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PROLOGUE

I'he study conducted that using laterite soil, rice husk and coconut shell ash in brick production
is a sustainable solution as it contributes to Judicious use of waste and promotes the holistic
use of resources while making it more cost effective and sustainable.

Using laterite soil, rice husk and coconut shell ash for production of brick. Coconut shell and
rice husk were collected from the industries. landfills which causes waste management issues
such as littering, blockage of water ways and accumulation of landfills. This can result in
habitat destruction, aesthetic degradation and potential harm to wildlife. When coconut shell
and rice husk are burnt openly or in poorly controlled combustion processes they can release
particulate matter, carbon monoxide and other harmful pollutants into the air contributing to
air pollution. So, by using coconut shell and rice husk brick production with addition of laterite
soil can reduce the harmful effects caused by these waste.

The experimental analysis of the brick was done in various forms like compressive strength,
weight measurement, water absorption test, XRD analysis and determination of iron present in
the soil to check its durability parameters. The results of the experiment showed durability
similar to the other bricks which are being used in the construction.




CHAFTER 1
INTRODUCTION

I.1. GENERAL

Ihroughout the world there is depletion of natural resources, judicious use of natural by-

products and lesser tapped lower grade resources go a long way in optimum use of available

resources, The construction industry stands at the crossroads of development and sustainability.

As global population growth drives an unprecedented demand for housing and infrastructure,
the environmental impact of construction materials comes into sharp focus. Traditional brick
production, a staple in the construction sector, has long relied on materials and processes with
substantial carbon footprints. However, the imperative for sustainable alternatives has led to
innovative research into eco-friendly materials that reduce environmental impact without
compromising quality or affordability (Nikhil Bapure etal). This thesis explores the
sustainable vse of rice husk and coconut shell ash, combined with laterite soil. in brick
production—a novel approach that not only promises to mitigate environmental concerns but

also enhances the physical properties of bricks.

1.2. BACKGROUND

The quest for sustainable building materials has unearthed a variety of alternatives to traditional
clay and concrete bricks. Among these, agricultural waste products such as rice husk and
coconut shell ash emerge as promising candidates due to their abundance and the
environmental benefits of their utilization. Rice husks and coconut shells are by-products of
the agricultural and food industries, respectively, which would otherwise contribute to waste
and pallution. By repurposing these materials in brick production, the industry can address
waste management issues while reducing the reliance on depleting natural resources,

Laterite soil, widely available in tropical and subtropical regions, has been historically used in
construction due to its rich iron and aluminium content, which contributes to its durability.
However, the incorporation of laterite soil in modern brick production has been limited. partly
due to its variability in composition and properties. This research posits that blending laterite
soil with rice husk and coconut shell ash can result in bricks with improved structural and

environmental performance.

1.3. OBJECTIVES

The primary objective of this study is to investigate the feasibility and effectiveness of using
rice husk and coconut shell ash with laterite soil in the production of sustainable bricks. This

involves:
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environmental factors
Assessing the environmental impact of the proposed brick production method, focusing

energy consumption, carbon emissions, and the life cycle analysis of the bricks

Comparing the cost-effectiveness of the sustainable bricks with traditional brick production

methods, considering both manufacturing costs and long-term performance.

1.4. SIGNIFICANCE
The significance of this research lies in its potential to contribute to the sustainable
transformation of the construction industry. By introducing a method to reuse agricultural

waste and harness the properties of laterite soil, this study aligns with global sustainability

goals, mncluding waste reduction, carbon footprint minimization, and the conservation of
natural resources. Furthermore, the development of more sustainable bricks could have wide-
ranging implications for the construction industry, particularly in regions where rice husks,
coconut shells, and laterite soil are abundant, Enhancing the affordability and accessibility of
building materials could also have socio-economic benefits, particularly in developing
countries where housing and infrastructure needs are acute.

1.5. STRUCTURE

This study is organized into several chapters, starting with a comprehensive literature review
that sets the context for the research and outlines previous studies in the field. The methodology
section describes the experimental procedures for material characterization, brick formulation,
and testing. Subsequent chapters present the results and discussion, analysing the data in the
context of the research ohjectives. The final chapter offers conclusions drawn from the study,
along with recommendations for further research and potential applications of the findings in

the construction industry.

By delving into the sustainable use of rice husk and coconut shell ash with laterite soil in brick
production, this thesis contributes to the evolving narrative of sustainable construction, offering
insights and solutions that could shape future practices in the industry.




CHAPFTER 2

LITERATURE REVIEW

L1 LATERITE SOIL IN BRICK MANUFACTI RING

1.1 Properties and Suitability

Latente soil is a highly weathered material rich in iron and aluminium, known for its wide
avatlability and minimal processing needs (Schellmann, W., 1986). Traditionally used in road
construction and E‘Lllidll‘lj: due to its hardness and ability to form compact structures, laterite
has been identified as a suitable raw material for brick production due to its ease of use and
strength when dried (Anand and Ramamurthy, 2005).

Laterite soil is notably varied in its composition, which depends heavily on the local
environmental and geological conditions. As defined by Schellmann (1986, laterite soil is
primarily formed under high rainfall and temperature conditions, which lead to intense leaching
of soluble minerals, leaving behind oxides of iron, aluminium, manganese, and titanium. These
soils are typically poor in organic constituents but rich in minerals, making them inherently
sturdy and resistant to weathering once hardened.

Gidigasu (1976) in their seminal work, "Laterite Soil Engineering," details the engineering
properties of laterite and categorizes it based on its geotechnical properties, including plasticity,
compaciness, and strength, which are critical in determining its suitability for brick

manufacturing.

2.1.2. Use of Laterite in Brick Manufacturing

The use of laterite as a primary material in brick production has been historical ly prevalent in
regions such as West Africa, India, and parts of South America. According to Anand and
Ramamurthy (2005), the compressive strength of laterite-based bricks can adequately meet
building standards when the soil is sourced correctly and processed using appropriate methods.
These authors emphasize the importance of proper selection and treatment of the soil to ensure

the bricks possess sufficient strength and durability.

2.1.3. Enhancements in Laterite Brick Properties

The traditional problems with laterite bricks include variability in quality and relatively lower
strength compared to fired clay bricks. Recent studies have focused on the stabilization of
laterite soil to overcome these issues. Joseph and Mathew (2012) investigated the stabilization
of laterite using industrial by-products such as fly ash and rice husk ash. Their findings suggest
that the addition of these materials not only increases the compressive strength but also

enhances the water resistance of the bricks,
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2.12. RICE HUSK

2.2.1. Properties of Rice Husk

Rice husk is primanly composed of cellulose, lignin, and silica, making it a valuable resource
in brick manufacturing due to its high silica content and fibrous nature (Siddigue, 2008). When

bumt, 1t transforms into rice husk ash (EHA), which is hlj:_’lli}' F'li'l';ffl'l'd]'l'il.' due to its ,'|r'|'||:||'i'!-h['r|_n
silica content, beneficial for enhancing the mechanical properties of bricks.

2.2.2 Utilization of Rice Husk in Brick Manufacturing

Studies have explored the use of rice husk and RHA as an admixture in brick production. The
inclusion of rice husk directly into brick clay mixtures has been investigated for its impact on
physical properties and firing behaviour. Chowdhury et al. (2015) found that adding rice husk
to clay bncks before firing could increase porosity and decrease density, resulting in
lightweight bricks with improved thermal insulation properties.

2.2.3. Impact on Mechanical Properties

Adding rice husk or RHA o bricks can alter their compressive strength. According to
Dhanapandian and Gomathi (2009), the use of RHA up to 20% by weight can significantly
enhance the compressive strength of bricks. This improvement is attributed to the pozzolanic
reaction of silica in RHA with calcium hydroxide in cementitious mixtures, forming additional

cementitious bonds within the brick.

2.2.4. Durability and Environmental Impact

The use of rice husk in bricks also impacts their durability. Research indicates that bricks with
rice husk content exhibit improved resistance to water absorption and efflorescence,
contributing to longer-lasting construction materials (Kumar et al., 2010). From an
environmental standpoint, utilizing rice husk in brick production contributes to waste reduction
and provides a use for this agricultural by-product, thereby reducing environmental pollution

associated with ns disposal,
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LY. COOONUT SHETLD ASH

2.1 Physical and Chemical Properties of Coconul Shell A sh

comimonly regarded
chemical

Loconut shell ash {CSA) is derived [t m the combustion of coconut shell
ns agricultural waste, Research by Srinivasan and sathiva (20100 explored the
composilion of CSA, highlighting its high silica content, which can contribute to the poEzolani
acuvity when used in brick manutacturing. According to their analysis, CSA contains silica
along with minor quantities of alumina and iron oxide, which are also crucial for the pozzolanic

reactions in brick matrices (Srinivasan and Sathiya, 2010

2.3.2. Impact of CSA on the Mechanical Properties of Bricks

A number of studies have investigated the mechanical properties of bricks ince rporated with
varying percentages of CSA. For instance. Gunasekaran et al. {2012) conducted experiments
to assess the compressive strength and water absorption of clay bricks with CSA additives.
Their findings suggested that the inclusion of up to 20% CSA by weight could improve the
compressive strength while slightly increasi ng water absorption rates. This implies that CSA
not only acts as a filler but also contributes to the binding strength in the brick structure
(Gunasekaran et al., 2012).
5 |

2.3.3. Thermal Properties of CSA Bricks

The thermal properties of bricks are crucial for energy-efficient building design. Raut et al.
(2013) studied the thermal behaviour of bricks containing CSA and found that CSA could
enhance the thermal insulation properties of bricks due to its inherent porous nature. This aspect |
is particularly beneficial in hot climates, where improved insulation can significantly reduce

cooling costs and energy consumption (Raut et al., 2013).

2.3.4. Environmental and Economic Benefits

One of the key advantages of using CSA in brick production is its potential to mitigate the
environmental impact associated with the manufacturing process. CSA, being a waste product,
provides a way to recycle coconut shells that mi ght otherwise contribute to waste. Furthermore,
Krishnaraj and Sreenivasan (2014) discussed the economic benefits stemming from the reduced
need for conventional raw materials and the lower energy requirements for firing bricks when
CSA is incorporated, thus making the production process more sustainable and cost-effective

(Krishnaraj and Sreenivasan, 2014),

il




{CHAPFTER A

MATERIALS HEQUIRED AND M (NELRINIRT AT

LL MATERIALS REQUIRED
LLL LATERITE SOIL:

laterite soil is ay ailable in abundance. Soil was collected from Gog University campus. Laterite
so1l is a type of soil rich in iron and aluminium that is commonly found in tropical regions. li

can be sourced from a local supplier or collected from the natural environment

Figure 1: Collection of lateritic soil sample from Goa University Campus

| Physical properties Description 8
| Colour Typically ranges from red to brown,
depending on the oxide content.
Texture Coarse-grained and gritty, though the texture
|| can vary significantly,
| Structure Well-drained, with clumpy structure that
can harden significantly when exposed to air
Bulk density Generally higher than many other soil types, |
| which can affect water infiltration and root
|_ penetration. W N
| Porosity Moderate 1o high porosity, which can lead to
rapid drainage and sometimes poor water
| retention . ]
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Fable, No, |1 Properties OF Laterite Soil isanthy, V.. and _‘-,'|”||_-||]|_1,. K., 200

LL2 RICE HUSK ASH

» = ) q d % 1 1
Rice husk was collected from local rice mill located in Raipur, Chhattisgarh. Rice husk ash is

a by product of rice milling and can be obtained by burning rice husks at a high temperature
until they turn into ash,

Figure 2: Rice husk

| Physical properties Description .
' Bulk density Typically rages from 96 to 160 kg/m-,
| making it a lightweight material. ,
|Pan'ru]e size Variable, typically 2 1o 3 mm in leagth, |
| although this can differ based on the making
| process and the husk's hadling, -
| Color Generally pale yellow to greyish white,
| depending on the rice variety and proceeding
_ S method, |
Texture Coarse and abrasive due to the high silica
o content, |
Porosity Highly porous with a high surgface areq, |
which contributes to its excellent insulation
___| properties. |




bermal conductivin -I--I||||:||| anductivil A e
||||I 15 an insulating material
Fable. No, 2 Physical properties of rice husk [H r”rlll R., Kansal, S., and Kothari, B
2017)

ALY COCONUT SHELL ASH

Remains of coconut shell after removal of kernel was collected from a local vendor located in

Raipur, Chhattisgarh. Coconut shell ash s oblained hy burning coconut shells at a high

lemperature until they turn into ash, Coconul shell ash is considered as a hard substance. This

is because coconut shell ash contains high amounts of silica and alumina.

Research has shown that the use of coconut shell ash in brick production can improve the

COMpressive u!rln;_.!h waler Ll'u.uq'\n.;m and ljuu-."-.. of the resulting bricks, This 15 because
anic material, which means that it reacts with calcium hydroxide

coconut shell ash is a pozzol
fo form additional cementitious compounds, such as calcium silicate hydrate and calcium
aluminate hydrate. These compounds he Ip to improve the strength and durability of the bricks.

Figure 3: Coconut shell

' Physical properties ] ﬁl-zﬂcripiiun

r f.'r:Jc:m

Generally  prey, dependemt on  the
combustion temperature and conditions




Highly variabl can be ground to @ Fin

Particle sz
poweler, Particle size significantly affects it
| reactivily as o porrolan
Bulk density Relatively low tYpically ranmging Dromn SO0
600 kp/m?, This low density 18 beneficial for
f | applications requiring lightweight material
| Specific gravity I'ypically ranges from between 2.1 to 2.5
SUFACA Ares High surface area due to the porous nature of

the ash, enhancing its pozzolanic activity

f when used in concrete _
Chemical "Mh'i”:"' _'"{..iL'IlL‘riL“:‘,'_ .:II.J.|‘-I|;.", however. its chemical

| composition can influence its reactivity and

| — interaction with other materials in a mixture. |

| Thermal stability Coconut shell ash exhibits good thermal |

| stability up to about 800°C, beyond which it

| : | may begin to lose structural integrity.

Table. No. 3. Properties of coconut shell (Nath, P., Sarker, P. K., and Ranganathan, K.

2015)
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Water is an essential component in brick manufacturing for several reasons:

1. Mixing: Water is needed to mix the various materials used in brick production, such as clay
and sand. The water acts as a binding agent that helps to hold the materials together, allowing
them to be moulded into the desired shape.

2. Plasticity: Water is also essential in the process of plasticity, which is the ability of the clay
to be moulded and shaped. The addition of water to the clay creates a plasticity that allows it
to be shaped and Moulded without cracking or breaking.

3. Hardening: After the bricks are moulded, they are dried and fired in a kiln to harden them.
During the firing process, the water in the bricks is evaporated, which causes the clay particles
to bind together and harden into a solid structure.

4. Dust suppression: Water is also used in brick manufacturing to suppress dust. Brick

production generates a lot of dust, which can be harmful to workers and the environment. By
spraying water over the area where the bricks are being made, the dust can be controlled and

minimized.

Overall, water plays a critical role in the manufacturing process of bricks, as it is necessary for
mixing, plasticity, hardening, and dust suppression. Without water, it would be impossible to
produce high-quality bricks that are durable and long-lasting.




VLS. MOLUILD

Mould was used from a working brick kiln, Brick moulds, al o known as brick forms or brick

presses, are used 1o shape clay or conc rete into bricks of a specific size and shape, The mould

is made of a durable material. suc h as metal or plastic, and is designed to withstand the pressure

and heat of the brick making process. The mould was wood which helped the soil to stick

properly. The size and shape of the brick mould can vary depending on the desired size and ,
’ >

shape of the bricks being produced, Some common sizes of brick moulds include 4x8 inche
OX8 inches, and 8x8 inches, although other sizes are also available. The brick mould used in
I'he shape of the mould can range from a simple rectangular shape

this study was 9x4 inches.
velled edges or curved corners. To use a brick mould, the clay

to more complex shapes with be
Orconcrete mixture is placed inside the mould and compressed to form the shape of the brick.
15 achieved, the mould is removed, and the brick is left to dry and cure.

Once the desired shape

' Figure 4: A single brick mould of 9°x 4~

3.1.6. PRESS
A press is used to compact the brick mixture into a solid brick. The use of a press is important

in brick formation for several reasons:

1. Improved quality: Using a press allows for greater precision and control in the formation
of bricks. The press can apply a consistent amount of pressure to the material. resulting in more

uniform and consistent bricks with good symmetry and fewer defects.

2. Higher production rate: Presses can produce bricks at a faster rate than traditional hand-
moulding methods. This is because the press can form multiple bricks at the same time.

allowing for higher production rates.




1. Better material utilization: The v of a pre can help to minimize waste by using the

y recduce material costs

exact amount of matenrial neecded to create each brick his can |‘r“‘ t
and improve the overall ¢ fficiency of the production proces

4. Improved working conditions: 1 SIng a press can also improve working conditions for
brick makers. Traditional hand moulding methods require a significant amount of physical

labour and can be tring and strenuous. The use of a press can help to reduce the physical
demands of the job and make it easier and safer for workers. Overall, the use of a pre I
important in brick formation because it allows for greater precision and control, higher
production rates, better material utilization, and improved working conditions. By using a
press, brick manufacturers can produce high-quality bricks more efficiently and sustainably.

3.2. METHODOLOGY
3.2.1. STEP 1: COLLECTION OF RAW MATERIALS

Collect the laterite soil, rice husk ash, and coconut shell ash in separate containers. Measure
the appropriate proportions of raw materials based on the desired brick composition. In this
study the raw materials are made up of laterite soil : rice husk : coconut shell ash in the ratio

of 70:10:20.
3.2.2. STEP 2: MIXING OF THE RAW MATERIALS

Remove any impurities or large particles from the laterite soil, rice husk ash, and coconut shell
ash prior to mixing. Mix the laterite soil, rice husk, and coconut shell ash thoroughly in the dry
form and take laterite soil : rice husk : coconut shell ash in the ratio of 70:10:20 in a large
container. Add water gradually to the dry mixture and mix thoroughly until it reaches a
homogeneous consistency. The amount of water needed may vary depending on the moisture
content of the laterite soil and other factors, so adjust accordingly to achieve a workable

mixture,

Figure 5: Unmoulded composite of bricks




LLASTEP 3 MOULDING OF THE BRICKS

Fransfer the brick composite into the mould ensuring it is filled evenly and compacted tightly

0 remove any air pockets, Use a pres: to apply pressure to the composite, further compacting
it into a solid brick shape, Remove the excess mixture from them mould, leaving behind the
formed brick. The processed raw materials are then placed into a brick mould or press, which
is designed to shape the material into the desired brick size and shape. The mould is designed
usually as per the need of the client and industry, made of metal or plastic and can have different

conligurations to create various brick types, such as solid bricks, hollow bricks, or interlocking

bricks

Figure 6: Moulded bricks including bricks of this study at Mana village, Raipur district,
Chhattisgarh

3.24. STEP 4: CURING

Place the moulded bricks in a shaded area or cover them with a plastic sheet to protect them

from direct sunlight and rain. The bricks are allowed to cure for at least 7-14 days to achieve

adequate strength and durability. During this period, the bricks will gradually harden and attain

strength through a process called curing. Curing is an essential process in brick formation for
several reasons:

Strength: Curing helps to improve the strength and durability of the bricks by allowing them
to fully harden and mature. Without proper curing, the bricks may be weaker and more
susceptible to get damaged early.




Minimizing cracking; During the uring process, the bricks are xposed to moisture, which
helps to prevent cracking and shrinkage. This is especially important in hot and less humid

climates, where the bric ks may dry ouf 100 quickly without proper curing

Tevd s v i . ¥ -
Uniformity; Proper curing helps to ensure uniformity in the bricks, both in terms of their
i\h\\h.lf dppearance and ||](||l ““(‘H}J”l‘ 4”“\ is ””P“”E“" for (‘II\III'III}' that the brick are
suttable for use in construction. ’
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Water absorption: Curing can also help to reduce the water absorption rate of the bricks. This
IS important because bricks with a high water absorption rate may be more susceptible to
damage from trccmng and 1]1uw,'”g cycles or from exposure to water,

Chemical reactions: During the curing process, chemical reactions take place within the bricks
that help to improve their strength and durability. Curing of the bricks, particularly when
dealing with concrete or cement bricks, involves several chemical reactions, most notably
hydration. Calcium silicate hydrate is primarily responsible for the hardening and strength
development of the brick, while calcium hydroxide can react further with carbon dioxide in the
air to form calcium carbonate, which also contributes to the hardening process. This series of
reactions is essential for the development of durability and structural integrity in the cured
bricks. During the curing process, chemical reactions take place within the bricks that help to
improve their strength and durability. These reactions can take several weeks to complete, so
proper curing is necessary to ensure that the bricks have reached their full strength. Overall,
proper curing is essential in brick formation to ensure that the bricks are strong, durable, and
suitable for use in construction. Without proper curing, the bricks may be weaker, more
susceptible to damage, and less uniform in appearance and strength.

3.2.5. STEP 5: DRYING

Allow the bricks to air dry for several days until they reach the desired moisture content. Avoid
rapid drying or exposure to direct sunlight, as it may cause cracks or warping in the bricks.




Figure 7: Bricks subjected to the drying process at the Mana village, Raipur district,
Chhattisgarh.

3.2.6. STEP 6: FINAL PRODUCT

| Once the bricks are completely dry, they are ready for use as a construction material. They can
be used for various applications such as building walls, pavements, or other construction
projects. It's important to test the final bricks for strength and durability before using them for
structural purposes. Testing can be done through compression tests, water absorption tests, and
other standard tests to ensure that the bricks meet the desired quality standards.

Figure 8: Finished product of brick of this study at Mana village, Raipur district,
Chhattisgarh




1.3, TEST CONDUCTED

3.3.1. WEIGHT MEASUREMENT OF BRICKS

1S IS &4 uUSs¢ 110 .

I\hl‘w ick w L‘I‘s";lltl ::1:~,I|\Ilt|\|1~t”r::ll1'1l I:::-‘ l.llh-‘ {I_”.I””\ of bricks being produced or used in construction
individual bricks. There are lh“"\“.‘””‘ 15 a device used to accurately determine the weight of
but most work by using a scale 1(\:-{|:]-I|-|-\.FTC\ of brick weight measurement machines available
manual, requir In"_‘ the a‘lﬁlk‘l‘.']l:u‘l ) \I.‘] “I”kt‘ \'\l‘,\mm to weigh the brick. Some machines may be
Others may be .‘lLLlll\lﬂ-‘Ilt‘ll |1|-\i ..l [‘ ‘l.u.[hc brick on the scale and manually record the weight
lata itllTl\!].IAIII‘L“l“\' Ace ‘n‘c_H_L NSOrs or other technology to weigh the brick and record the
> T AACCUTAcy IS an important consideration when choosing a brick weight
measurement '1111C11l{19. as even small deviations in weight can have an impact on the density
strength and durability of a brick wall, Additionally, the machine should be easy to use and
maintain, with a robust design that can withstand the demands of industrial environments.

verall. a brick wei 5 2 §
Overall, a brick weight measurement machine can be a valuable tool for brick manufacturers

and construction professionals, helping to ensure the quality and safety of their work.

Figure 9: Weight measurement of bricks

Importance of brick weight measurement
Quality control: The weight of a brick is a good indicator of its quality. Bricks that are too
light may be weak and prone to cracking or breaking, while bricks that are too heavy may be
overly dense and difficult to work with. By measuring the weight of each brick, manufacturers
can ensure that their products meet quality standards and are suitable for use in construction.

Estimating material requirements: Knowing the weight of a brick can help contractors and
builders estimate the amount of materials needed for a construction project. This is important
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e ensurimg that the right
I« E0t amount of bricks are ordered and that there is enough material on

hand to complete the project

afety: The weight
Salet; ! Oof a brick can impact the structural integrity of a building. If bricks of

varying weights are used., it ¢ an result in an une

ven load distribution, which may « OMpromise

» strength and safe . R
the stren; na safety of the Structure By measuring the weight of each brick. builders can

. s that they are . iy
CnsuI CYy are using bricks that are uniform in weight and suitable for the project at hand

werall, measu r the we a B p
Overall, measuring the weight of a brick is an important step in ensuring the quality and safety

ol construction projects.

3.3.2. COMPRESSIVE STRENGTH
A compressive strength testing machine of brick is a device used to determine the compressive
strength of bricks. Compressive strength is a measure of a material's ability to withstand
compression or crushing, and it is an important property of bricks used in construction. The
compressive strength testing machine works by applying a compressive load to a sample brick
until it fails. The machine measures the load applied and the corresponding deformation of the
brick, which is used to calculate the compressive strength. There are different types of
compressive strength testing machines available, but most work by using hydraulic or
mechanical systems to apply a load to the brick. Some machines may be manual, requiring the
operator to load the brick and apply the force manually. Others may be automated, using
computer-controlled systems to apply and monitor the load. To use a compressive strength
testing machine of brick, a sample brick is first selected and prepared according to standardized
procedures. The brick is then placed between the two plates of the testing machine and a
compressive load is applied gradually until the brick fails. The maximum load the brick can
withstand is recorded, and this is used to calculate the compressive strength of the brick.
Overall, a compressive strength testing machine of brick is a valuable tool for ensuring the
quality and safety of bricks used in construction. By testing the compressive strength of bricks,
builders and engineers can ensure that they are using materials that meet quality standards and
are suitable for the intended application.

Figure 10: Compressive strength machine at Public Works Department, Tatibandh,
Raipur district, Chhattisgarh




Figure 12: Compressive strength measurement at Public Works Department, Tatibandh.
Raipur district, Chhattisgarh




Compressive strength calq ulation:

Compressive strength, C= (W/A)
Where,
W = Caliberated maximum load
A = Average of the or ;
ag € gross areas 2 ' '
g of the upper and lower bearing surfaces of the specimen

3.3.3. WATER ABSORPTION TEST

Water absorption test is a ¢ .
bricks, The \1”““_ 'lh'i(]]'N[tj “)m"“‘!ﬂ)’l used test for determining the quality and durability of
s S Plion test of brick involves measuring the amount of water absorbed by
a brick when it is immersed in water for a specified period of time
Process
> water abs i i 187n
'Tht_ a Cf 'lt" OIIjIIQn test of brlcl_cs 1s a simple and commonly used method to determine the
amount of water absorbed by a brick. The test involves the following steps:

P.Tepar.atmn: Take a dry and clean brick, and weigh it accurately to the nearest gram. Record
this weight as the dry weight of the brick.

Immersion: h‘nmerse.[he bricl_c completely in clean water at room temperature, and keep it
submerged for a specified period of time. The most common duration for immersion is 24
hour_s, but the test may also be conducted for shorter or longer periods depending on the specific
requirements.

Remqval and wiping: After the immersion period is over, remove the brick from the water
and wipe off any excess water from its surface using a damp cloth. The wiping should be gentle,
SO as not to remove any water that may have been absorbed by the brick.

(a) Weighing: Weigh the brick again after wiping, and record this weight as the wet weight

of the brick.
(b) Calculation: Calculate the water absorption capacity of the brick using the following

formula:
Water absorption = ((wet weight - dry weight)/dry weight) x 100

where, wet weight = weight of the brick after immersion and wiping
dry weight = weight of the dry brick before immersion

The result is usually expressed as a percentage of the dry weight of the brick.

The water absorption capacity of a brick is an important indicator of its quality and suitability
for use in construction. Bricks with high water absorption rates are prone to damage from
freeze-thaw cycles, and can also suffer from efflorescence, a white powdery substance that
forms on the surface of the brick due to the movement of water through the brick's pores.

Here are some reasons why the water absorption test of brick is important:
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aterial selection: The water
Materia 1€ Water absorption test of brick is a crucial factor in selecting the

wnropriate type of b an: . .

appropriate type of brick f“'_ 4 particular construction project. Bricks with low water absorption

cates are pw!cnu‘l for exterior use, as they are less likely to suffer from damage due to freeze
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thaw cycles or efflorescence. Bricks with higher water absorption rates may be suitable for

interior use or for nurrIm:dfhcurmg walls,

Durability: The water absorption test of brick helps to assess the durability of bricks in
different environmental conditions. Bricks with low water absorption rates are less likely to
deteriorate over time due to water damage, and are more likely to maintain their strength and
appearance for longer periods of time.

Safety: Bricks with high water absorption rates are prone to damage from freeze-thaw cycles,
which can lead to the formation of cracks and the eventual collapse of the structure. The water
absorption test of brick helps to identify bricks that may pose a safety risk, and ensures that
only bricks with adequate water absorption rates are used in construction.

Overall, the water absorption test of brick is an important test for ensuring the quality and
durability of bricks used in construction. It helps to identify weak bricks and ensures that only
high-quality, durable bricks are used in construction projects.

Figure 13: Water absorption test wherein the bricks are immersed in water for 24 hours

The water absorption test of bricks should be conducted on a representfnive sunlplé (‘vt' hricks:
and the average water absorption capacity of the sample should be reported. Tf_“;‘.““’“ -‘h“}‘l_d "“‘
conducted in a controlled environment, with standard temper_ature amti hLlIl‘l‘ld‘ll_\l‘L‘O!lll..hlltil‘l‘s:
The water absorption test of bricks is an important quality control measure for brick
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1.3.4. X-RAY DIFFRA ( I'NON (XRD) ANAJ YSIS

In order to find out the mingry Components of

analysis. X-ray Diffraction (XRD) ig a Imwn‘rf“I Sl
crystallographic structure of Materials by me: ;
rays interact with the sample, This nun«lé ;

Soil they were uul»,uh,l iy XRD

analytical (e hnique used to determine the

1Suring the diffraction pattern produced when X
structive method provides valuable information about
Parameters, and orientation of crystallites within

: 'y, and pharmaceuticale f us fields, including materials science, geology,
(hL.llII\II_\. and pharmaceuticals, for churaclel-izing solids, powders, thin films. and crystalline
surfaces. ¥ "

the crystalline phases, crystal structure, Jatjce
a sample. XRD is widely employed in varig

Figure 14 : Smart lab Rigaku XRD Machine at Goa University

Principles of XRD:

Bragg's Law:

XRD relies on Bragg's law, which describes the relationshig between th? angles of' im:i.defw?
and diffraction of X-rays interacting with a crystal lattice. Accordu_lg i Bragg i 1:1‘“.
constructive interference occurs when the path difference between X-rays scattered by adjacent

crystal planes is an integer multiple of the wavelength of the X-rays.
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sample Preparation:

» first step 15 10 prepare the sample for . ;
llu‘ nsed to be Ground Ints 4 e ple fo; analysis, I)cpcnding on the nature of the material, it
C = o g C d dl,
e ylid samples, thin films, o el Imnmg“"”i"ld‘ and mounted onto 4 sample holder
0r § T Dy S, Or crvet: . 4 .
For ¢ or crystalline powders the surface should b fl‘ Ipf f
4 L € 110 be flat and free from

irregularities.
[nstrument Setup:

sample is prepared. it is

samp prepared, it is mounted onto DR holee 0 R s o

.mfm:j].]:]cmth: tcaléb;‘?t;i”and sel Up according to the specific parameters of the analysis,
including YP ay source (e.g., Cu-Kgq, radiation), the scanning range (20), and the

scanning speed.
pata Collection:

The XRD in§trument directs a beam of X-rays onto the sample at a specific angle of incidence.

The X-rays interact with the crystal lattice of the sample, causing them to diffract in various
directions. As the sample holder rotates, the detector records the intensity of diffracted X-rays
at different angles (20). This process generates a diffraction pattern, typically represented as a

plot of intensity versus 26.

Data Analysis:

Once the diffraction pattern is obtained, the next step is to analyze the data. This involves
identifying the peaks in the pattern, which correspond to specific crystallographic planes within
the sample. The peaks are compared to known reference patterns or databases to determine the
phases present in the sample. Software programs are often used to assist in peak identification
and quantitative analysis. Additionally, the positions and intensities of the peaks provide
information about the crystal structure, lattice parameters, and preferred orientation (texture)

of the sample.

Interpretation and Reporting:

The final step is to interpret the results of the XRD analysis and report the findings. This may
involve discussing the identified phases, their relative abundance, crystallographic parameters,
and any notable features or trends observed in the diffraction pattern. The results of the XRD
analysis are typically presented in the form of a report, which may include diffraction patterns,

peak tables, and interpretations, along with relevant discussion and conclusions.
nique for characterizing the

Overall, X-ray Diffraction (XRD) analysis is a P‘?W?rf“l .t“h ‘ o ‘
structural properties of materials, providing valuable insights into their composition, crystalline

phases, and crystallographic parameters.
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Laterite soil, renowned for g high iron Oxide content

ations, including construction, agriculture Plays a significant role in variou

i atid anc
apl |(Il\alrn|m|[-|””| remediation, Determining

yp concentration in laterite sof b
(he iron ¢ 1118 crug 1al for lll‘II|L-1-\l.‘IIl(Ilr|;- its properties and suitability

scific uses. Atomic Absorpti B ants
for spectlic g ption Shumm.n[w (AAS) is a wid sly emploved analvtical
,..-P"‘“I”" for qu;tl]lll_\-’mg 1mron and other trace lllL‘I'li\ ¢ €ly employed analytice

view of the > I 50il samples This document provides
detailed overview of the AAS method for testing i ples, ) nty

N presence in laterite soil

principle of Atomic Absorption Speﬂmsmm (AAS)

Afomization and Absorption:

AAS relies on the principle of atomije absorption, where atoms in the ground state absorb
characteristic wavelengths of light when exposed to a light source of the S'game walvelcﬂglh. In
AAS, a hollow cathode lamp emits monochromatic light at the fesonance wavelength of the
target clcmenll(e.g.‘, iron). This light passes through a flame or graphite furnace, where the
sample is atomized into gaseous atoms, The atoms absorb energy from the light source, causing
them to transition to higher energy states. The absorption of light at specific wavelengths is
measured, and the intensity of absorption is Proportional to the concentration of the target

clement in the sample.

Figure 15 : AAS machine at the chemistry lab of Chemistry department of Pt.
Ravishankar Shukla University, Amanaka, Raipur, Chhattisgarh

Quantification:

A calibration curve is established using standard sqlutions OI.km.)“.m iron ’ionc.cln.lm.:,:.mi ”l hz
@bsorbance of these standards is measured, and a linear reluuon.sl?lp b'elwucn absorbance an
concentration is determined, The absorbance of the sample solution is then compared to the
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I ,,qtruml’l“ Calibration:

AAS instrument is calibrated ysine . ‘
Thfering the expected range of in)numng h[dndi‘"-d 'Ton solutions of known concentratio
) : T Concentrations iy the laterite soi] s s ' g
standards are pre;;)are y diluting a stock iron solution with 4 quil-lbim- i :1I|.hm'||nn
water). The absorbance of each Standard solution 1S measured luain(g 1I(ich:\h:£ lil(lil.:;l” dt‘l?ﬂl?&‘d

. strument,

Analysis of Sample Solution:

The cl.lgestt;:i Zﬂl;;plz s;)llluglonbls} aspirateq into the AAS instrument, where it passes through a
o io- peierscntering the flame or graphite furnace. The hollow cathode

Data Analysis and Reporting

Calculation of Iron Concentration:

The iron concentration in the laterite soil sample is calculated based on the absorbance
measured by the AAS instrument and the calibration curve established from the standard
solutions. Results are typically reported in units of weight/volume (e.g., mg/L) or
weight/weight (e.g.. mg/kg) depending on the dilution factor and sample preparation method.

Quality Control and Assurance:
Quality control measures, such as running blank and standard reference materials, are
implemented to ensure the accuracy and precision of the AAS analysis. Instrument
performance is monitored through regular calibration checks and maintenance to maintain data

integrity and reliability.
Atomic Absorption Spectroscopy (AAS) is a robust and widely utilized method fon: quamtifyin g
iron and other trace metals in laterite soil samples. By -accurately detelrmm.‘m% thc 'l;m.]
toncentration, AAS analysis provides valuable information for a.ssessu}g :m. textln' ut}i
énvironmental impact, and suitability for various applications. Tl;e: fietm:?\leilct?n l[l:;_?:: l:::l;
in thig i ecise measurement of iron pres . soil,
o' dostment enfhleds IS LR Le Al agriculture, and environmental

gy 7 : ; h,
contributing to informed decision-making 1n tcscarc
Management,
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41, WEIGHT MEAST R!CT\IICN'I' (KG)
Result
S.NO.

| WEIGHTS OF i
[kg;l(,HTs OF BRICKS MEASURED |

[ Brick1 V 7_—ﬁ—h\_'_\‘765\7 s
| Brick2 3 —E\N
[ IZI':a:kT—_—‘_E‘“\M
I ’__i————_—‘__—"“—&‘____
f Brick4 s i e il o S|

||L7WM
L— .
Table. No. 4. Weight measurement of bricks

Discussion

The weight of br. icks is a crucial consideration in construction as it impacts the structural
integrity, load-bearing capacity, durability, thermal performance, and acoustic properties of
buildings and structures. The bricks were tested in the Public Work Department (PWD)

which is suitable for construction purpose and was approved by the employee of the PWD.
Five representative bricks were prepared whose weights were

4.2. COMPRESSIVE STRENGTH (KG/CM2)

Result

S.NO. COMPRESSIVE ~ STRENGTH  OF |
BRICKS MEASURED (kg/cm?)

Brick | 59.37

Brick2 48.58

Table. No. 5. Compressive strength of bricks

Discussion

The compressive strength of the bricks were tested at the Public .Wu‘;-k l)c:p;u‘-nm-n! located in
Raipur Chhattisgarh . The compressive strength of bricks is essential for ensuring the structural

S
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Figure 16: Comparison of compressive strength with other brick

43. WATER ABSORPTION OF BRICKS

Result

5 @
e 1l ving

' Was found 1oy he

then the

MEASURED IN PERCENTAGE (%)

WATER ABSORPTION OF BRICKS |

22

21

22

20

23

Table, No. 6. Water absorption test of bricks
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4.4. XRD ANALYSIS OF LATERITE SAMPLE

Result
MINERALS J
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Figure 18: XRD graph
Discussion

The XRD analysis of the laterite soil was performed at the lab of school chemical science of
Goa University. XRD analysis of soil plays a crucial role in the making of bricks by providing
valuable insights into mineral composition, clay content, particle size distribution, mineral
transformations during firing, and quality control. This information guides the selection of raw
materials, formulation of brick mixes, optimization of firing processes, and ultimately, the

production of high-quality bricks with desired properties.

I SOIL (AAS METHOD)

45 DETERMINATION OF IRON IN LATERIT
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rable. No. 8. Determination of iron jp laterite g0
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Ili.wnssiun

”‘"""“”"il.“ﬂn % PC{‘CC‘I]lagc of iron in laterite soil is essent

s c:?lflljll’*hl"g ILs stabilization properjes ez‘:ﬁntlf_’l for assessing its suitability for
snderstanding firing behaviour, and ensuring qvalr‘t;/ co "l_ncmlg brlf_-'k strength and durability,
This test was PCI’fOl:mcd at the laboratory of chemjgty d n rOI in brlc_k production processes.
University, located in Raipur, Chhattisgarh, Y department of Pt. Ravishankar Shukla
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secondly, the utilization of agricultural ang industrial by-products such as ri

coconut shell ash presents significant environmental benefits. By r(;pu oi?nncteh ey
materials, we can reduce their environmental impact and alleviate waste rr?laﬁa gem;::3 iSanSIf
Furthermore, the use of alternative materials in brick manufacturing can help rfitigate ca-rlllazr;
emissions associated with traditional brick production processes, thus promoting sustainable
development in the construction sector.

Thirdly, in terms of economic aspect and comfort,

The individual weight of the brick being 30gms lesser than the conventional brick it will result
in cost reduction of any proposed structure either in the case of load bearing structure or frame
slucture in the case framed structure, the load per running meter of bricks would be 1.5kg

lesser per layer of running meter for 2.5 height of the wall.

Another very important property is because of its inherent relatively extra porosit.y it would
behave as a good insulator for cooling of the walls, thereby making the room relatively more

comfortable,
Due to the porosity of the brick the load imposed on the beam decreases by 1.5kgs/r m the

Proportionate decrease by 1.5kgsx2.5(height)=3.75kgs/r m
The Joad decrease will have no implication (i.e increase or decrease) to the slab.
y 3.75kgs /r m the Moment of resistance

Vi the dead load of the masonary has decreased b d appreciably for longer spans since it's

"ill also decrease nominally for small beam spans an

Cleulated using the formula MR= WxIxI/2. T
mns and thereafter to the footings/spreac

beams this will proportionately decrease
also decreasing the MR (moment ot
WA

IA 50 the load will transfer from the beams to the colu
;'”"dulinn and since there is a decrease in load (© lhtt:
" Over]] load on the footings/foundation thereby
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