desired
mechanical properties and reduce water absorption in gypsum-enhanced fly ash-sand-lime bricks. The
advancements in experimental research provide valuable insights for manufacturers, engineers, and
researchers in the production and application of these sustainable bricks. Future research directions may
include exploring alternative additives or modifications to address the water absorption issue and

investigating the underlying mechanisms behind poor binding.
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INTRODUCTION

Gypsum-enhanced fly ash-sand-lime bricks have emerged as a promising alternative in sustainable
construction practices due to their potential for reducing environmental impact and improving the durability
of building materials. Extensive experimental research has been conducted to explore and enhance the
properties and performance of these bricks, aiming to optimize their mechanical strength, reduce water
absorption, and improve overall quality.

The utilization of fly ash, a byproduct of coal combustion in power plants, addresses the issue of waste
disposal while reducing the demand for traditional clay-based bricks. By incorporating gypsum and sand-
lime binders, the bricks gain enhanced mechanical properties and improved resistance to water absorption,

making them suitable for various construction applications.

The experimental research on gypsum-enhanced fly ash-sand-lime bricks has focused on several key aspects.
One area of investigation has been the influence of the proportion of fly ash in the mixture on the bricks'
mechanical strength and water absorption. Understanding the impact of different fly ash content can guide
manufacturers in achieving optimal compositions for improved performance. Additionally, researchers have
explored the effects of incorporating lime as a binder to enhance the binding characteristics of the bricks.
The interaction between fly ash, gypsum, and lime has been examined to determine their combined influence
on the bricks' properties. The goal is to achieve a well-balanced composition that maximizes strength and
minimizes water absorption. Other research directions have aimed to optimize the manufacturing process of
gypsum-enhanced fly ash-sand-lime bricks. This includes investigating curing conditions, mixing
techniques, and forming methods to enhance the bricks' overall quality and ensure consistency in their

properties.

The advancements in experimental research on gypsum-enhanced fly ash-sand-lime bricks have provided
valuable insights into their composition, manufacturing, and performance. These findings contribute to the
development of sustainable construction practices by offering an eco-friendly alternative to traditional clay-
based bricks.

Gypsum

Gypsum is a mineral commonly found in nature and is composed of hydrated calcium sulfate. It has a wide
range of applications in various industries, including construction, agriculture, and manufacturing. Gypsum
plays a significant role in the production of gypsum-enhanced fly ash-sand-lime bricks, contributing to their

improved properties and performance.
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In the context of gypsum-enhanced fly ash-sand-lime bricks, gypsum is used as an additive or binder to
enhance the binding properties of the bricks. Its inclusion in the brick mixture improves the setting time,
workability, and water resistance of the bricks. Gypsum acts as a source of sulfate ions, which react with
lime (calcium hydroxide) to form calcium sulfate dihydrate, also known as gypsum, during the hydration

process. This reaction contributes to the hardening and strength development of the bricks.

The addition of gypsum in the bricks helps to reduce the water absorption and enhance the overall durability
of the material. It aids in reducing the formation of cracks and improves the resistance to moisture
penetration. Gypsum also improves the fire resistance of the bricks, making them suitable for applications

where fire safety is a concern.

In the manufacturing process of gypsum-enhanced fly ash-sand-lime bricks, gypsum is typically added in a
controlled proportion to the mixture of fly ash, sand, lime, and water. The gypsum content is carefully

adjusted based on desired properties and specific requirements.

Gypsum is a sustainable material as it is abundant in nature and can be extracted from natural gypsum
deposits or obtained as a byproduct of various industrial processes, such as flue gas desulfurization in power
plants. The utilization of gypsum in gypsum-enhanced fly ash-sand-lime bricks contributes to waste

reduction and the conservation of natural resources.
Fly Ash-Sand-Lime Bricks

Fly ash-sand-lime bricks are a type of construction material that combines fly ash, sand, and lime as key
ingredients. These bricks are known for their sustainability, cost-effectiveness, and improved performance

compared to traditional clay bricks.
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Fly ash, a byproduct of coal combustion in power plants, serves as the primary ingredient in these bricks. It
is obtained from the flue gases emitted during the combustion process. By utilizing fly ash in brick
production, it serves as a sustainable alternative to clay, reduces waste, and minimizes the environmental

impact associated with its disposal.

Sand is another crucial component of fly ash-sand-lime bricks. It acts as a filler material and improves the
workability and strength of the bricks. Fine river sand is commonly used due to its availability and

compatibility with the other ingredients.

Lime is added to the mixture as a binder. It reacts with the fly ash and sand during the hydration process,
forming calcium silicate hydrate and calcium aluminate hydrate compounds. This chemical reaction provides

binding properties to the bricks and contributes to their strength and durability.

The manufacturing process of fly ash-sand-lime bricks involves several steps. Firstly, the fly ash, sand, and
lime are mixed in appropriate proportions to achieve a homogenous mixture. Water is then added gradually
to obtain the desired consistency. The mixture is then compacted into molds and cured under controlled
conditions to facilitate hydration and strength development.

Fly ash-sand-lime bricks offer several advantages over traditional clay bricks. They exhibit excellent thermal
insulation properties, high compressive strength, and reduced shrinkage during drying and firing.
Additionally, these bricks have a lower environmental impact, as they utilize a waste material (fly ash) and

require less energy in their production compared to clay bricks.
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METHODOLOGY

The experimental research on gypsum-enhanced fly ash-sand-lime bricks involved a systematic approach to
investigate the composition, manufacturing process, and properties of these sustainable building materials.

The materials and methods utilized in these advancements are summarized below.
Materials:

a. Fly Ash: Fly ash, a byproduct of coal combustion in power plants, was used as a primary ingredient.

Different proportions of fly ash were considered to evaluate their effects on the properties of the bricks.

b. Sand: Sand, typically fine river sand, was utilized as a filler material to improve the workability and

strength of the bricks.

c. Lime: Lime was added as a binder to enhance the binding properties and provide structural integrity to the

bricks.

d. Gypsum: Gypsum, in the form of powder or hydrated calcium sulfate, was incorporated to improve the

setting time and water resistance of the bricks.
Mixing and Manufacturing Process:

a. Proportioning: Various combinations of fly ash, sand, lime, and gypsum were considered to determine the

optimal composition. The proportions were adjusted based on the desired properties of the bricks.

b. Mixing: The materials were mixed thoroughly using a mechanical mixer to ensure a homogenous mixture.

Water was added gradually to achieve the desired consistency.

c. Forming: The mixture was then placed into brick molds or formwork. The bricks were compacted using

manual or mechanical means to eliminate voids and improve density.

d. Curing: The bricks were subjected to a curing process, typically involving air drying or controlled moist

curing, to promote hydration and strength development.
Testing and Evaluation:

a. Compressive Strength: The compression strength of the bricks was determined using a universal testing
machine. The bricks were loaded in a compression testing apparatus until failure occurred, and the maximum

load was recorded as the compressive strength.
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b. Water Absorption: The water absorption capacity of the bricks was evaluated by measuring the weight
gain after immersing the bricks in water for a specified period. The percentage increase in weight was
calculated as the water absorption value.

c. Other Properties: Additional properties, such as density, dimensional stability, and flexural strength, were

also assessed using appropriate testing methods.

The materials and methods employed in the experimental research on gypsum-enhanced fly ash-sand-lime
bricks ensured controlled and reproducible testing conditions. These systematic approaches facilitated the
evaluation of various factors influencing the properties of the bricks and provided valuable insights for
further advancements in the field.

RESULTS AND DISCUSSION

Compression strength testing of bricks is a crucial evaluation method to assess the structural integrity and
load-bearing capacity of these building materials. The compression strength test measures the maximum
amount of load a brick can withstand before it fails or collapses under compression. During the test, a brick
specimen is placed between two compression plates of a testing machine. The load is applied gradually and
uniformly until the brick fractures. The maximum load at the point of failure is recorded as the compressive
strength of the brick. The test is typically conducted according to standardized procedures, such as ASTM
C67 or EN 772-1, to ensure consistency and comparability of results. The compression strength of bricks is
influenced by various factors, including the composition and quality of raw materials, manufacturing
processes, and curing conditions. Higher-quality bricks with well-compacted particles and uniform
composition tend to exhibit higher compression strength. Compression strength testing is important in several
aspects. It helps ensure the structural stability and safety of buildings by determining the load-bearing
capacity of bricks used in construction. It also aids in quality control during brick manufacturing, as it allows
manufacturers to assess the strength characteristics of their products and ensure compliance with industry

standards.
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Table 1showing the dry compressive strength of fly ash- gypsum bricks

Dry

Brick sample no. Fly ash | Cement | Sand | Gypsum Compressive
(%o) (%) (%) (%) strength in
N/mm?

1 50 10 15 2 16.98

2 53 10 20 4 2467

3 60 10 25 6 16.95

4 63 15 30 g 15.90

Table 2: Wet Compressive strength of fly ash- gypsum bricks
Wet
Brick Cement | Sand | Gypsum Compressive
sample no. Flyash (%) (%) (%) (%) strength in
N/mm?

1 50 10 15 2 14.23
2 35 10 20 4 2228
3 60 10 25 6 13.21
4 65 10 30 g 12.11
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Table 3: fly ash- lime bricks’ Water absorption

Brick sample Lime | Sand | Gypsum Water
Fly ash (%) .
no. (%) (%) (%) Absorption (%)
1 50 10 15 2 20623
2 35 10 20 4 21.945
3 60 10 25 6 22.520
4 65 10 30 g 20.930

The results indicate that higher proportions of fly ash in the mixture resulted in a noticeable increase in water
absorption, attributed to inadequate binding. The addition of lime to the fly ash did not effectively reduce
water absorption; instead, it further increased water absorption.

CONCLUSION

The advancements in experimental research on gypsum-enhanced fly ash-sand-lime bricks have provided
valuable insights into the performance and properties of these sustainable construction materials. The focus
of these advancements has been on enhancing the mechanical properties and reducing water absorption to
improve the overall quality and durability of the bricks.

The results of the experiments reveal that the proportion of fly ash in the mixture has a significant impact on
water absorption. Higher proportions of fly ash led to increased water absorption due to inadequate binding.
The addition of lime, intended to enhance binding, did not effectively reduce water absorption and, in fact,
further increased it.vThese findings highlight the need for careful consideration of the proportions and
composition of materials in the production of gypsum-enhanced fly ash-sand-lime bricks. The optimization
of these factors is crucial to achieving the desired mechanical properties and reducing water
absorption.vFuture research in this area should focus on identifying alternative additives or modifications to
the mixture that can effectively mitigate the issue of water absorption. Additionally, further investigation is
needed to understand the underlying mechanisms behind the poor binding and explore potential solutions to
enhance the overall performance of the bricks. The advancements in experimental research on gypsum-
enhanced fly ash-sand-lime bricks contribute to the development of sustainable construction practices by
providing valuable knowledge and insights. These findings can guide manufacturers, engineers, and
researchers in the production and utilization of high-quality bricks that meet the requirements of strength,

durability, and water resistance.
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