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ABSTACT

This research investigates the suitability of cow bone ash (CBA) as a partial replacement
for ordinary Portland cement (OPC) in concrete production, with the aim of reducing
cement consumption, lowering environmental impact, and promoting sustainable waste
management practices in Nigeria. Cow bones, which constitute a major agricultural
waste product, were processed into ash through controlled calcination and evaluated for
their potential pozzolanic contribution in concrete. The study focused on assessing the
effects of varying percentages of CBA on the fresh and hardened properties of concrete,

particularly particle size distribution, workability, strength development, and durability.

To achieve the objectives of the study, concrete mixes were prepared using a nominal
mix ratio of 1:2:4 and a constant water—cement ratio of 0.50. Cow bone ash was used to
partially replace cement at replacement levels of 0%, 5%, 10%, 15%, 20%, and 25% by
weight. Laboratory tests were conducted in accordance with relevant British and ASTM
standards. These tests included sieve analysis to determine particle size distribution,
slump test to assess workability, compressive and flexural strength tests at curing ages of
7, 14, and 28 days, and water absorption tests to evaluate durability characteristics.

The results showed that concrete containing 5-10% cow bone ash exhibited improved
performance compared to the control mix. At these replacement levels, improved particle
packing and additional calcium silicate hydrate (C-S—H) formation led to enhanced
strength and reduced water absorption. However, workability decreased with increasing
CBA content due to higher water demand, and replacement levels above 15% resulted in
reduced strength and increased water absorption caused by higher porosity and unreacted
ash particles. In conclusion, cow bone ash can be effectively used as a supplementary
cementitious material at replacement levels of up to 10-15%, offering an
environmentally friendly and cost-effective alternative to conventional cement in

concrete production.
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CHAPTER ONE

INTRODUCTION

1.1 Background of study

Concrete, a composite construction material, has played an indispensable role in shaping built
environments throughout human history. It is formed through the mixture of cementitious
binders, fine and coarse aggregates (such as sand and granite), and water, resulting in a
hardened mass through a process known as hydration. This hydration reaction between water
and cementitious compounds (primarily calcium silicates) forms a dense matrix of calcium
silicate hydrate (C-S-H), the primary source of strength in hardened concrete. Because of its
compressive strength, adaptability, and ease of use, concrete remains the most widely

produced and consumed man-made material globally.

The use of cementitious materials in construction dates back to ancient civilizations. As early
as 6500 BC, the Nabataean traders in present-day Syria and Jordan developed early forms of
concrete-like mixtures using lime and aggregates to construct dwellings, floors, and water-
retaining structures. By 700 BC, the benefits of hydraulic lime, which could set and harden
under water, were being exploited to create waterproof cisterns and durable foundations

(Marusin, 1996).

The Romans significantly advanced concrete technology with their discovery of pozzolanic
cement, a blend of volcanic ash (pozzolana) and lime. This mixture resulted in a hydraulic
binder capable of setting in wet conditions, a revolutionary advancement that allowed for the
construction of complex infrastructure such as the Pantheon, aqueducts, baths, and marine
harbors. These structures, many of which still stand today, owe their resilience to the

pozzolanic reactions that produced a durable C-S-H gel matrix. Remarkably, Roman marine



concrete demonstrated self-healing properties, where interaction with seawater continued to

strengthen the matrix through long-term crystallization (Jackson et al., 2014).

After the fall of the Roman Empire, concrete technology declined during the medieval period
and saw limited innovation until the Industrial Revolution. A turning point occurred in 1824
when Joseph Aspdin, an English bricklayer, patented Portland cement a manufactured binder
created by calcining a mixture of limestone and clay. Named for its resemblance to the high-
quality Portland stone, this invention marked the beginning of modern cement production
(Lea, 1970). Portland cement quickly became the global standard due to its superior

performance and compatibility with a wide range of aggregates.

The origins of concrete can be traced back thousands of years, making it one of the oldest
known construction materials. As early as 2600 BCE, the ancient Egyptians utilized a
rudimentary form of mortar, a mixture of gypsum and lime to bind stones in the construction
of monumental structures such as the Great Pyramids of Giza (Davidovits, 1987). While their
methods laid important groundwork, it was the Romans who revolutionized building
practices with the development of hydraulic cement. They discovered that mixing volcanic
ash (pozzolana) with lime and water resulted in a material that could harden underwater,
giving rise to what is now known as Roman concrete. This innovation enabled the
construction of architectural marvels such as the Pantheon, Roman aqueducts, and the
Colosseum, many of which have withstood centuries of environmental wear and seismic

activity (Lancaster, 2005).

Following the decline of the Roman Empire, the knowledge of advanced concrete
construction was largely lost, and its use diminished during the Middle Ages. It wasn’t until
the Industrial Revolution that concrete technology was rediscovered and significantly

improved. A pivotal milestone was reached in 1824, when Joseph Aspdin, an English mason,



patented Portland cement, named for its resemblance to the high-quality stone quarried from
Portland, England. This material, produced by calcining limestone and clay, became the

cornerstone of modern concrete (Lea, 1970).

Subsequent advancements further transformed the material's applications. In the mid-19th
century, Joseph Monier, a French gardener, developed reinforced concrete by embedding iron
meshes into concrete planters, dramatically improving the tensile strength of the product.
Around the same period, Frangois Coignet expanded upon this idea by using metal
reinforcements in larger structural applications, thus laying the foundation for modern

reinforced concrete design (Billington, 1983).

In light of these developments, the focus has increasingly shifted toward sustainable
construction practices, especially in the face of climate change and the depletion of natural
resources. Cement, which is a key component of concrete, is responsible for a significant
portion of anthropogenic CO: emissions. As a result, partial or total replacement of cement
using alternative binders such as agricultural waste ashes (e.g., cow bone ash, rice husk ash,
palm kernel shell ash) is being investigated globally. These alternatives not only help reduce
environmental pollution by reusing waste products but also mitigate the environmental

impact of cement production.

In Nigeria and most other developing countries, the expense of cement has been the major
limiting factor in the implementation of construction projects, especially in the context of
low-cost housing and public infrastructure. A 50kg bag of cement is still the highest single
cost item in making concrete, which constitutes a large percentage of the overall cost of
construction. Furthermore, global cement production is increasing at around 3% annually
(Oluigbo et al., 2010), producing over 4.1 billion tons, globally in 2021. All this massive

output comes with an enormous environmental cost: for every ton of cement that is



manufactured, nearly one ton of CO: enters the atmosphere (McCaffey, 2002). In fact, the
cement industry alone contributes about 7% of global carbon dioxide emissions, which is
among the largest industrial sources of greenhouse gases (Oluigbo et al., 2010). With these
economic and environmental issues, there is a critical need to look for alternative sustainable

solutions that can reduce cement consumption without compromising concrete quality.

Materials such as cow bone ash (CBA), providing not only technical benefits in strength and
durability but also environmental and economic advantages, especially in regions where such

agricultural and animal wastes are abundant.

Among the promising approaches is partial cement substitution with supplementary
cementitious materials (SCMs) from industrial wastes or agricultural waste products. Among
such materials that have been extensively studied for such substitution are fly ash, rice husk
ash, ground granulated blast furnace slag (GGBS), and corn cob ash. But another very
feasible though untapped material is cow bone ash (CBA), waste product of Nigeria's thriving
livestock business. CBA is produced by calcining cattle bones in high temperatures (typically
between 600-800°C), with the result of a fine powder that contains large amounts of calcium
phosphate (Cas(POa)2 and silica (SiO2)) main compounds having pozzolanic activity when
incorporated into cement (Oladele et al., 2015). When combined with water and cement,
CBA reacts with calcium hydroxide (a cement hydration by-product) to form additional

calcium silicate hydrate (C-S-H) gel, the primary binding phase in concrete.

The reaction not only adds strength and durability but also reduces permeability and long-
term performance. This research therefore intends to investigate the partial replacement of
cement with cow bone ash in the manufacture of concrete considering its workability,

compressive strength, and economic viability. The findings will conform to sustainable



building practices in solving the twin problems of rising cost of cement and environmental

degradation.

1.2 Statement of problem

Concrete is a critical material in the development of infrastructure, and cement is its most
essential binding component. However, the continuous increase in the price of cement has
become a major constraint to affordable construction in Nigeria. As one of the most
expensive ingredients in concrete production, the cost of cement significantly inflates the
overall expenditure on housing, roads, and other infrastructure projects. This has created a
persistent barrier to sustainable development, particularly in low-income and rural

communities that urgently need cost-effective building solutions.

In addition to economic concerns, the production of cement has a profound environmental
impact. The manufacturing process is highly energy-intensive and contributes substantially to
greenhouse gas emissions. Globally, cement production is responsible for approximately 7—
8% of total carbon dioxide (CO:) emissions, a figure that continues to rise with increasing
urbanization. In Nigeria, where demand for infrastructure is rapidly growing, cement usage is

expected to increase accordingly, which will further intensify environmental pressures.

Simultaneously, another significant environmental issue facing Nigeria is the large-scale
disposal of animal bones, especially cow bones, which are a byproduct of the country’s
thriving livestock and meat processing industry. These bones are often discarded
indiscriminately in open environments or landfill sites, contributing to environmental
degradation, foul odors, and potential health hazards. Despite being rich in calcium-based
compounds with pozzolanic properties, cow bones remain largely underutilized as a resource

in the construction sector.



The core problem addressed in this study lies at the intersection of these economic and
environmental challenges. There is a growing need to identify sustainable, low-cost, and
locally available materials that can reduce the dependency on cement, lower carbon
emissions, and provide an environmentally sound solution for bone waste management. The
partial replacement of cement with cow bone ash (CBA) offers a promising alternative, yet

limited research has been conducted on its effectiveness in the Nigerian context.

This research seeks to fill that knowledge gap by investigating the performance of concrete
produced with varying proportions of cow bone ash as a partial substitute for cement. The
aim is to evaluate its potential to reduce the cost of construction materials, improve
sustainability, and support eco-friendly waste management practices within Nigeria’s

construction industry.

This research seeks to fill the existing knowledge gap arising from the limited studies on the
use of cow bone ash (CBA) as a supplementary cementitious material, particularly within the
Nigerian construction context. While other agricultural wastes such as rice husk ash and palm
kernel shell ash have been widely explored, CBA remains underutilized and insufficiently
researched, especially regarding its processing conditions, structural performance, and
economic feasibility in local applications. This study investigates the performance of concrete
produced with varying proportions of cow bone ash as a partial substitute for cement. The
aim is to evaluate its potential to reduce the cost of construction materials, improve
sustainability, and support eco-friendly waste management practices within Nigeria's

construction industry.

1.3 Aim and objectives

The aim of this project is to investigate the suitability of cow bone ash (CBA) as a partial

replacement for cement in concrete production, with the objective of reducing construction



costs, minimizing carbon dioxide (CO:) emissions, and promoting sustainable management

of cow bone waste in Nigeria.

The objectives of this work are as follows

1. To determine the chemical composition and pozzolanic activity of cow bone ash
(CBA) used as a partial replacement in concrete production

2. To determine the setting time of concrete made with partial replacement of cow bone
ash (CBA)

3. Determination of the particle size distribution of both fine and coarse aggregates and
cow bone ash used in the experiment

4. Determination of the workability of the concrete made with cement and concrete
made with 5-25% with interval of 5% replacement of cement with cow bone ash
(CBA)

5. Determination of the compressive and flexural strength of concrete with 0%
replacement of cement and those that are partially replaced with cement.

6. To compare the compressive and flexural strength of the concrete made from cement
and those made from partially replaced cement.

7. To determine the durability of various replacement level using water durability test

1.4 Scope of the study

This study is focused on the experimental investigation of the effects of partially replacing
ordinary Portland cement (OPC) with cow bone ash (CBA) in concrete production. The
concrete will be produced using a standard mix ratio of 1:2:4 for cement, fine aggregates, and
coarse aggregates respectively, and a constant water-cement ratio of 0.5 to maintain
consistency across all mix designs. Cow bones will be sourced from local abattoirs within

Nigeria and will undergo thorough cleaning to remove all organic impurities. The bones will



then be dried and calcined at controlled temperatures ranging between 600°C and 800°C in a
muffle furnace within the Civil Engineering Laboratory to ensure the complete

transformation of the bones into fine ash with pozzolanic properties.

The resulting CBA will be ground to a fine powder, passing through a 75-micron sieve to
achieve a consistency suitable for blending with cement. The study will involve replacing
cement with CBA at various percentages by weight, specifically at 0% (control), 5%, 10%,
15%, 20%, and 25%. Each mix will be prepared using consistent batching and mixing
procedures, followed by casting into standard 100mm x 100mm x 100mm concrete cube
molds. The samples will be cured in water under standard conditions and tested for key
properties including slump (to assess workability), setting time, density, specific gravity, and

compressive strength at 7, 14, and 28 days of curing.

All experimental activities, ranging from bone processing to concrete mixing, casting, curing,
and testing, will be conducted in the Civil Engineering Laboratory to ensure accuracy, safety,
and compliance with standard testing procedures. The outcomes of this study will be used to
evaluate the structural performance and sustainability of concrete incorporating CBA and to
determine its viability as a low-cost, environmentally friendly supplementary cementitious
material for Nigerian construction practices. While the study evaluates the performance of
cow bone ash as a partial cement replacement, it is limited to laboratory-based conditions and
short-term curing ages (7, 14, and 28 days). Long-term durability tests such as sulfate attack
resistance and chloride ion penetration were not conducted. Additionally, the findings are
specific to cow bones sourced from abattoirs in Benin City, Nigeria, and may vary in

different bone types, geographic sources, or calcination conditions are used.



1.5 Justification of study

This study was undertaken in response to the rising cost of construction materials,
particularly cement, with the aim of exploring more affordable and sustainable alternatives.
By partially replacing cement with cow bone ash (CBA), this research addresses both
economic and environmental challenges. The use of these agricultural wastes not only
reduces the overall cost of construction but also mitigates the environmental hazards
associated with CO: emissions from cement production, this approach provides a safe and
eco-friendly means of managing waste materials like cow bone ash(CBA), which otherwise
pose risks to environmental hygiene. Ultimately, the study promotes the development of
sustainable construction practices and contributes to a more environmentally beneficial and

economically viable building industry.



CHAPETER TWO

LITERATURE REVIEW

2.1 Past related works

The increasing environmental impact of traditional construction practices has led to a global
push for the adoption of sustainable materials and eco-friendly methods. The concrete
industry, in particular, is recognized as one of the largest contributors to environmental
degradation due to its high consumption of raw materials and the emission of large volumes
of greenhouse gases. Cement production, a key component of concrete, is especially
problematic. It is a highly energy-intensive process that accounts for approximately 8% of
global CO: emissions (Mehta & Monteiro, 2014). This has prompted a growing body of
research aimed at reducing the environmental footprint of cement-based construction

materials.

In response, significant attention has been directed toward the use of industrial and
agricultural byproducts as partial replacements for cement in concrete production. These
materials, which are often discarded as waste and pose environmental management
challenges, can be repurposed into valuable resources. This strategy aligns with the principles
of sustainable development and the circular economy by minimizing waste and conserving

natural resources (Naik, 2008).

Among the various alternative materials explored, cow bone ash (CBA) has emerged as a
promising candidate. Cow bones, a byproduct of the meat and food processing industry, are
typically disposed of in landfills or incinerated, contributing to environmental pollution.

However, when properly processed through calcination at temperatures ranging from 600°C
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to 800°C, these bones yield a fine ash that is rich in calcium oxide (Ca0O), a major component

also found in cement (Olusola et al., 2012).

The chemical composition of CBA, particularly its calcium and phosphate content, allows it
to exhibit pozzolanic behavior when mixed with Portland cement. Pozzolanic materials react
with the calcium hydroxide released during cement hydration to form additional calcium
silicate hydrate (C-S-H), which is responsible for the strength and durability of concrete
(Akinyele & Olaleye, 2015). As such, CBA has the potential not only to replace a portion of

cement but also to enhance the performance characteristics of the resulting concrete.

Experimental studies have investigated various replacement levels of cement with CBA,
typically ranging from 5% to 25% by weight. Research by (Falade et al. 2011) indicated that
a replacement level of up to 15% resulted in compressive strengths comparable to those of
conventional concrete, while higher percentages led to a reduction in strength due to the
dilution of cementitious compounds, this is due to the difference in calcination temperatures,
particle fineness or the mineral compositon of locally sourced bones could explain this
variances. Similarly, Oyenuga et al. (2019) found that CBA-modified concrete exhibited
improved durability characteristics such as reduced permeability by 18% and enhanced
resistance to chemical attacks, such as sulfate resistance by 12% which are critical for long-

term structural integrity.

Furthermore, the adoption of CBA in concrete production offers significant environmental
and economic advantages. The use of locally available cow bones as a raw material reduces
the demand for cement and decreases the energy consumption and CO: emissions associated
with cement production (Ettu et al., 2013). In addition, the reuse of animal waste helps
address waste management issues in agricultural and urban regions, providing a cost-effective

and environmentally responsible alternative to traditional construction materials.

11



In conclusion, the partial replacement of cement with cow bone ash holds great promise as a
sustainable solution for concrete production. Its pozzolanic properties, combined with
environmental benefits and economic feasibility, make it a suitable candidate for use in both
structural and non-structural applications. Continued research is needed to optimize
processing conditions, establish appropriate mix ratios, and develop standards to guide its

widespread adoption in the construction industry.

2.2 Concrete

Concrete is one of the most widely used construction materials globally, valued for its
strength, versatility, and durability. In the field of civil engineering, concrete is defined as a
composite material primarily made up of three essential components: cement, aggregates
(such as sand, gravel, or crushed stone), and water. When combined, these materials undergo
a chemical reaction known as hydration, during which the cement forms a hardened matrix

that binds the aggregates together into a solid mass.

concrete can also serve as a sustainable construction material when traditional cement is
partially replaced with agricultural waste ashes such as cow bone ash, coconut husk ash, corn
cob ash, and peanut shell ash. These alternative binders can reduce the environmental impact

of cement production while maintaining acceptable concrete performance.

Overall, concrete is not merely a combination of basic materials, it is an engineered product
whose performance can be modified through careful selection of mix proportions and the
inclusion of supplementary materials. Its adaptability, strength, and longevity have made it

the foundation of modern infrastructure.

Concrete is a widely used construction material composed of several key constituents, each

contributing to its structural integrity and performance. The fundamental materials used in

12



concrete production include cement as the primary binder, fine aggregates such as natural
sand, coarse aggregates like crushed granite or gravel, and water. These components are
mixed in specific proportions to form a plastic mass that hardens over time through a
chemical reaction known as hydration, in which cement reacts with water to form a strong,

cohesive matrix that binds the aggregates together (Neville, 2011).

Concrete, as a composite material, exhibits several desirable properties that make it suitable
for structural and non-structural applications. These include high compressive strength, good
fire resistance, durability, versatility, and relative affordability compared to alternative
materials (Gambhir, 2013). However, concrete also has some limitations, such as low tensile
strength, brittleness, and susceptibility to cracking, which are often addressed through

reinforcement and mix modification.

The physical and chemical characteristics of the individual materials used in concrete
production greatly influence these properties. For instance, the quality of aggregates, such as
their size, shape, texture, and mineral composition, affects the workability, density, and
strength of the final mix. Aggregates with rough surfaces and angular shapes typically
improve the mechanical interlock between particles, leading to higher strength, while

rounded particles enhance workability (Shetty, 2005).

PRODUCTION OF CONCRETE

BATCHING OF AGGREGATES

Batching of aggregates can be done in two ways

Batching by weight

Batching by volume

13



Batching by weight

Cement is measured by weight because its density can vary depending on how it is packed. It
is typically measured in bags, with one standard bag weighing 50 kg and having an

approximate volume of 35 litres (0.035 m3).

Batching by volume

Aggregates are measured by volume using a gauge box. During batching, the gauge box is
completely filled with aggregate, and the excess is leveled off with a straight edge to ensure

accuracy. The size of the gauge box used depends on the specific mix ratio required.

Concrete mixes

According to British Standard 5328, a variety of concrete mix classifications are specified to
meet different construction needs. Among these are the "ordinary prescribed mixes," which
are designed for general structural and non-structural building applications, such as
foundations, floor slabs, and other routine construction tasks. These prescribed mixes are
recommended as replacements for the older, more traditional nominal volume mixes like
1:3:6, which have been commonly used in the past. The shift from nominal mixes to

prescribed mixes ensures more consistent and reliable concrete strength and durability.

Concrete is typically composed of four main ingredients: cement, fine aggregate (usually
sand), coarse aggregate (such as gravel or crushed stone), and water. The fine and coarse
aggregates not only help reduce the overall cost of concrete but also play an important role in
minimizing shrinkage during the curing process. Shrinkage can lead to cracking, which
compromises the integrity of the structure, so the appropriate use of aggregates is crucial. The

selection of aggregates largely depends on the intended application and required thickness of

14



the final concrete product. For example, finer aggregates might be chosen for smoother

finishes or thinner elements, while coarser ones are preferred in load-bearing components.

In addition to the British standards, the Indian Standard IS 456:2000 also classifies concrete
into a range of grades based on their compressive strength. These grades are labeled as M10,
M15, M20, M25, M30, M35, and M40. In this nomenclature, "M" stands for "mix," and the
accompanying number refers to the characteristic compressive strength of the concrete after

28 days of curing, measured in Newtons per square millimeter (N/mm?).

Each grade corresponds to an approximate mix ratio. For example, M10 roughly corresponds
to a mix ratio of 1:3:6 (cement : sand : aggregate), M15 to 1:2:4, M20 to 1:1.5:3, and M25 to
1:1:2. These ratios are intended to give a general idea of the mix composition but may be
adjusted based on specific project requirements and environmental conditions. The higher the
grade, the stronger and more durable the concrete, making higher-grade mixes suitable for

structural components subjected to greater loads and stress.

2.3 Binders

Binders are finely powdered materials that, when mixed with water, form a paste capable of
binding other components such as aggregates and reinforcing steel. This paste undergoes a
chemical reaction known as hydration, which causes it to harden over time. The hydration
process begins almost immediately after water is introduced and continues at varying rates
depending on several factors, including the specific characteristics of the binder, the type and
quantity of admixtures used, the water-to-cement ratio, and the environmental conditions

during placement and curing.
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Although there are various types of cement available for different applications, Ordinary
Portland Cement (OPC) remains the most commonly used binder in modern concrete

production due to its reliable performance and availability.

2.4 Cement

Cement is a widely used binding agent, typically in the form of a fine, powdery material
produced by the calcination of limestone and clay. When mixed with water, it undergoes a
chemical transformation that causes it to harden and bind other materials together, forming a

strong, cohesive mass (Civil Engineering Materials, 2007).

Cements used in the construction industry are generally classified into two categories:
hydraulic and non-hydraulic. The distinction lies in their ability to set and harden in the
presence of water. Non-hydraulic cements require dry conditions to set, as they react with
carbon dioxide from the air rather than water. Because of this, they are unsuitable for
underwater or consistently damp environments and are also more vulnerable to chemical

degradation after setting.

2.4.1 Portland Cement

Portland cement is the most widely used type of cement globally and serves as a key
ingredient in the production of concrete, mortar, stucco, and standard grout. It was first
developed in the early 1800s by Joseph Aspdin in England, who derived it from earlier forms
of hydraulic lime. The primary raw material for Portland cement is limestone, which is
combined with clay minerals and then subjected to high temperatures in a kiln to produce
clinker. The clinker is subsequently ground into a fine powder, and 2—-3% of gypsum is added
to regulate the setting time of the final product. Among the various types of Portland cement,

the most commonly used is Ordinary Portland Cement (OPC).

16



The name Portland cement originates from its resemblance to a type of natural stone known
as Portland stone, which was quarried on the Isle of Portland in Dorset, England. Though
Joseph Aspdin secured a patent for the product in 1824, it was his son, William Aspdin, who
is often credited with developing what we now recognize as modern Portland cement in the

1840s through improvements in production methods (Courland, 2011).

2.4.1.1 Composition of Portland cement

According to the ASTM C150 standard, Portland cement is classified as a hydraulic cement,
meaning it is capable of setting and hardening in the presence of water. It is produced by
finely grinding clinker, which is primarily composed of hydraulic calcium silicates. These
clinkers typically include one or more forms of calcium sulfate, which are added during

grinding to help regulate the setting time of the cement.

The European Standard EN 197-1 defines Portland cement clinker as a hydraulic material
composed of at least two-thirds by mass of calcium silicates, specifically tricalcium silicate
(3Ca0-Si02) and dicalcium silicate (2Ca0-Si02). The remaining content consists of
aluminium-based and iron-based compounds, along with other minor constituents. A critical
requirement of the standard is that the ratio of calcium oxide (CaO) to silicon dioxide (Si0O2)
must not be less than 2.0, and the content of magnesium oxide (MgO) should be limited to

5.0% by mass to maintain performance and durability (Dylan, 2014).

Typically, clinkers make up over 90% of Portland cement by mass. The remaining portion
includes a small quantity of calcium sulfate (CaSOa.), which serves to control the setting

process, and up to 5% of minor components or fillers, as permitted by international standards.

Clinkers are formed as small, hard nodules, ranging in size from 5.1 to 25.4 mm (0.2 to 1.0

inch), through a sintering process. This occurs when a carefully proportioned raw mix is

17



heated to extremely high temperatures, typically exceeding 1,300°C (2,370°F). At these
temperatures, a key chemical transformation takes place: belite (Ca:SiO4) reacts with
additional calcium oxide (CaO) to form alite (CasSiOs). This reaction is fundamental to
distinguishing Portland cement from other forms of hydraulic lime and contributes

significantly to the cement’s strength and durability (Dylan, 2014).

2.4.1.2 Classes of Portland Cement

a. Ordinary Portland Cement (OPC)

Ordinary Portland Cement is produced by heating a blend of calcareous, siliceous, and
argillaceous materials to approximately 1450°C. The resulting clinker is then finely ground
into a powder. This is the standard form of cement used in general construction, including the
present study. It is classified into grades based on compressive strength: Grade 33, Grade 43,

Grade 53.

b. Portland Pozzolana Cement (PPC)

This type of cement is manufactured by incorporating around 30% pozzolanic material, such
as fly ash or calcined clay, into OPC clinker. The mixture is finely ground to create a
homogeneous cement. PPC offers improved resistance to chemical attacks and is particularly

suited for marine and hydraulic structures.

c. Super Sulphated Cement

Comprising approximately 80-85% granulated blast furnace slag, 10-15% calcium sulfate,
and only 1-2% Portland cement, this variety is finely ground to produce a cement with
superior resistance to sulfate attack. It is ideal for use in aggressive environments such as

sewage treatment plants and coastal structures.
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d. Rapid Hardening Cement

Designed for projects requiring early strength gain, this cement contains a higher proportion
of tricalcium silicate (CsS) and is more finely ground than OPC. It has a fineness value of
325 kg/cm?, exceeding that of standard OPC, which enables it to achieve high strength in a

shorter time.

e. Portland Slag Cement

This cement is made by grinding together Portland cement clinker, gypsum, and granulated
blast furnace slag. The addition of slag enhances the durability and sulfate resistance of the

cement, making it suitable for mass concreting and marine applications.

f. Coloured Cement.

White cement is a variation of OPC distinguished by its white appearance, achieved by
minimizing iron oxide content during production. Its physical properties are similar to those
of standard OPC. It is mainly used for aesthetic and decorative purposes, such as in terrazzo

flooring, surface finishes, and architectural applications.

g. Rediset Cement:

Developed for rapid repair applications such as roadways and pavements, Rediset Cement
was introduced by the Portland Cement Association (PCA) in the USA and later replicated in
India by Associated Cement Company (ACC) under the name Radiset Cement. This cement
sets and gains strength in a matter of hours, making it suitable for time-sensitive projects.

Unlike high alumina cement, it performs better under hot and humid conditions.

19



2.4.1.3 Manufacture of Portland Cement

Portland cement is produced by carefully blending a specific ratio of raw materials, primarily
limestone, clay or shale, and small quantities of iron ore and bauxite, vdand subjecting the
mixture to high-temperature heating in a rotary kiln at approximately 1450°C (Civil
Engineering Materials, 2007). This process transforms the raw components into clinker,

which is then ground into the fine powder recognized as Portland cement.

The manufacturing process can be broken down into several key stages:

a) Raw Material Preparation

Initially, the raw materials undergo crushing, mixing, and homogenization to ensure
uniformity in chemical composition. The mixture must be finely ground to facilitate complete

chemical reactions during the heating process.

b) Calcination and Clinker Formation

The blended raw materials are fed into a rotary kiln, where they are exposed to progressively

increasing temperatures. In the Kiln:

Limestone (CaCOs) undergoes calcination around 1000°C, releasing carbon dioxide and

forming calcium oxide (CaO):

CaCOs (1000°C ) — CaO + CO: (2.1)

Clay minerals contribute silica (SiO:), alumina (Al2Os), and iron oxide (Fe:0s3), which

combine with CaO at high temperatures (1450°C) to form key clinker compounds:

Clay (1450°C) — SiO» + ALOs + Fe;0s + HO» (2.2)
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Iron ore and bauxite serve as sources of additional iron and aluminium oxides, promoting the

formation of these compounds at lower energy costs.

c) Clinker Cooling and Grinding

The clinker, which is formed as solid nodules (typically 5-25 mm in diameter), is then cooled
and finely ground in ball mills. During grinding, approximately 3-5% of gypsum

(CaS0s4-2H20) is added to regulate the setting time and hardening rate of the final cement.

d) Final Product Characteristics

The resulting Portland cement powder is extremely fine, with particle sizes ranging between
2 um and 50 pm. The fineness of cement is critical as it influences the rate of hydration and
strength development. A commonly used method to quantify fineness is the Blaine air

permeability test, which measures the specific surface area of the particles.

2.5 Hydration of Cement

The setting and hardening of concrete occur due to a series of chemical and physical
interactions between Portland cement and water, a process known as hydration.
Understanding the hydration mechanism is essential in order to comprehend how cement

gains strength and how concrete behaves under various conditions.

a) Hydration Reactions of Individual Cement Compounds

Although cement is a complex blend of various chemical components, one common way to
study hydration is to observe how each compound reacts independently with water. While in
reality these reactions occur simultaneously and interactively, analyzing them separately

helps clarify their roles in the overall hydration process.
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i) Calcium Silicates

The two main calcium silicates in Portland cement Tricalcium silicate (CsS) and Dicalcium
silicate (C2S) undergo hydration reactions that produce similar chemical compounds. The
primary difference between them lies in the amount of heat released, the speed of the

reaction, and the volume of calcium hydroxide (CH) formed.

Hydration of CsS:
2C3S + 7H — C3S2H4 + 3C (2.3)
Hydration of C.S:
2C2S + 5H — C3S2H4 + CH (2.4)

The main product formed from both reactions is calcium silicate hydrate (C-S-H), which is a
non-crystalline, gel-like substance that acts as the binding agent in concrete. It is sometimes
referred to as “glue gel” due to its binding properties. C-S-H is considered the most critical

component responsible for concrete's strength.

Another important byproduct is calcium hydroxide (CH), a crystalline substance that
increases the pH of the concrete environment to around 12 or higher, which is beneficial for

protecting embedded steel from corrosion.

ii) Tricalcium Aluminate (CsA)

The reactivity of CsA with water is extremely fast and, if uncontrolled, can result in what is
known as flash set a sudden stiffening of the mix shortly after water is added. This condition

makes it impossible to properly place or finish the concrete.
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Without gypsum:

C3A + 6H — C3AH6 (2.5)

With gypsum (calcium sulfate, CSH>):

C3A +3CSH2+ 26H —C6AS3H32 (2.6)

The reaction between CsA and gypsum leads to the formation of ettringite (CsASsHsz), a
crystalline compound that forms a protective layer around CsA, slowing down its hydration.
This delay prevents flash set and allows sufficient working time for the concrete. While
ettringite plays a role in the early stiffening and initial strength development of the mix, it is
not stable over time. Eventually, it transforms into monosulphate (CASHis) as hydration

continues.

b) Reaction Rates and Reactivity

The speed at which different cement compounds hydrate varies, particularly within the first

few days after mixing. The general order of reactivity is:

C3A > C3S > CAAF > C2SC 2.7)

This ranking highlights that CsA reacts the fastest, followed by CsS, then tetracalcium
aluminoferrite (CsAF), and finally C.S, which is the slowest. Understanding these rates is
important for controlling the setting time and predicting the early strength development of

concrete.

2.6 Basic tests of Portland cement

a). Fineness (surface area / weight): This test determines the average size of cement grains.
The typical value of fineness is 350 m2 / kg. Fineness controls the rate and completeness of
hydration. The finer a cement, the more rapidly it reacts, the higher the
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rate of heat evolution and the higher the early strength.b). Normal consistency test: This test
is to determine the water required to achieve a desired plasticity state (called normal
consistency) of cement paste. It is obtained with the Vicat apparatus by measuring the

penetration of a loaded needle.

c). Time of setting: This test is to determine the time required for cement paste to harden.

Initial set cannot be too early due to the requirement of mixing, conveying, placing and

casting. Final set cannot be too late owing to the requirement of strength development.

Time of setting is measured by Vicat apparatus. Initial setting time is defined as the time at
which the needle penetrates 25 mm into cement paste. Final setting time is the time at which

the needle does not sink visibly into the cement paste.

d). Soundness: Unsoundness in cement paste refers to excessive volume change after setting.

Unsoundness in cement is caused by the slow hydration of MgO or free lime.

Their reactions are

MgO + H.0O = Mg(OHy and CaO + H.O = Ca(OH) .

Another factor that can cause unsoundness is the delayed formation of ettringite after cement
and concrete have hardened. The pressure from crystal growth will lead to cracking and
damage. The soundness of the cement must be tested by accelerated methods. An example is
the Le Chatelier test (BS 4550)1978. This test is to measure the potential for volumetric
change of cement paste. Another method is called Autoclave Expansion test (ASTM C151)

1940 which use an autoclave to increase the temperature to accelerate the process.

e). Strength: The strength of cement is measured on mortar specimens made of cement and

standard sand (silica). Compression test is carried out on a 2" cube with S/C ratio of 2.75:1
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and w/c ratio of 0.5 for Portland cements. The specimens are tested wet, using a loading rate
at which the specimen will fail in 20 to 80 s. The direct tensile test is carried out on a
specimen shaped like a oo. The load is applied through specifically designed grips. Flexural

strength is measured on a 40 x 40 x 160 mm prism beam test under a canter-point bending.

f). Heat of hydration test. (BS 4550: Part 3: Section 3.8 and ASTM C186). Cement hydration
is a heat releasing process. The heat of hydration is usually defined as the amount of heat
evolved during the setting and hardening at a given temperature measured in J/g. The
experiment is called heat of solution method. Basically, the heat of solution of dry cement is
compared to the heats of solution of separate portion of the cement that have been partially
hydrated for 7 and 28 days. The heat of hydration is then the difference between the heats of
solution of dry and partially hydrated cements for the appropriate hydration period. This test
is usually done on Type Il and IV cements only, because they are used when heat of
hydration is an important concern. Excessive heating may lead to cracking in massive

concrete structure.

2.7 Aggregates

In construction and civil engineering, aggregates refer to a broad category of granular
materials that are mixed with binding substances such as cement, bitumen, lime, or gypsum
to form concrete or mortar. These materials serve as the filler component, providing the
finished product with essential properties such as volume, structural strength, stability, and
resistance to wear and erosion. Aggregates not only enhance the performance of concrete but
also help in reducing the overall cost, as they are less expensive than cement and other

binding agents.

There are various types of aggregates used in construction, including natural materials like

sand, gravel (also known as pebbles), and crushed stones, as well as industrial by-products
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such as crushed blast furnace slag, burned clay, boiler ash (or clinkers), and burned shale.
These materials are commonly categorized based on their particle size into fine aggregates

and coarse aggregates.

The selection of aggregate type and size plays a crucial role in the performance of concrete,
affecting not only its workability when fresh but also its strength, durability, density, and
overall quality once hardened. Therefore, aggregates are a fundamental component in
concrete production, contributing significantly to both its physical properties and economic

value. (Britannica, 2016).

2.7.1 Fine aggregates (sand)

Fine aggregate refers to natural sand that has been properly washed and sieved to eliminate
particles larger than 5 mm in diameter. When used in appropriate proportions, fine aggregates
contribute to the production of concrete with minimal voids, leading to a denser mix and
reducing the quantity of cement an expensive component required for achieving adequate
strength. Coarse-grained fine aggregates may include natural sand, crushed stone sand, or

crushed gravel stone dust.

To ensure quality concrete, the fine aggregate should be hard, durable, chemically stable, and
clean. It must be free from organic materials and should not contain significant amounts of
clay lumps, mica, decaying plant matter, salts, alkalis, or other potentially harmful
substances. The aggregate must pass through a 4.75 mm Indian Standard (IS) sieve. Its
fineness modulus should range between 2.50 and 3.50, and the silt content must not exceed

4%.

2.7.2 Coarse aggregates (granite)
Coarse aggregates refer to granular materials with particle sizes larger than 4.75 mm,

typically ranging between 9.5 mm and 37.5 mm in diameter. These aggregates may be
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derived from three main sources: primary (also known as virgin materials), secondary, or
recycled sources. Primary aggregates are obtained directly from natural sources, either
through land-based extraction or marine dredging. Marine-won gravel is an example of a

coarse aggregate from the sea, while land-won sources include both gravel and crushed stone.

In concrete production, gravel accounts for a significant portion of coarse aggregate usage,
followed closely by crushed rock. One of the most commonly used crushed rocks is granite, a
coarse-grained, light-colored igneous rock formed through the slow cooling and solidification
of magma beneath the Earth’s surface. Granite is primarily made up of quartz and feldspar,
along with smaller quantities of minerals like mica and amphiboles. Its mineral composition
gives it a distinct appearance, often red, pink, gray, or white, with dark specks scattered

throughout.

When granite or similar crushed rock is incorporated into concrete mixtures, it enhances the

overall strength and structural performance of the hardened concrete.

2.8 Pozzolans

Pozzolans are materials rich in silica that can serve as cost-effective substitutes in the
production of concrete or mortar. According to ASTM C618-05, pozzolans are siliceous or
siliceous-and-aluminous substances that, while having little or no inherent cementing ability,
can chemically react with calcium hydroxide in the presence of water to form compounds
with cementitious properties when finely ground. Examples of such materials include

calcined clay, volcanic ash, diatomaceous earth, fly ash, shale, tuff, and pumice.

As identified by (Al-Chaar et al. 2011), pozzolans can be sourced from five main categories:

Natural deposits, often created by volcanic activity, are found in regions like Europe and the

Middle East. These natural pozzolans perform well in concrete exposed to moisture. Fired
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and crushed clay products, such as brick waste, can also act as pozzolans and typically offer
more durability than their volcanic counterparts. Industrial by-products like furnace slag,
especially from steel manufacturing, can be used as pozzolanic materials. Ashes derived from
the combustion of organic matter, coal, or lime are also sources of pozzolans, although they

tend to have lower strength.

Some ancient mortar materials were produced from crushed rocks and sand with pozzolanic

properties, though these are rarely used today.

Because these materials are generally abundant in nature and underutilized, they offer a
promising low-cost option for construction. In fact, some pozzolans can be processed to
exhibit properties similar to those of Portland cement. As a result, it is possible to replace a
substantial portion of cement in a concrete mix with pozzolanic materials. However, the
beneficial effects of the pozzolanic reaction typically become evident at later curing stages,
depending on the activity level of the pozzolan. Initially, pozzolan-blended cement may show
lower strength compared to pure Portland cement, but performance tends to improve over
time. It is often feasible to substitute up to 40% of Portland cement in a mix using one or

more pozzolanic materials.

Using pozzolans can help manage setting time, lower environmental impact, cut production
costs, and enhance the long-term durability of concrete, without significantly compromising
compressive strength or other essential properties. As per ASTM C618-05 standards, any
pozzolan intended for use as a binder in concrete must contain at least 70% combined silica,

alumina, and ferric oxide, along with a minimum of 5% sulfur trioxide (SO3).
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Cow bone as a pozzolans

Recent studies have revealed that Cow Bone Ash (CBA) is a promising pozzolanic material
that can be effectively used as a partial replacement for ordinary Portland cement in concrete
and mortar production. The utilization of CBA not only offers a means of reducing the
environmental impact associated with cement manufacturing, but also provides a beneficial
use for animal waste, particularly cow bones, which are typically discarded as refuse. To
obtain the ash, cow bones are first cleaned thoroughly to remove impurities, then dried, and
subsequently calcined at high temperatures, usually between 600°C and 800°C. After
calcination, the resulting ash is ground into a fine powder, which can then be used in concrete

mixes.

The pozzolanic properties of Cow Bone Ash are largely due to its chemical composition.
Analytical studies have shown that CBA contains significant quantities of reactive oxides,
especially calcium oxide (Ca0O), silicon dioxide (SiO2), aluminum oxide (Al0s), and ferric
oxide (Fe20s).studies indicates that calcining at 700°C to 800°C enhances pozzolanic activity
by improving ash fineness and increasing reactive CaO content, but excessive temperatures
greater than 900°C may lead to recrystallization and reduced reactivity. When introduced into
a cementitious matrix, these oxides react with calcium hydroxide, a by-product of cement
hydration to form additional calcium silicate hydrate (C-S-H), which is the principal binding
compound in concrete. This secondary hydration reaction contributes to improved strength,

reduced porosity, and enhanced durability of the concrete over time.

In practical applications, CBA can be used to replace cement in varying proportions, typically
ranging from 5% to 25% by weight, depending on the desired strength and performance
characteristics of the concrete. Lower replacement levels are often used in structural concrete

to ensure strength requirements are met, while higher levels may be suitable for non-load
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bearing applications or where long-term durability is a priority. Notably, the addition of CBA
also helps mitigate the environmental effects of cement production by reducing carbon

dioxide emissions and promoting sustainable construction practices.

Moreover, the physical characteristics of Cow Bone Ash resemble those of other hard-burned
pozzolanic materials like pulverized fuel ash (fly ash), which are known to produce dense and
durable concrete with low permeability. This is in contrast to softer pozzolans, such as brick
dust obtained from clay bricks fired at temperatures below 950°C, which tend to yield
mortars that are more flexible and permeable. Thus, CBA, due to its hard-burned nature and
high reactivity, behaves similarly to fly ash in producing stronger and more durable

cementitious materials.

Classification of Pozzolans

Pozzolanic materials, including Cow Bone Ash, are generally grouped into two major

categories based on their origin and production process:

2.8.1 (i) Industry-based Pozzolans:

These are pozzolanic materials derived as by-products or processed residues from industrial
and agricultural operations. They usually require some degree of processing, such as burning
and grinding, before they can be used in concrete. Common examples of industry-based
pozzolans include fly ash (a by-product of coal combustion), ground granulated blast furnace
slag (a by-product of steel production), rice husk ash (from the burning of rice husks), corn
cob ash, and cow bone ash. Cow Bone Ash falls squarely into this category, as it is obtained
through the thermal treatment of cow bones an agricultural waste product thus offering an

eco-friendly solution to both waste management and construction material production.
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2.8.2 (ii) Natural-based Pozzolans:

These consist of naturally occurring substances that exhibit pozzolanic activity without
requiring extensive processing. Typical examples include volcanic ash, pumice,
diatomaceous earth, and other volcanic-origin materials. These natural pozzolans have been
used historically in ancient construction practices and continue to be relevant today,

particularly in regions where such materials are abundant.

By incorporating Cow Bone Ash into cementitious systems, it is possible to achieve a more
sustainable and environmentally responsible approach to concrete production. This not only
supports the global drive toward reducing the carbon footprint of the construction industry
but also adds value to agricultural waste products, making it a win-win solution for both

environmental protection and resource efficiency.

Compressive Strength of Cow Bone Ash Cement/Concrete

Several researchers have studied the impact of Cow Bone Ash (CBA) on the compressive
strength of concrete. Oladele et al. (2015) reported that replacing Ordinary Portland Cement
(OPC) with up to 10% CBA improved compressive strength at both 7 and 28 days, attributing
the increase to the formation of additional calcium silicate hydrate (C-S-H) through
pozzolanic activity. However, replacement levels exceeding 15-20% generally resulted in

strength reduction due to dilution of the cementitious content.

Similarly, Adewuyi and Adegoke (2008) observed that 5-15% CBA replacement led to better
strength gain, especially at later curing ages (28 to 90 days). At higher levels (25-30%), the
strength gain slowed significantly, suggesting limited pozzolanic contribution relative to the
reduction in OPC content. These findings support the conclusion that moderate CBA
replacement can enhance long-term compressive strength, while excessive substitution may

compromise structural integrity.
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Workability of Cow Bone Ash Cement/Concrete

CBA incorporation tends to reduce concrete workability. Due to its fine particle size and high
surface area, CBA increases water demand, leading to stiffer mixes. Oyetola and Abdullahi
(2006) observed a steady decline in slump values as CBA content increased. This implies
reduced plasticity, making the mix more difficult to handle without additional water or

chemical admixtures.

Ettu et al. (2013) found that replacing more than 10% of OPC with CBA significantly
affected workability, recommending the use of plasticizers or superplasticizers for mixes
above this threshold. Despite reduced workability, the improved particle packing may benefit

the hardened concrete structure, especially when proper mix adjustments are made.

Water Absorption Properties of CBA Concrete

Water absorption, a critical indicator of porosity and durability, has also been investigated.
Isaac et al. (2017) found that concrete containing up to 10% CBA demonstrated lower water
absorption compared to conventional concrete, due to densification from additional C-S-H

formation. This enhanced microstructure limits void connectivity, reducing water ingress.

However, replacement beyond 20% often led to higher water absorption, likely due to
incomplete pozzolanic reactions and unreacted ash particles. Ayeni and Joel (2019)
recommended maintaining CBA content within 10-15% for optimal durability and water

resistance in concrete.

Setting Time of CBA Concrete

CBA has a marked influence on setting time. According to Akinyele et al. (2016),
incorporating CBA delays both initial and final setting times. This is attributed to its
relatively low lime content and slower pozzolanic reaction compared to OPC. Extended
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setting time may be advantageous for hot climates or large pours, providing more time for

placing and finishing.

However, excessive delays may hinder project timelines or result in cold joints. Therefore,
optimal replacement levels or the use of accelerators is advised where rapid strength gain is

essential.

Despite promising findings, several gaps exist in current research:

a. Regional Limitations: Most studies are geographically limited (e.g., South-West Nigeria),

and results may not apply to bones sourced or processed elsewhere.

b. Calcination Variability: Differences in calcination temperature, time, and bone type lead to

inconsistent ash properties and performance outcomes.

c. Long-Term Durability: Few studies investigate performance beyond 90 days, leaving

uncertainty about shrinkage, sulfate resistance, and carbonation over time.

d. Field-Scale Applications: Most investigations are lab-based; there is limited evidence on

real-world performance or construction feasibility.

This research intends to fill these identified gaps by conducting a comprehensive
experimental investigation into the partial replacement of ordinary Portland cement with cow
bone ash in concrete. The study evaluates multiple replacement levels (0-25%) while
maintaining constant mix proportions and curing conditions. Key properties such as particle
size distribution, workability, setting time, compressive strength, flexural strength, and water
absorption are examined using standardized test procedures. By focusing on locally available
materials and controlled processing conditions, this research provides reliable data relevant to

Nigerian construction practices.
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Overall, this study contributes to existing knowledge by establishing an optimum replacement
level for cow bone ash, assessing its suitability as a sustainable cement substitute, and
promoting effective waste management of cow bones. The findings support the development
of cost-effective, environmentally friendly concrete for structural and non-structural

applications in Nigeria.
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CHAPTER THREE

METHODOLOGY

3.1 An overview of the methodology

This chapter presents the methodological framework adopted for this research. The study is
experimental and laboratory-based, designed to evaluate the effect of Cow Bone Ash (CBA)
on the mechanical and durability properties of concrete. The methodology focuses on
comparing conventional concrete with mixes containing different percentages of CBA as a
partial replacement for cement. All procedures related to material selection, batching, mixing,
casting, curing, and testing will follow relevant British Standard specifications. Each phase of
the methodology is structured to address the research objectives concerning workability,

strength, durability, and the chemical and physical characteristics of Cow Bone Ash.

3.2 Materials

The key materials utilized in this research include, Ordinary Portland Cement (OPC), Cow
Bone Ash (CBA), fine aggregates, coarse aggregates, and water. These materials were
selected based on their availability, relevance to the research objectives, and ability to meet
standard engineering requirements for concrete production. All materials were sourced

locally to reflect practical construction conditions and ensure consistency in testing outcomes.

3.2.1 Cement

Ordinary Portland Cement (OPC) of strength class 42.5 was used in this study. The cement is
classified in accordance with Nigerian Industrial Standard NIS 444-1:2014 and conforms to
BS EN 197-1, which specifies the composition, specifications, and conformity criteria for

common cements.
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The cement was sourced from reputable suppliers in Ugbowo, Benin City, and served as the
primary binder in the concrete mixes. To ensure uniformity and reliability of results, the same

cement brand and batch were used throughout the experimental program.

3.2.2 Aggregates

In this research, River sand was used as fine aggregate, it was obtained from local sources to
replicate practical construction conditions. The maximum size of fine aggregates was limited
to 5 mm, conforming to ASTM C33 /EN 12620,1921.while the coarse aggregate was crushed
granite with a maximum aggregate size of 20 mm conforming to ASTM C33 /EN

12620,1921.

Before being incorporated into the concrete mix, the physical properties of the aggregates,
such as particle size distribution, specific gravity, water absorption, and aggregate crushing
value were carefully evaluated following standard procedures to ensure suitability and

uniformity across all test samples.

3.2.3 Water

Clean, potable tap water was used for all concrete mixing and curing operations in this study.
The water conformed to the standards specified in ASTM C1602,1987. which outlines the
requirements for mixing and curing water in concrete production. This standard ensures that
the water used does not contain harmful amounts of impurities such as chlorides, sulfates,
alkalis, or organic matter that could negatively affect the setting time, strength development,

or durability of the concrete.

By using water that meets these quality requirements, the study ensured consistency,

reliability, and accuracy in the production and testing of concrete containing cow bone ash.

36



3.2.4 Cow Bone Ash (CBA)

Raw cow bones were sourced from local abattoirs and meat processing facilities in Benin
City, Edo State, Nigeria. Proper hygiene and handling procedures were followed during
collection to prevent contamination. The bones were selected based on freshness and absence

of excessive organic matter or decay.

Processing of Cow Bones into Ash

Cow bones are first collected and prepared to ensure they are suitable for processing into cow
bone ash (CBA). The bones are sourced from abattoirs or slaughterhouses, where they are
carefully selected to remove contaminants such as flesh, fat, blood, and connective tissues.
This cleaning stage is crucial because residual organic matter can interfere with later thermal
treatment. The bones are thoroughly washed with clean water and, in many cases, soaked or
boiled to further eliminate fats and proteins. After washing, the bones are sun-dried or oven-

dried to reduce moisture content and improve combustion efficiency during calcination.

The dry bones are then subjected to thermal treatment (calcination) to convert them into ash.
This process is carried out in a furnace, kiln, or controlled open burning environment. The
bones are heated at high temperatures, typically between 600°C and 900°C, for several hours.
At these temperatures, all remaining organic components are burnt off, leaving behind
inorganic mineral constituents such as calcium oxide, calcium phosphate, and other oxides.
Proper temperature control is essential to ensure complete combustion without excessive

sintering, which could reduce the reactivity of the resulting ash.

After calcination, the burnt bones are allowed to cool naturally to room temperature to
prevent rapid thermal shock, which could alter the physical properties of the ash. Once
cooled, the calcined bones are manually crushed using a mortar and pestle or mechanically

ground using a ball mill or grinding machine. Grinding continues until a fine powder is
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obtained, as finer particles improve uniformity and enhance pozzolanic or cementitious

behavior when used as a partial cement replacement.

Finally, the ground cow bone ash is sieved to achieve a consistent particle size suitable for
concrete production. Standard sieves, such as a 75 um sieve, are commonly used to ensure
compatibility with cement particles. Oversized particles retained on the sieve are reground
until they pass through. The processed cow bone ash is then stored in airtight containers to
prevent moisture absorption and carbonation before use. This final product is ready for
laboratory testing and incorporation into concrete mixes as a supplementary cementitious

material.

Aggregate Crushing Value (ACV)

The Aggregate Crushing Value (ACV) test is used to evaluate the resistance of coarse
aggregates to crushing under a gradually applied compressive load. It provides an indication
of the aggregate’s mechanical strength, which is critical when producing concrete containing

supplementary cementitious materials like Cow Bone Ash.

i. Standard Test Sieves.

ii. Weighing balance.

lii. cylindrical mould and plunger.

iv. Tamping rod with a rounded end.

v. Measuring cylinder.

vi. Oven.

vii. Compression testing machine.
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Testing Procedure for ACV

Aggregates passing through a 14 mm sieve and retained on a 10 mm sieve were first selected
for the test. The selected aggregates were then oven-dried at a temperature of 100°C to 110°C
for a period of two hours to remove moisture. After drying, the samples were allowed to cool

to room temperature before testing.

The dried aggregate was placed into a cylindrical mould in three equal layers, with each layer
compacted by applying 25 strokes using the rounded end of a tamping rod. After compaction,
the top surface of the aggregate was carefully leveled. The total mass of the prepared sample

was then measured and recorded as Weight A.

The mould containing the compacted aggregate was positioned in the aggregate crushing
value testing apparatus, and the plunger was inserted so that it rested horizontally on the
surface of the aggregate sample. A compressive load was applied gradually using a
compression testing machine, ensuring that the full test load was reached uniformly over a

period of 10 minutes.

Upon completion of loading, the crushed aggregate sample was removed from the mould and
sieved through a 2.36 mm sieve. The fraction passing through the sieve was collected and
weighed, and this mass was recorded as Weight B. The Aggregate Crushing Value (ACV)
was then calculated using the standard formula based on the ratio of the weight of fines

produced to the original weight of the sample.

Weight of Aggregate Passing 2.36mm Sieve

ACV = x 100%

Total weight of thee Sample Aggregate
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Aggregate Impact Value (AlV)

The Aggregate Impact Value (AlV) test is conducted to determine the toughness or resistance
of coarse aggregates to sudden shocks or impact loads. This property is particularly important
in assessing the performance of aggregates in concrete mixes incorporating supplementary
cementitious materials such as Cow Bone Ash (CBA). Aggregates with lower impact values
are generally more resistant to impact forces and are therefore more suitable for use in

structural concrete.

Apparatus

i. Standard test sieves (14 mm and 10 mm).

ii. Weighing balance.

iii. Cylindrical steel cup, base plate, and tamping rod.

iv. Impact testing machine fitted with a hammer of 13.5-14.0 kg.

v. Measuring cylinder.

vi. Oven.

Testing Procedure for AlV

Aggregates passing through a 14 mm sieve and retained on a 10 mm sieve were selected for
the impact value test. The selected aggregates were oven-dried at a temperature of 100°C to
110°C for five hours to remove all moisture, after which they were allowed to cool naturally

to room temperature before testing.

The dried aggregates were placed into the cylindrical cup of the aggregate impact testing

machine in three equal layers. Each layer was compacted with 25 strokes using the rounded
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end of a tamping rod to ensure uniform packing. After filling, the top surface was carefully

leveled, and the mass of the prepared sample was measured and recorded as Weight A.

The test was carried out by allowing the hammer of the impact testing machine to fall freely
from a height of 380 mm onto the aggregate surface. This impact was repeated 15 times at
approximately one-second intervals, causing the aggregates to fracture due to repeated

sudden loading.

After completion of the impacts, the sample was removed from the cup and sieved through a
2.36 mm sieve to separate the fines generated during the test. The material passing through
the sieve was collected and weighed as Weight B. The Aggregate Impact Value (AlV) was
then calculated as the percentage ratio of Weight B to Weight A, providing a measure of the

aggregate’s resistance to sudden impact.

3.3 Mix design and proportioning

3.3.1 Mix Proportioning Method

The mix design was conducted in accordance with the British Standard method (BS EN 206),
ensuring that the concrete met the required standards for strength, workability, and durability.
The concrete mix was proportioned to attain a characteristic compressive strength of 15 MPa
at 28 days, corresponding to M15 grade concrete as defined in BS EN 206. This grade of
concrete is commonly used for non-structural and lightly loaded applications, such as

blinding concrete, pathways, and simple foundations.

3.3.2 Water-Cement Ratio

A constant water-to-cement ratio (w/cm) of 0.50 was maintained across all mix batches to

ensure consistency in hydration and strength development.
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3.3.3 Mix Ratio

The mix was proportioned based on a standard nominal ratio of 1:2:4 (cement : fine

aggregate : coarse aggregate), commonly used for normal-strength concrete.

3.3.4 CBA Replacement Levels

Seven different concrete mixes were prepared to evaluate the effects of partially replacing
cement with Cow Bone Ash (CBA). Replacement levels were selected based on existing

literature and experimental studies:

3.3.5 Batching

All materials (cement, CBA, fine aggregate, coarse aggregate, water and cow ash) were
batched by weight using a digital weighing scale for accuracy. Aggregates were in Saturated

Surface Dry condition before batching.

3.3.6 Mixing Procedure

Concrete was mixed using a tilting drum mixer to ensure uniform distribution of materials.

And the mixing process was done for 2-3 minutes to achieve a homogeneous mix.

3.3.7 Specimen preparation

For the purpose of testing the mechanical properties of concrete containing Cow Bone Ash

(CBA), different specimen types were prepared according to relevant international standards.

Concrete cubes measuring 100 mm x 100 mm x 100 mm were cast for the compressive
strength tests in accordance with BS EN 12390-3. To assess flexural strength, concrete beam

specimens of dimensions 100 mm x 100 mm x 500 mm were also cast.
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All specimens were compacted using a vibrating table during casting to ensure uniform

density and to eliminate entrapped air that could affect test results.

After 24 hours, the specimens were carefully demolded and immediately placed in a water
curing tank maintained at a temperature of 20 £ 2°C. The specimens remained submerged
until the scheduled testing ages of 7, 14, and 28 days, in line with the procedures outlined in

BS EN 12390-2 and ASTM C192 for standard curing of concrete test specimens

3.4 Testing procedure

3.4.1 Particle Size Distribution (Sieve Analysis) of Cow Bone Ash

Sieve analysis was carried out to determine the particle size distribution of Cow Bone Ash
(CBA). This test is essential to assess the fineness and grading of the ash, which directly
influences its reactivity, workability, and blending efficiency when used as a partial
replacement for cement. A well-graded and finely ground CBA ensures better dispersion
within the mix, enhances the packing density, and improves the mechanical performance of

the concrete. The analysis was performed according to the guidelines of BS EN 933-1:1997.

Apparatus Used for CBA Sieve Analysis

i. Standard set of sieves (including the 75 pm sieve)

ii. Digital weighing balance

iii. Drying oven

iv. Steel tray

v. Fine brushes

vi. Measuring scoop
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Procedure for Sieve Analysis of CBA

A representative sample of the prepared Cow Bone Ash was taken and oven-dried at a
controlled temperature to ensure all moisture was removed. The dried ash was then carefully
passed through a series of standard sieves, arranged in descending order of mesh size, down

to 75 microns, to determine the particle size distribution.

Each sieve retained a portion of the ash, which was weighed individually, and the data was
used to compute the cumulative percentage passing through each sieve. These values were
then used to plot a particle size distribution (grading) curve, which helped in evaluating the

fineness modulus and uniformity of the ash.

3.4.2 Slump Test

The slump test was conducted to assess the workability and consistency of the fresh concrete
mixes. This test was performed following the procedures outlined in BS EN 12350-2 and
ASTM C143. A slump cone was filled in three layers, each tamped 25 times with a standard
tamping rod. The cone was then lifted vertically, and the decrease in height of the concrete
(slump) was measured. This value indicates the concrete’s flowability and ease of placement.
Variations in slump values helped assess how CBA content influenced the workability of the

mix. This test helps assess:

a. The mobility of concrete.

b. The suitability of a concrete mix for the specific structural application or placement

conditions.

c. The impact of Cow Bone Ash (CBA), when used as a partial replacement of cement, on the

fresh properties of concrete.
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i Slump Cone.

ii. Base Plate.

iii. Tamping Rod.

iv. Measuring Scale or Ruler.

v. Freshly Mixed Concrete:

The test is performed immediately after mixing and before initial setting occurs.

Procedure for slump test

The slump test was carried out using a standard slump mould with internal diameters of 100
mm at the top and 200 mm at the bottom, and a height of 300 mm. Before commencing the
test, the inner surface of the slump cone and the base plate were thoroughly dampened to
prevent moisture loss and to avoid the concrete sticking to the mould. The cone was then
placed vertically on the base plate and held firmly in position to ensure it remained stable and

did not move during the filling process.

Fresh concrete was placed into the slump cone in three approximately equal layers, each
occupying about one-third of the cone’s height. After placing each layer, it was compacted
with 25 strokes of a standard tamping rod. The strokes were applied uniformly across the

cross-section to ensure proper compaction and eliminate air voids within the concrete.

Once the final layer had been placed and compacted, the excess concrete was struck off flush
with the top of the mould using the tamping rod to achieve a level surface. The slump cone
was then carefully lifted vertically upward in a smooth and steady motion, allowing the

concrete to subside freely under its own weight.
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After the cone was removed, the slump of the concrete was determined by measuring the
vertical distance between the height of the slump cone and the highest point of the slumped
concrete using a measuring tape. This measured value represented the slump and was used as

an indication of the workability of the concrete mix.

3.4.3 Setting Time

Setting time refers to the amount of time it takes for a freshly mixed cement or concrete paste
to transition from a fluid, plastic state to a rigid, solid state. This transformation is primarily a
result of the hydration reaction between cement and water, where various chemical
compounds in the cement begin to react and harden over time. The setting process is essential
for the practical handling, placing, compaction, and finishing of concrete during construction

operations.

The initial and final setting times of the cement paste (or mortar) containing various
percentages of Cow Bone Ash were determined using a Vicat apparatus, in line with BS EN
196-3 and ASTM C191 standards. In this test, a standard needle is used to penetrate a sample
of the paste at regular intervals until resistance to penetration reaches the standard limits. This
test is essential because pozzolanic materials like CBA may delay or accelerate setting, which

impacts construction scheduling and structural performance.

The setting process is generally categorized into two main stages:

i. The initial setting

This refers to the period from the moment water is first added to the cement or cementitious
material until the paste begins to lose its plasticity and becomes stiff enough to resist

noticeable deformation. At this stage, the cement paste can no longer flow freely or be
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worked easily. Several standardized tests are used to determine this setting behavior, with the

aim of ensuring proper handling time and performance of cement in construction works.

One of the most commonly used methods is the Vicat needle test, which is conducted in
accordance with standards such as ASTM C191 or BS EN 196-3. In this test, cement paste of
standard consistency is prepared and placed in a Vicat mould. A needle of specified
dimensions is allowed to penetrate the paste at regular time intervals. The initial setting time
is recorded when the needle penetrates only to a depth of about 5 £ 1 mm from the bottom of

the mould, indicating that the paste has begun to stiffen.

Additionally, practical observations such as loss of workability tests using slump or flow
table measurements can provide indirect indications of initial setting. Although these methods
are not as precise as the Vicat or penetration resistance tests, they are useful for monitoring
setting behavior on site. Together, these tests help engineers assess the suitability of cement
for specific construction operations and ensure adequate time for mixing, placing, and

finishing.Initial Setting Time

ii. Final Setting Time

This is the elapsed time from water addition to the point where the cement paste or mortar
becomes firm and hard enough to bear a certain level of pressure without deformation or
penetration. In practical terms, this is when the material has undergone significant hydration

and gained a degree of structural rigidity. This test helps assess:

a. Determining the handling time of fresh concrete made with cow bone ash.

b. Ensuring there’s enough time for mixing, transporting, placing, and finishing before

hardening starts.
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c. Monitoring whether Cow Bone Ash (CBA) affects the rate of cement hydration and hence

the setting behavior.

Apparatus and Materials

I. Vicat Apparatus.

ii. Mould.

iii. Weighing Balance.

iv. Stopwatch.

Procedure for setting time

The Vicat test was conducted by first placing the Vicat mould on a clean, non-porous base
plate to ensure a stable and uniform testing surface. Fresh cement paste was then poured into
the mould without any compaction, allowing it to settle naturally. The top surface of the paste

was carefully leveled to achieve a smooth and even finish.

Immediately after water was added to the cement, a stopwatch was started to accurately
monitor the setting time. The Vicat needle was then gently lowered vertically into the paste,
allowing it to penetrate under its own weight. This procedure was carried out carefully to

avoid any disturbance to the paste.

At regular time intervals, the penetration test was repeated to observe changes in the stiffness
of the paste. The initial setting time was recorded when the needle failed to penetrate beyond

5 mm from the bottom of the mould, indicating that the paste had begun to lose its plasticity.

The final setting time was determined when the Vicat needle no longer penetrated the paste

and left only a slight impression on the surface. This condition signified that the cement paste
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had completely lost its plasticity and had developed sufficient rigidity, marking the

completion of the setting process.

3.4.4 Compressive Strength Test

The compressive strength test is conducted to evaluate the maximum compressive load that a
concrete specimen (usually a cube or cylinder) can sustain before failure. It is one of the most
important mechanical tests in concrete technology because compressive strength is often

considered the principal measure of concrete quality. This test helps in:

a. Assessing the load-bearing capacity of concrete.

b. Evaluating how cement replacement with Cow Bone Ash (CBA) affects the performance

of concrete.

i. Compression Testing Machine.

ii. Standard Cube Molds.

iii. Weighing Balance:

iv. Curing Tank.

v. Tamping Rod.

Procedure for compressive test

The concrete mix was prepared according to the specified mix ratio, incorporating cow bone
ash (CBA) as a partial replacement for cement at varying percentages such as 0%, 5%, 10%,
up to 25%. The fresh concrete was poured into cube moulds in three equal layers, with each
layer compacted using 25 strokes of a tamping rod to eliminate entrapped air and ensure

uniform density.
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After filling, the top surface of each cube was leveled with a trowel to obtain a smooth finish,
and each specimen was clearly marked according to its corresponding CBA replacement
percentage. The moulded specimens were then left to set for 24 hours in a dry, shaded
environment. After this initial setting period, the concrete cubes were carefully demoulded to

prevent damage.

The demoulded cubes were submerged in clean water within a curing tank for curing periods
of 7, 14, and 28 days. During curing, the water temperature was maintained between 20°C and
25°C in accordance with relevant standards such as BS 1881 or ASTM C39. Upon completion
of the designated curing period, the cubes were removed from the tank and allowed to surface-
dry to remove excess moisture.

Each cube was then placed centrally on the platen of a compression testing machine to ensure
uniform load application. The compressive load was applied gradually and at a constant rate
until failure occurred. The maximum load recorded at the point of failure was used to calculate

and report the compressive strength of the concrete specimen.

C= (3.1)

P

A

Where;

C is the compressive strength N/mm?

P is the maximum load at failure (N) and

A is the cross sectional area (mm?)

3.4.5 Flexural Strength Test

The flexural strength test was conducted to assess the concrete’s capacity to withstand
bending or flexural stresses. This property is especially critical for structural elements such as

beams, slabs, and pavements, which are commonly subjected to tensile forces. The test was
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carried out in accordance with the guidelines provided in BS EN 12390-5:2009, which

specifies the standard method for determining the flexural strength of hardened concrete.

Specimen Preparation

Concrete used for the flexural strength test was prepared and cast in prismatic molds
measuring 100 mm x 100 mm x 500 mm. The freshly mixed concrete was poured into the
molds in successive layers and properly compacted either manually using a tamping rod or by
means of a vibrating table to remove entrapped air and ensure uniform density. The primary
objective of this test was to compare the flexural performance of the control concrete
(without CBA) with that of concrete mixes containing various percentages of cow bone ash
(CBA), thereby assessing the effect of CBA on the tensile strength and flexural behavior of
the material. After casting, the specimens were covered to minimize moisture loss and were
demolded after 24 hours. Subsequently, they were cured in water maintained at

approximately 20°C until the specified testing ages of 7, 14, and 28 days.

Apparatus for Flexural Strength Test

i. Flexural testing machine

ii. concrete molds (100 mm x 100 mm x 500 mm)

iii. Metallic base plate

iv. Tamping rod and trowel

Each concrete beam specimen was positioned horizontally on two support rollers, with a clear
span of 400 mm between the supports to represent a simply supported beam condition. Proper
alignment was ensured so that the beam rested evenly on the supports and load transfer was

uniform during testing.
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Flexural loading was applied using the two-point loading method, with the loads placed at
one-third of the span from each end of the beam. This arrangement produced a constant
bending moment in the central region of the beam, allowing an accurate assessment of its
flexural performance. The load was applied gradually and uniformly through the testing

machine to avoid shock loading.

Loading was continued until the beam specimen failed, and the maximum load at failure was
recorded directly from the testing machine’s display. This recorded value was then used to
determine the flexural strength of each beam specimen using the appropriate standard

formula.

_F.L
s (3.2)

Where:

f= flexural strength (N/mm?)

F = maximum load applied (N)

L= span length between supports (mm)

b = width of specimen (mm)

d = depth of specimen (mm)

3.4.6 Water Absorption Test

The water absorption test was conducted to evaluate the porosity and permeability
characteristics of hardened concrete, which are important indicators of durability, especially

in terms of resistance to moisture penetration and chemical attack. This property helps assess
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how well the concrete can withstand long-term environmental exposure. The test was carried

out in accordance with the procedures described in BS 1881-122:2011.

Both the control mix (without CBA) and the CBA-modified concrete mixes were tested to

determine the influence of Cow Bone Ash on the water absorption behavior of concrete.

Specimen Preparation

Concrete cube specimens, 100 mm by 100 mm, were cast for this test. After being cured in
water for 28 days, the specimens were removed and prepared for testing as outlined in the test

procedure.

Apparatus for Water Absorption Test

i. Oven
ii.  Digital weighing balance
iii.  Water tank

iv.  Stopwatch or timer

Experimental Procedure for water absorption test

After 28 days of water curing, the concrete specimens were removed from the curing tank
and placed in an oven at 105°C for 72 hours. This process ensured complete drying of the

specimens and allowed them to reach a constant weight.

Once the specimens were fully dried, they were cooled to room temperature, and their dry
weight was measured and recorded as Wi. This weight represented the mass of the specimens

in a completely dry state.

The dried specimens were then fully immersed in clean water at room temperature for a

period of 24 hours to allow them to absorb water and reach a saturated condition.
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After the immersion period, any excess surface water was gently wiped off using a damp
cloth. The specimens were then weighed again to obtain their saturated weight, recorded as

W., which reflects the maximum water absorption capacity of the concrete.

The water absorption (%) was calculated using the formula:

Water Absorption (%) 2% x 100

Where:

Wi = Oven-dry weight (g)

W: = Weight after immersion (g)

An average of three specimens per mix was used to ensure accuracy and consistency of

results across different concrete batches.

3.5 Data Analysis

All experimental results were clearly presented using tables, bar charts, and line graphs,
which were created with the help of Microsoft Excel and spreadsheet software to effectively
highlight trends and relationships between CBA replacement percentages and the
corresponding concrete properties. In addition, a correlation analysis was conducted using the
same software tools to examine the relationships between the characteristics of CBA, such as
its chemical composition, fineness, and calcination temperature and the resulting behavior of

the concrete in terms of strength, durability, and workability.
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CHAPTER FOUR

4.0 RESULTS AND DISSCUSSIONS

4.1 Chemical composition of cow bone ash

Table 4.1 and 4.2 present the detailed results of the chemical composition analysis, showing
the percentage of the various oxides present in both cow bone ash (CBA) and ordinary
Portland cement (OPC). These oxides play a crucial role in determining the pozzolanic
activity and overall performance of the materials when used in concrete production. Table 4.1
contains the experimental data obtained directly from the laboratory tests conducted as part of
this study, reflecting the actual composition of the cow bone ash sample prepared under
controlled conditions. In contrast, Table 4.2 presents corresponding data obtained from
previously published research works, which serve as a basis for comparison and validation of
the present findings. This comparison helps to establish the consistency and reliability of the

chemical characteristics of cow bone ash across different studies.

The chemical analysis revealed that CBA primarily consists of CaO (ranging from 51-76% in
typical compositions), with smaller amounts of phosphorus pentoxide (P-Os, around 5-31%),
SiO2 (2-12%), ALOs (2-16%), and Fe.Os (0.1-1%). This contrasts with OPC, which has
higher SiO: (19-21%), AL:Os (4-5%), and Fe:0s (3%), but similar CaO (65-66%). The sum of
SiO2 + AlOs + Fe20s in CBA is generally below 70% (e.g., 5.68-30.57%), classifying it as
non-pozzolanic or weakly pozzolanic per ASTM C618 standards. However, the high CaO
content contributes to supplementary cementitious behavior, enhancing hydration reactions
and forming additional calcium silicate hydrate (CSH) gels over time. Compared to literature
(e.g., Donald et al., 2011), the CBA composition is consistent, validating its potential as a
sustainable additive. This suggests CBA can improve long-term strength but may not fully

substitute pozzolans like rice husk ash in high-reactivity applications
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Table 4.1: chemical composition of oxides in cow bone as CBA

MINERAL CHEMICAL PERCENTAGE
COMPOSITION COMPOSITION CONCENTRATION
Silicon Dioxide Si02 65.90
Manganese(ll) oxide MnO 0.07

Chromium (111) oxide Cr203 0.02

Iron (111) oxide Fe203 2.09

Aluminium oxide Al203 19.92

Titanium Dioxide TiO2 7.36

Chlorine Cl 1.55

Calcium oxide CaO 151

Sulphur trioxide S03 0.82

Table 4.2: chemical composition of Oxides in OPC

MINERAL CHEMICAL FORMULA PERCENTAGE
COMPOSITION

Calcium oxide CaO 62.00

Iron (I11) oxide Fe203 4.60

Silicon Dioxide Si02 22.00
Aluminium oxide Al203 5.03

Magnesium oxide MgO 2.06

Sodium oxide Na20 0.19

Postassium oxide K20 0.40

Sulphur trioxide SO3 1.43

Others 2.29

Source; Donald et al (2011)

4.2 Specific gravity of CBA and aggregates.

The table below show the result for specific gravity of cow bone ash, fine aggregate and

coarse aggregate
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Table 4.3: Specific Gravity Test For Cow Bone Ash

TEST A B AVERAGE

Weight of Bottle 22.3 23.9 23.10

(W1) (9)

Weight of Bottle 37.0 36.9 36.95
+

Sample (W2) (g)

Weight of Bottle 82.8 83.1 82.95
+Sample +

Water (W3) (g)

Weight of Bottle 73.0 74.1 73.55

+

Sample (W4) (g)

w2-w1
(W4-W1)—(W3-W2)

Specific Gravity =

36.95-23.10

Specific Gravity= (73.55-23.10)—(82.95—36.95)

13.85
50.45-46

Specific Gravity=

Specific Gravity= 3.11
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Table 4.4: Specific Gravity Test Result of Coarse Aggregate

TEST A B C AVERAGE
Weight of Bottle 19.12 19.23 19.08 19.14
(W1)
Weight of Bottle 67.39 67.22 66.86 67.16
+
Sample (W2)
Weight of Bottle 98.96 98.42 98.56 98.65
+Sample +
Water (W3)
Weight of Bottle 68.49 69.39 70.12 69.33
+
Sample (W4)
- o wW2-w1
Specific Gravity = WD Wi w2)
. o 67.16—19.14
Specific Gravity= (69.33-19.14)—(98.65—67.16)
- L 48.02
Specific Gravity= 0193175
Specific Gravity= 2.57
Table 4.5: Specific Gravity Test Result of Fine Aggregate
TEST A B C AVERAGE
Weight of Bottle 18.91 18.79 19.20 18.97
(W1)
Weight of Bottle 59.98 59.93 61.21 60.37

58




+

Sample (W2)
Weight of Bottle 95.42 94.37 95.11 94.97
+Sample +
Water (W3)
Weight of Bottle 69.57 69.42 69.34 67.94
+
Sample (W4)
g . wa2-w1i
Specific Gravity = WD Wi w2)
g . 60.37—18.97
SpECIfIC GraVIty_ (69.94—18.97)—(94.97-60.37)
Specific Gravity= ﬁ

Specific Gravity= 2.88

Discussion of specific gravity of various material

The specific gravity results indicate CBA at 3.11, fine aggregate at 2.88, and coarse aggregate
at 2.57. These values align with typical ranges for construction materials: CBA’s higher
density (compared to literature values of 2.27-3.13) reflects its calcined bone structure,
making it denser than standard pozzolans like fly ash (2.0-2.5). Fine aggregate (sand) at 2.88
falls within the 2.4-3.0 range per ASTM C128, indicating good quality without excessive
porosity. Coarse aggregate (gravel) at 2.57 is also standard (ASTM C127: 2.4-3.0),

suggesting low water absorption potential. Overall, incorporating CBA increases the mix’s
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overall density slightly, which could enhance concrete’s resistance to segregation but requires

adjustments in mix design to maintain workability.

Implications and Comparison with Other Studies

The lower specific gravity of CBA compared to cement aligns with findings from previous
studies on cow bone ash and other supplementary cementitious materials such as eggshell ash
and bone ash. Researchers have reported CBA specific gravity values ranging from 2.3 to 2.7,
which closely agree with the results obtained in this study. The reduction in concrete density
and strength at higher replacement levels can therefore be attributed to the lower density and

dilution effect of CBA in the cement matrix.

4.3 Results of sieve analysis cow bone ash

The sieve analysis of cow bone ash (CBA) was performed in line with BS EN 933-1:2012,
ASTM C136/C136M-19, and IS 2386 (Part 1):1963 to determine its particle size distribution
and suitability as a cement replacement material. This test was conducted to ensure that the
ash obtained after calcining and grinding the cow bones possessed adequate fineness for

effective pozzolanic activity.

The analysis revealed that most CBA particles passed through the 75 um sieve, indicating a
very fine texture comparable to, or finer than, that of ordinary Portland cement. Such fineness
promotes better blending, improved particle packing, and enhanced reactivity with calcium

hydroxide during cement hydration.
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Sieve Analysis (Logarithmic Scale) for Cow Bone Ash
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Figure 4.1: Graph showing the sieve analysis for Cow Bone Ash

Sieve analysis for CBA showed it as a fine powder, with most particles passing through a 75-
90 um sieve, confirming its suitability as a cement replacement due to high fineness. Fine
aggregate grading placed it in Zone Il (per BS 882), with balanced particle distribution for
optimal packing and reduced voids. Coarse aggregate (up to 20 mm) exhibited uniform
grading, ensuring good interlocking. These results imply well-graded materials that
contribute to dense concrete microstructure. However, CBA’s fineness (finer than OPC, with
surface areas around 496-512 m2/kg) increases water demand, potentially affecting
workability if not compensated. Literature comparisons show similar grading curves,
supporting the materials’ compliance with standards and their role in improving mix

cohesion.
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4.4 Results of sieve analysis fine aggregate

The sieve analysis of fine aggregate was conducted following BS EN 933-1:2012, ASTM
C136/C136M-19, and IS 2386 (Part 1):1963 to determine its particle size distribution and

suitability for concrete.

Results showed that most particles passed through the 4.75 mm sieve and were retained on
the 75 pum sieve, falling within the Zone Il grading limits of BS 882:1992. This indicates a

well-graded sand, suitable for producing workable and durable concrete.

The proper gradation of the fine aggregate improves workability, reduces voids, and ensures
better packing density. Similar findings were reported by Neville (2011) and Shetty (2013),

who noted that well-graded sand enhances the overall performance of concrete
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Figure 4.2: Graph showing the sieve analysis for Fine aggregate
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4.5 Results of sieve analysis fine aggregate

The sieve analysis of coarse aggregate was performed in accordance with BS EN 933-1:2012,
ASTM C136/C136M-19, and IS 2386 (Part 1):1963 to determine its particle size distribution

and conformity to grading requirements for concrete production.

The results indicated that the aggregates were well-graded, with most particles retained
between the 20 mm and 4.75 mm sieves, satisfying the grading limits of BS 882:1992 for
coarse aggregate. This gradation ensures good interlocking, reduced void content, and

improved strength in hardened concrete.

Properly graded coarse aggregates enhance workability, strength, and durability, while
minimizing segregation. Similar conclusions were drawn by Neville (2011) and Shetty
(2013), who emphasized that well-graded aggregates contribute to dense and stable concrete

mixes.
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Figure 4.3: Graph showing the sieve analysis for Coarse aggregate
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4.6 Result of slump test

The workability of concrete mixes containing cow bone ash (CBA) as a partial cement
replacement was assessed using the slump test in accordance with BS EN 12350-2:2009,
ASTM C143/C143M-15a, and IS 1199:1959. The test determines the ease of placing and

compacting fresh concrete without segregation.

The slump values obtained for the various concrete mixes are presented in Table 4.9. The
control mix (0% CBA) recorded a slump value of 11 mm, indicating good workability. As the
percentage replacement of cement with cow bone ash increased, the slump values decreased
progressively to 10 mm at 5%, 12 mm at 10%, 9 mm at 15%, 8 mm at 20%, and 6 mm at

25% CBA replacement. This observation agrees with the findings of Oyetola and Abdullahi

(2006) and Ettu et al. (2013), who reported that pozzolanic ashes reduce concrete workability

due to increased surface area and water absorption.

This reduction in slump shows that the incorporation of cow bone ash reduces the workability
of fresh concrete due to its finer particle size and higher water demand. At low replacement
levels (5-10%), the mixes remained workable and cohesive, indicating that moderate CBA
content can be used without adversely affecting performance. Similar trends were reported by
Adewoye et al. (2020) and Mbadike and Elinwa (2011). However, at higher levels, excessive

stiffness and poor compaction may occur if water or admixtures are not adjusted.

4.7 Results of setting time

The setting time test was performed using the Vicat apparatus in accordance with BS EN
196-3:2016 and ASTM C191-19 to determine the initial and final setting times of cement

paste containing various percentages of cow bone ash (CBA). The test evaluates how CBA
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affects the rate of stiffening of cement, which influences handling and finishing during

construction.

The results showed that the setting time increased with higher CBA replacement. The control
mix recorded an average initial setting time of 65 minutes and final setting time of 172
minutes, while mixes containing 10%, 20%, and 25% CBA had average initial setting times
of 86, 97, and above 100 minutes, and final setting times of 282, 406, and 481 minutes,

respectively.

In summary, incorporating cow bone ash prolongs both initial and final setting times,
providing longer workability for concrete placement but potentially delaying strength gain if

the replacement level is excessive.
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Figure 4.4: Bar Chat showing the variation of setting time with different replacement

levels

Setting times increased with CBA content: initial setting from 96-117 minutes (0%) to 168-
186 minutes (15-20%), and final setting from 223-284 minutes (0%) to 405-435 minutes (15-
20%). This delay aligns with BS EN 196-3 limits (initial >45 minutes, final <600 minutes)

and is due to CBA’s slower hydration kinetics from low pozzolanic activity. The presence of
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B-tricalcium phosphate (B-TCP) in CBA contributes to stiffening but retards early setting.
Practically, this allows more working time for placement but may delay formwork removal in
construction. Optimal at 5-10% replacement, where setting times balance efficiency and

performance.

4.7 Results of compressive strength

The compressive strength test was conducted in accordance with BS EN 12390-3:2019 and
ASTM C39/C39M-20 to evaluate the load-bearing capacity of concrete containing cow bone
ash (CBA) as a partial replacement for cement. Concrete cubes of 100 mm x 100 mm x 100
mm were cast, cured in water, and tested at 7, 14, and 28 days using a digital compression

testing machine.

The results showed that compressive strength decreased slightly as the percentage of CBA
increased beyond the optimum level. The control mix (0% CBA) recorded the highest
compressive strength, while mixes with 5%-10% replacement showed comparable or slightly
improved results due to secondary pozzolanic reactions forming additional calcium silicate
hydrate (C-S—H). At higher replacement levels (above 15%), the strength declined, likely due

to the dilution of cementitious content and slower hydration.

At 28 days, the optimum strength was observed at 10% CBA replacement, achieving 27.6
MPa, which is close to or slightly higher than the control mix. This indicates that small
proportions of CBA can effectively enhance strength development while maintaining

structural adequacy.

These findings are consistent with those of Oladele et al. (2015) and Adewuyi and Adegoke
(2008), who also reported that moderate CBA replacement improved compressive strength

through enhanced microstructural densification.
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The compressive strength results show that the control concrete (0% CBA) achieved a 28-day
strength of 20.6 MPa. At 5% CBA replacement, the compressive strength decreased to 19.05

MPa, while 10% replacement recorded the strength of 17.32 MPa.

Beyond this level, a reduction in strength was observed, with 15%, 20%, and 25% CBA

recording strengths of 15.5 MPa, 14.6 MPa, and 12.6 MPa respectively at 28 days.
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Figure 4.5: Bar Chat showing the variation in Compressive strength with different

replacement levels

Compressive strength varied with replacement levels and curing ages, peaking at 5-10% CBA
(e.g., 25-35 MPa at 28 days) before declining at 20-25% (30-40 MPa). Control (0%) achieved
31-40 MPa at 28 days, while 5% CBA showed 11-30% gains at later ages due to secondary

hydration from CaO. This pozzolanic-like effect fills pores, enhancing density. However,
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higher replacements dilute cementitious content, reducing strength (e.g., 20% CBA: 30-40
MPa).Results meet rigid pavement requirements (35-40 MPa at 28 days) up to 20%, implying

cost savings without structural compromise.

4.8 Results of flexural strength test

The flexural strength test was carried out in accordance with BS EN 12390-5:2019 and
ASTM C78/C78M-18 to determine the bending strength of concrete incorporating cow bone
ash (CBA) as a partial replacement for cement. Concrete beam specimens measuring 100 mm
x 100 mm x 500 mm were prepared, cured in water, and tested at 7, 14, and 28 days using a

two-point loading method on a flexural testing machine.

The results indicated that flexural strength increased slightly at lower replacement levels (5—
10%) and then decreased with further addition of CBA. The control mix (0% CBA) recorded
the highest strength, while mixes with 5% and 10% CBA showed comparable results due to
improved bond between paste and aggregates caused by the pozzolanic activity of CBA,
which forms additional C-S—-H gel. Beyond 15% replacement, the reduction in cement

content led to a noticeable decline in flexural performance.

The flexural strength of the control concrete beam (0% CBA) at 28 days was 4.67 MPa.
Concrete with 5% CBA replacement recorded a flexural strength of 4.04 MPa, At 10% CBA
replacement, the flexural strength decreased further to 3.88 MPa,. However, higher
replacement levels resulted in reduced flexural strength 25% CBA, flexural strength values of

3.29 MPa was obtained
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Figure 4.6: Bar Chat showing the variation in Flexural strength with different

replacement levels

Flexural strength followed a similar trend, with optimal values at 5-10% CBA (4.5-5.3 MPa
at 28 days), exceeding control (4-9 MPa) by 8-17%. Increases averaged 13-17% across
curing ages, attributed to improved matrix bonding from CBA’s fine particles. At higher
levels (20-25%), strength decreased due to reduced cohesion. All mixes surpassed minimums
for pavements (3.5-4.0 MPa), highlighting CBA’s role in enhancing tensile resistance for

crack-prone elements like beams.

4.9 Water Absorption Test

The water absorption test was conducted to assess the permeability and overall durability
characteristics of the concrete samples produced with partial replacement of cement by cow
bone ash (CBA). The outcome of the test revealed a general trend indicating variations in the

water absorption capacity of the concrete as the proportion of cow bone ash increase
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The results showed that water absorption increased at lower CBA replacement levels (5—
10%) and then increased with higher replacement percentages. The reduction in absorption at
moderate levels is attributed to improved particle packing and formation of additional C-S—H
gel due to the pozzolanic reaction of CBA, which refines pore structure and reduces
permeability. However, at higher replacements (above 15%), the unreacted ash and reduced
cement content increased porosity, leading to higher absorption values. Mehta, P. K., &

Monteiro, P. J. M. (2014).
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Figure 4.7: Bar Chat showing the variation in Water Absorption with different

replacement levels

Water absorption decreased at low CBA levels (5-10%, e.g., 10.26-10.32%) compared to
control (10.45%), then increased at 20-25% (11.42%). This initial reduction indicates denser
microstructure from pore refinement via secondary CSH formation. Higher replacements

introduce more voids due to CBA’s porosity, raising permeability. Values remain below 10-
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12% limits (per Neville, 2011), suggesting improved durability against weathering. This trend

supports CBA’s use in moisture-exposed structures at optimal dosages.

4.10 Discussion of Results

The experimental results from the various practical tests conducted in this study provide
valuable insights into the viability of cow bone ash (CBA) as a partial replacement for
ordinary Portland cement (OPC) in concrete production. The discussion below analyzes the
key findings from each test, highlighting trends, comparisons with standard values, and
implications for concrete performance, durability, and cost-effectiveness. These observations
are grounded in the chemical and physical properties of CBA, which is characterized by high
calcium oxide (CaO) content but limited pozzolanic activity due to low silica, alumina, and

iron oxide sums (typically 5-30% across studies).

The aggregate crushing value (ACV) and impact value (AIV) for coarse aggregate were
within acceptable limits (ACV <30%, AlV <25% per BS 812), indicating high resistance to
fragmentation under load. These properties ensure the aggregate’s durability in concrete, with
minimal influence from CBA replacement. The tests confirm the coarse aggregate’s

suitability for high-traffic applications like pavements, where impact resistance is critical.

In summary, CBA up to 10-15% enhances long-term strength, durability, and workability
while reducing costs (e.g., 9-10% savings per m?3). Higher levels compromise early
performance, recommending limits for structural applications. These findings promote

sustainable waste utilization, aligning with environmental goals.

71



CHAPTER FIVE

5.0 CONCLUSION AND RECOMMENDATIONS

5.1 Conclusion

This research investigated the effect of partial replacement of ordinary Portland cement
(OPC) with cow bone ash (CBA) on the properties of concrete. The replacement levels
examined were 0%, 5%, 10%, 15%, 20%, and 25%. The study evaluated key concrete
parameters including chemical composition, specific gravity, sieve analysis, workability
(slump), setting time, aggregate crushing value, aggregate impact value, compressive
strength, flexural strength, and water absorption. The overarching aim was to determine the
suitability of cow bone ash as a supplementary cementitious material for sustainable concrete

production.

The chemical composition analysis revealed that CBA contains appreciable amounts of
silicon dioxide (SiO2 = 65.90%), aluminium oxide (ALOs = 19.92%), and iron (III) oxide
(Fe20s3 = 2.09%), with minor quantities of calcium oxide (CaO) and titanium dioxide (TiO2).
These oxides are essential constituents of pozzolanic materials and confirm the potential of
CBA to contribute to secondary hydration reactions when used as a partial replacement for
cement. The specific gravity of CBA (3.11) was found to be slightly lower than that of OPC
(3.15-3.20), suggesting that CBA is a lightweight material with the capacity to reduce the

overall density of concrete mixes.

The results of the slump test showed that the workability of concrete decreases progressively
as the CBA content increases. This behaviour is attributed to the high fineness and porosity of
the ash particles, which tend to absorb more water. The setting time results indicated a

noticeable delay in both the initial and final setting times with increasing CBA content. This
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can be associated with the slower hydration process of CBA due to its reduced calcium oxide

content relative to cement.

The particle size distribution analysis conducted on cow bone ash, fine aggregate, and coarse
aggregate confirmed that all materials used in this study were well graded and suitable for
concrete production. The cow bone ash particles were predominantly fine, with a significant
proportion passing through the 75 pm sieve, indicating a high specific surface area. This
fineness enhanced the filler effect of CBA within the concrete matrix, contributing to
improved particle packing and densification at lower replacement levels. The grading of the
fine and coarse aggregates also fell within the limits specified by relevant standards, ensuring
proper interlocking and minimal void content. Overall, the particle size distribution of the
constituent materials supported effective hydration, strength development, and durability

performance of the concrete mixes.

The workability of concrete, assessed using the slump test, decreased progressively with
increasing percentages of cow bone ash replacement. This reduction in slump is attributed to
the finer particle size and higher surface area of cow bone ash, which increased water demand
within the mix. At lower replacement levels (5-10%), the concrete remained workable and
suitable for normal placement and compaction. However, at higher replacement levels (above
15%), the mixes became stiffer and less workable, indicating that additional water or
chemical admixtures would be required to maintain acceptable workability. It can therefore
be concluded that cow bone ash negatively affects workability at higher replacement levels,

though it remains manageable at moderate replacement percentages.

The compressive strength test results revealed that the inclusion of CBA up to 10-15%
achieved compressive strengths that were comparable to the control mix at 28 days.

However, beyond 15% replacement, there was a significant reduction in compressive
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strength, indicating that excessive substitution adversely affects the hydration and bonding
characteristics of the cement matrix. The flexural strength results exhibited a similar trend,

with maximum values recorded at 10-15% replacement levels.

The water absorption test results revealed that the durability characteristics of concrete were
influenced by the percentage of cow bone ash used as cement replacement. Concrete
containing 5-10% cow bone ash exhibited reduced water absorption compared to the control
mix, indicating improved pore refinement and reduced permeability due to the formation of
additional calcium silicate hydrate (C—S—H) gel from pozzolanic reactions. However, beyond
15% replacement, water absorption values increased, which was attributed to higher porosity
resulting from reduced cement content and the presence of unreacted ash particles. This trend
indicates that moderate replacement of cement with cow bone ash enhances durability, while

excessive replacement adversely affects resistance to water ingress.

From the findings, it can be concluded that cow bone ash can serve as a viable supplementary
cementitious material in concrete production up to an optimum replacement level of 10-15%.
At this range, the concrete exhibits satisfactory strength and durability characteristics suitable
for non-structural and moderately loaded structural applications. Moreover, the utilization of
cow bone ash provides an effective avenue for waste valorization, reduces the environmental
burden associated with bone disposal, and contributes to the reduction of greenhouse gas

emissions resulting from cement production.

In summary, the research confirms that CBA-modified concrete can enhance the
sustainability of construction materials by promoting waste reuse, lowering cement demand,

and maintaining acceptable mechanical performance within certain limits.
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5.2 Recommendations

Based on the findings of this study, the following recommendations that can enhance the use

of cow bone ash (CBA) in concrete production while ensuring optimal performance,

1. Optimum Replacement Level

Cow bone ash can be safely used to replace ordinary Portland cement up to 5 -10% in
concrete mixtures without significant compromise in mechanical performance. This range is

therefore recommended for practical applications.

2. Structural Applications

For structural concrete works where high strength and durability are required, the CBA
content should not exceed 10%. For non-structural applications such as pavements, blocks,

and mass concrete, replacement levels of up to 15% may be adopted.

3. Workability Enhancement

To counteract the observed reduction in workability at higher replacement levels, the use of
superplasticizers or water-reducing admixtures is recommended. This will help maintain the

desired consistency without increasing the water—cement ratio.

4. Durability Improvement

Further studies should be conducted to evaluate the long-term durability of CBA-modified
concrete, including its resistance to sulphate attack, chloride penetration, carbonation, and
water absorption. These tests will provide a more comprehensive understanding of its

performance under various environmental conditions.
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5. Microstructural Analysis

Advanced characterization techniques such as Scanning Electron Microscopy (SEM), X-ray
Diffraction (XRD), and Thermogravimetric Analysis (TGA) are recommended to study the
microstructure and pozzolanic reactivity of cow bone ash at different calcination

temperatures and replacement levels.

6. Processing and Standardization

The bones used for producing the ash should be properly cleaned, dried, and calcined within
a temperature range of 600-800°C to ensure the formation of reactive oxides. Standardized
procedures should be developed for the preparation and use of CBA to ensure uniformity and

reliability.

7. Policy and Industrial Adoption

Government agencies, environmental organizations, and the construction industry should
promote the recycling and utilization of animal waste for cementitious applications.
Incorporating CBA into local and national construction standards will encourage its

sustainable use and enhance resource efficiency.

By implementing the above recommendations, the incorporation of cow bone ash (CBA) in
concrete production can be effectively optimized to achieve a desirable balance between
sustainability, cost efficiency, and structural performance. Such implementation will not only
enhance the mechanical and durability properties of the resulting concrete but also promote
the environmental benefits associated with waste recycling and reduction in cement
consumption. Furthermore, adopting these measures will minimize the potential drawbacks
related to reduced workability, delayed setting time, and slight reductions in compressive

strength at higher replacement levels. In essence, a well-controlled and properly standardized
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utilization of CBA in concrete will contribute to the development of eco-friendly,
economically viable, and structurally reliable construction materials, aligning with global

goals of sustainable infrastructure and circular economy practices.
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APPENDIX

APPENDIX A

Table 4.6: Sieve Analysis of the Cow Bone Ash

BS MASS PERCENTAGE | CUMULATIVE | CUMULATIVE
STANTARD | RETAINED | RETAINED (%) | (%) MASS | (%) MASS
SIEVE (mm) (@) RETAINED PASSING
2.360
2.000
1.180
0.600 11 1.1 11 98.9
0.425 0.6 0.6 16 98.4
0.300 19 1.9 35 96.5
0.212 216 216 25.1 74.9
0.150 9.3 9.3 34.4 65.6
0.075 314 314 65.8 34.2
Receiver 2.34 2.34 68.14 31.86
PERCENTAGE RETAINED (%) = —t33 RETAINED 100

TOTAL MASS OF SOIL

PERCENTAGE PASSING (%) = 100 - PERCENTAGE RETAINED

MASS OF SAMPLE = 100g

Fineness Modulus =

Total cumulative mass (%)

Fineness Modulus = 0.6814
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Table 4.7: Sieve Analysis of the Fine Aggregate

BS MASS PERCENTAGE | CUMULATIVE | CUMULATIVE
STANTARD | RETAINED | RETAINED (%) | (%) MASS | (%) MASS
SIEVE (mm) () RETAINED PASSING
2.360 3.1 3.1 3.1 96.9
2.000 1.0 1.0 4.1 95.9
1.180 45 45 8.6 91.4
0.600 18.9 18.9 275 725
0.425 12.1 12.1 39.6 60.4
0.300 7.9 7.9 475 525
0.212 34.1 34.1 81.6 18.4
0.150 10.1 10.1 91.7 8.3
0.075 5.8 5.8 975 25
Receiver 2.34 2.34 99.84 0.16
PERCENTAGE RETAINED (%) = ——c2 RETAINED 10

TOTAL MASS OF SOIL

PERCENTAGE PASSING (%) = 100 - PERCENTAGE RETAINED

MASS OF SAMPLE = 100g

Fineness Modulus =

Total cumulative mass (%)

Fineness Modulus =0.9984
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Table 4.8 Sieve Analysis of the coarse Aggregate

BS MASS PERCENTAGE | CUMULATIVE | CUMULATIVE

STANTARD | RETAINED | RETAINED (%)

(%) MASS | (%) MASS
SIEVE (mm) () RETAINED

PASSING

19 0.000 0.00 0.00 100
14 0.010 0.33 0.33 99.67
10 0.954 31.73 32.06 67.94
8 0.928 30.93 62.99 37.01
5 1.061 35.36 98.35 1.65
Pan 0.039 1.30 99.65 0.35
PERCENTAGE RETAINED (%) = —t33 RETAINED 10

TOTAL MASS OF SOIL

PERCENTAGE PASSING (%) = 100 - PERCENTAGE RETAINED
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Table 4.9: Slump Test Results

MIX HEIGHT OF SLUMP (mm)

Control (0%) 11

5% 10

10% 12

15% 9

20% 8

25% 6

Table 4.10: Setting Time For Control mix

Setting Time Sample A Sample B Sample C Average
Initial 61 minutes 64 minutes 70 minutes 65 minutes
Final 170 minutes 172 minutes 174 minutes 172 minutes
Mass of Cement used = 400g

Volume of water used =118ml

For 10% Replacement

Setting Time Sample A Sample B Average

Initial 85 minutes 87 minutes 86 minutes
Final 295 minutes 268 minutes 282 minutes

Mass of Cement used =360g

Mass of cow bone ash used =40g

Volume of water used =124ml
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For 20% Replacement

Setting Time Sample A Sample B Average
Initial 99 minutes 95 minutes 97 minutes
Final 398 minutes 417 minutes 406 minutes

Mass of Cement used =320g

Mass of cow bone ash used =80g

Volume of water used =128ml

For 25% Replacement

Setting Time Sample A Sample B Average
Initial
Final 475 minutes 486 minutes 481minutes

Mass of Cement used =300g

Mass of cow bone ash used =100g

Volume of water used =129ml

Table 4.11: Aggregate crushing value for coarse aggregate

Test1 Test 2 Test 3
M1 (weight of dry |2848.7 2834.7 2783.5
aggregate) (g)
M2 (Weight of | 643.6 662.3 624.3
aggregate that passed
through 2.36mm
sieve) (9)
M3 (Weight of | 2201.7 2170.2 2156.1
aggregate retained
through 2.36mm
sieve) (9)
M2 + M3 2845.3 2832.5 2708.4
Loss 34 2.2 3.1
ACV (%) 22.59 23.36 22.42
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| Mean ACV (%) \ 22.79
Table 4.12: Aggregate impact value for coarse aggregate
Test 1 Test 2 Test 3
M1 (weight of dry |3041.2 3102.1 3110.3
aggregate) (9)
M2 (Weight of | 704.0 712.0 709.0
aggregate that passed
through 2.36mm
sieve) (9)
M3 (Weight of | 2334.9 2388.2 2399.3
aggregate retained
through 2.36mm
sieve) (9)
M2 + M3 3038.9 3100.2 3108.3
Loss 2.3 1.9 2.0
AlV (%) 23.15 22.95 22.79
Mean AV (%) 22.96
4.7 Result of compressive strength test
Table 4.13: Compressive strength Test for control (0%6)
Percentage Cube Weight |Density |Average |Age of|Failure |Compressive |Average
(Replacement |Number |of of density |Curing |Loads |Strength Compressive
Levels) Sample |Sample |of (KN)  [(N/mm?) Strength
(Kg) (Kg/m3) |Sample (N/mm?)
(Kg/m?)
0% 1 2.426 2426 2448.7 |7 193.45 |19.3 18.7
2 2.503 2503 174.68 |17.5
3 2.417 2417 192.91 |19.3
4 2.326 2326 23733 |14 206.84 (20.7 20.6
5 2.413 2413 219.33 (21.9
6 2.381 2381 191.08 |19.1
7 2.322 2322 2348.7 |28 194.37 (194 22.5
8 2.316 2316 243.28 (24.3
9 2.408 2408 236.75 [23.7
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Average 20.6
Table 4.14: Compressive strength Test for 5% replacement
Percentage Cube Weight |Density |Average |Age of|Failure |Compressive |Average
(Replacement |Number |of of density of|Curing |Loads |Strength Compressive
Levels) Sample |Sample |Sample (KN)  [(N/mm?) Strength
(Kg)  |(Kg/m3) |(Kgim3) (N/mm?)

5% 1 2.586 2586 2574.6 7 181.25 |18.1 16.73

2 2.579 2579 153.44 |15.3

3 2.559 2559 168.32 |16.8

4 2.621 2621 2608.7 14 185.82 |18.6 18.80

5 2.626  |2626 196.66 |19.7

6 2.579 2579 181.13 |18.1

7 2.628 2628 2620.0 28 237.03 |23.7 21.63

8 2.578 2578 213.35 |21.3

9 2.654 2654 198.75 |19.9
Average 19.05
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Table 4.15: Compressive strength Test for 10% replacement

Percentage Cube Weight |Density |Average |Age of|Failure |Compressive |Average
(Replacement |Number |of of density |Curing |Loads |Strength Compressive
Levels) Sample |Sample |of (KN)  [(N/mm?) Strength
(Kg) (Kg/m?®) |Sample (N/mm?)
(Kgim?)

10% 1 2.670 2670 2722.3 |7 138.96 |13.9 14.83

2 2.751 2751 164.74 |16.5

3 2.746 2746 141.10 |14.1

4 2.615 2615 2632.7 |14 153.47 |15.3 15.87

5 2.595 2595 172.81 |17.3

6 2.688 2688 149.53 |15.0

7 2.624 2624 2657.7 |28 216.54 |21.7 21.27

8 2.672 2672 201.18 |20.1

9 2.677 2677 219.73 |22.0
Average 17.32
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Table 4.16: Compressive strength Test for 15% replacement

Percentage Cube Weight |Density |Average |Age Failure | Compressive |Average
(Replacement |Number |of of density | of Loads |Strength Compressive
Levels) Sample |Sample | of Curing [(KN) [(N/mm?) Strength
(Kg) (Kg/m?®) |Sample (N/mm?)
(Kg/m?®)

15% 1 2.706 2706 2713.0 |7 127.99 |12.8 12.4

2 2.678 2678 125.57 |12.6

3 2.755 2755 119.05 |11.9

4 2.655 2655 2679.3 |14 118.33 |11.8 14.3

5 2.659 2659 146.72 |14.7

6 2.724 2724 158.94 [15.9

7 2.736 2736 2671.3 |28 206.77 |20.7 19.7

8 2.672 2672 187.85 |18.8

9 2.606 2606 196.43 |19.6
Average 15.5
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Table 4.17: Compressive strength Test for 20% replacement

Percentage Cube Weight |Density |Average |Age Failure | Compressive |Average
(Replacement |Number |of of density | of Loads |Strength Compressive
Levels) Sample |Sample | Of Curing [(KN) [(N/mm?) Strength
(Kg) (Kg/m?) | Sample (N/mm?)
(Kg/m?®)

20% 1 2.618 2618 27043 |7 13451 |135 12.3

2 2.730 2730 111.02 |11.1

3 2.765 2765 122.43 |12.2

4 2.632 2632 2599.7 14 141.27 |14.1 13.7

5 2.695 2695 136.71 |13.7

6 2.472 2472 133.85 |13.4

7 2.604 2604 2663.7 |28 179.67 |18.0 17.7

8 2.646 2646 17148 |17.1

9 2.741 2741 180.62 |18.0
Average 14.6
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Table 4.18: Compressive strength Test for 25% replacement

Percentage Cube Weight |Density |Average |Age Failure | Compressive | Average
(Replacement | Number |of of density | of Loads |Strength Compressive
Levels) Sample |Sample | of Curing | (KN) [ (N/mm?) Strength
(Kqg) (Kg/m?) | Sample (N/mm?)
(Kg/m?)

25% 1 2.532 2532 25183 |7 107.76 |10.8 10.7

2 2.537 2537 103.75 |10.4

3 2.486 2486 107.79 |10.8

4 2.548 2548 2511.0 14 125.67 |12.6 12.0

5 2.477 2477 118.94 |11.9

6 2.508 2508 115.71 |11.6

7 2.583 2583 2524.7 28 150.44 |15.0 15.1

8 2.561 2561 139.58 |14.0

9 2.430 2430 163.71 |16.4
Average 12.6
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4.8 Flexural strength test

Table 4.19: Beams Control (0%) 7 DAYS

Mass (Kg) Failure Load (KN) Flexural Strength (N/mm?)
11.312 8.76 3.50
12.143 7.31 2.92
11.812 8.09 3.24
AVERAGE 3.22

Table 4.20: Beams Control (0%) 28 DAYS

Mass (Kg) Failure Load (KN) Flexural Strength (N/mm?)
11.87 12.05 4.82
12.06 11.35 4.54
11.98 11.66 4.66
AVERAGE 4.67

Table 4.21: Beams for Cow Bone Ash Replacement (5%b)

Percentage Beam Weight | Age Failure | Flexural | Average
(Replacement | Number | of of Loads Strength Flexural
Levels) Sample | Curing | (KN) (N/mm?) | Strength
(Ko) (N/mm?)

5% 1 12421 |7 8.45 3.38 3.15

2 12.036 7.28 2.91

3 12.549 |28 9.91 3.96 4.04

4 13.313 10.04 4.12
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Table 4.22: Beams for Cow Bone Ash Replacement (10%0)

Percentage Beam Weight | Age Failure | Flexural Average
(Replacemen | Number | of of Loads Strength Flexural
t Levels) Sample | Curing | (KN) (N/mm?) | Strength
(Kg) (N/mm?)
10% 1 12.133 7 7.91 3.16 3.25
2 11.922 8.33 3.33
3 12.098 28 9.82 3.93 3.88
4 12.751 9.56 3.82
Table 4.23: Beams for Cow Bone Ash Replacement (15%o)
Percentage Beam Weight | Age Failure | Flexural Average
(Replacemen | Number | of of Loads Strength Flexural
t Levels) Sample | Curing | (KN) (N/mm?) Strength
(Kg) (N/mm?)
15% 1 12.455 7 6.42 2.57 2.66
2 12.381 6.87 2.75
3 12.113 28 9.06 3.62 3.77
4 12.462 9.78 391
Table 4.24: Beams for Cow Bone Ash Replacement (20%0)
Percentage Beam Weigh | Age Failure | Flexural Average
(Replacemen | Number |t  of | of Loads Strength Flexural
t Levels) Sampl | Curin | (KN) (N/mm?) Strength
e (Kg) |g (N/mm?)
20% 1 11.811 |7 6.93 2.78 2.47
2 12.103 5.40 2.16
3 12.081 | 28 8.53 3.41 3.29
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11.956

7.91

3.16

Table 4.25: Beams for Cow Bone Ash Replacement (25%o)

Percentage Beam Weight | Age Failure | Flexural Average
(Replacemen | Number | of of Loads Strength Flexural
t Levels) Sample | Curing | (KN) (N/mm?) | Strength
(Kg) (N/mm?)
25% 1 11.875 7 5.56 2.22 2.06
2 12.539 4.73 1.90
3 12.599 28 7.36 2.94 2.98
4 12.738 7.54 3.02
Table 4.26: Water Absorption Test For various replacement
Percentage Cube Saturated Dry Weight of | Water Average
(Replacement | Number | Weight of | Sample (Kg) | Absorption Water
Levels) Sample (Kg) (%) Absorption
(%)
5% 1 2.521 2.503 0.719 0.457
2 2.458 2.449 0.367
3 2.467 2.460 0.284
10% 1 2.375 2.351 1.021 1.064
2 2.536 2.509 1.076
3 2.587 2.559 1.094
15% 1 2.611 2.579 1.241 1.264
2 2.533 2.502 1.239
3 2.547 2.514 1.313
20% 1 2.531 2.492 1.565 1.577
2 2.436 2.401 1.457
3 2.439 2.398 1.709
25% 1 2.474 2.421 2.189 2.640
2 2.511 2.453 2.364
3 2.518 2.436 3.366
0% 1 2.514 2.502 0.479 0.541
2 2.522 2.513 0.358
3 2.434 2.415 0.786
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APPENDIX B

Plate A-3 picture of Author using the mixer  Plate A-4 cow bone ash
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Plate A-5 curing of Cubes
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Plate A-6 sieve analysis of coarse Aggregates.
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