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Abstract 

Concrete is the most important construction material in great demand. In concrete 

production, portland cement is a major constituent. However, in time cement cost is 

increasing. This surge in price a challenges in construction industry and there is a demand in 

finding alternative environmental friendly cement partial replacing material without 

compromising mechanical properties of structural concrete. 

This research experimentally investigated use of animal bone powder (ABP) as partial 

replacement of cement in structural concrete production. Five groups of C-25 concrete grade 

specimens with (0%, 5%, 10%, 15%, & 20%) varied proportion of animal bone powder 

(ABP) by weight were casted and tested for fresh concrete (slump test) and hardened 

concrete mechanical properties such as compressive strength, split tensile strength and 

flexural strength at different ages. MP-AES (Microwave Plasma-Atomic Emission 

Spectroscopy) for elemental analysis showed that ABP is reach in calcium (contained about 

58.64% of calcium, Ca) where the amount of Si, Al and Fe are very small. A total of 180 

concrete specimens were casted at Adama Science & Technology University & tested at 

Addis Ababa Science & Technology University. The recorded 28
th

 mean compressive, 

flexural and split tensile strengths for 0%, 5%, 10%, 15% & 20% replacement of cement by 

ABP were (33.63, 30.45, 28.20, 23.64, 20.59 , 3.62, 3.21, 3.04, 2.86, 2.63, 4.39, 3.77, 3.42, 

3.21, & 2.68)MPa respectively. This study revealed that as the percent addition of ABP 

increases, its strength significantly declined from the control specimen. Also, test results 

indicated that optimum cement partial replacing amount of animal bone powder (ABP) is 

10% by weight. 

 

Keywords: animal bone powder, cement, concrete production, strength, optimum dosage, 

partial replacement. 
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CHAPTER 1 

INTRODUCTION 

1.1 Background  

The emerging demand of construction materials made us to utilize recycled materials in 

concrete as replacement of cement. Utilization of natural resources and preservation of 

environment is the essence of any development. An attempt has been made to save the 

environment and utilize the waste material as partial replacement of cement in this thesis. At 

present no construction activity is possible without using concrete. It is the most common 

material used in construction worldwide. The main reason behind this is because of its high 

strength, durability and workability. 

Concrete is the most important construction material and is in great demand. The most 

important constituent of concrete is portland cement but its cost is increasing day by day. 

Different researchers are always in search of low cost materials with better performance. In 

recent years a large number of pozzolanic materials which can replace cement partially have 

been used in making concrete with better properties. 

Many experimental works have been carried out to improve the properties of the concrete by 

adding new materials; the materials may be natural materials or recycle materials or synthetic 

materials. The additional (new) material can be replacing the aggregate or cement or just as 

additive, however, many of these additional materials are used as cement for the production 

of light weight concrete. 

Production of cement for concrete construction has attracted a lot of criticisms due to inherent 

danger associated with its production. For every ton of cement produced, one ton of CO2 is 

emitted in the atmosphere, causing green house gases and ozone layer depletion (Mahasenan 

et al. 2003, WBCSD 2005, Gartner 2004, Aggarwal et al. 2012). 

Animal bone is a waste material and is dumped in large quantities in disposal yards and 

creates bad odor thereby creating air pollution and diseases. Hence it is necessary to dispose 

the above waste through an efficient way.  
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Bones can be converted to bone powders (BP) and used in concrete as an additive to enhance 

the mechanical and durability properties of the mix. 

Bone powder is an inorganic material derived from animal bones, dried and heated in a 

furnace at a very high temperature or burning in the air and grounded to fine powder using 

milling machine. Animal bones are found in large quantities in abattoirs in almost every town 

in Ethiopia. Some of these bones are disposed in landfills with inherent danger of pollution 

and other nuisance value. Therefore, utilizing these BP as a partial replacement of cement in 

concrete production will enhance national development. The cost of bone powder when 

compared with ordinary portland cement is lower due to availability of animal bones in large 

quantities as waste products in many parts of Ethiopia. 

In view of this, people have started searching for suitable other viable alternative materials 

which could be used either as an additive or as a partial replacement to the conventional 

ingredients of concrete so that the existing natural resources can be saved to the possible 

extent, and can be made available for the future generation. In this process, different 

industrial waste materials such as fly ash, blast furnace slag, quarry dust, tile waste, brick 

bats, broken glass waste, waste aggregate from demolition of structures, ceramic tiles, 

electronic waste of discarded old computers, TVs, refrigerators, radios, waste paper mill pulp, 

iron filling, waste coconut shell, rice husk ash, marble dust powder, hypo sludge, machine 

crushed animal bones and etc have been tried as a viable substitute material to the 

conventional materials in concrete.  

The main aim of the paper is to investigate the effect of incorporating animal bone powder as 

an addition to cement in the production of concrete. The evaluation will be based on the 

computation of compressive strength, split tensile strength, flexural strength and consistence 

of concrete containing bone powders by different percentages such as 0%, 5%, 10% 15% & 

20% as an addition of cement and comparing the results with the non-bone powder cement 

concrete at different testing ages. Among different wastes produced, this study focus on 

animal bones partially replacement of cement in concrete production with different 

percentage by weight. 
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1.2 Statement of the problem 

Ethiopia is a densely populated area with population of over 100 million in which slaughter 

wastes such as cow bones and etc continues to be seen as important issues because of its 

impact on the environment and areas for landfill disposal are limited. 

Over the years, cement has been used as the binder material in construction industry. 

However, the cost of cement has rapidly increased, largely due to the sharp increase in the 

cost of energy. Natural resources are depleting worldwide while at the same time the 

generated wastes from different areas are increasing substantially. Various researches are 

aiming to produce concrete from manufactured, different solid wastes or aggregate from 

industrial or agricultural by-products, is gradually becoming very popular. This is because 

industrial and agricultural wastes are being re-used thereby ensuring the environmental 

degradation arising from the production of these waste products is curtailed to the barest 

minimum. 

Animal Bones are one of the non decaying waste products of abattoir houses in Ethiopia, 

polluting the environment and causing problems in the life of human beings and animals, 

which are not still controlled yet. Recent time majority of land in Adama area are occupied 

by slaughter wastes in the area so called "Qera". These wastes are not decayed rather causing 

the environment polluted and unclean causing different environmental and health problems.  

Pressures experienced on landfills and the hazardous nature of some of these waste materials 

makes its use as cement is a very attractive option. One of the new waste materials used in 

the concrete industry is the use of animal bone powder. In addition, there is an urgent need to 

investigate the mechanical behavior of animal bone powder partial replacement of cement in 

structural concrete. 

In addition to this, the use of animal wastes such as cow bones in the form of powder in 

different construction as a partial replacement of cement will considerably reduce the cost of 

construction material as well as reduce the environmental hazards it causes when carbon 

dioxide in cement is released to the environment. 

Hence, the main advantages of using such solid waste materials as alternatives to construction 

materials are cost reduction of cement-based materials, cost reduction for landfill, saving in 

energy, and protecting the environment from possible pollution effects. 
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1.3 Objective of the study 

1.3.1 General Objective 

The general objective of the research was to study mechanical properties of animal bone 

powder partially replaced cement in concrete production. 

1.3.2 Specific Objectives 

1) To determine selected chemical properties of the animal bone powder  

2) To determine and analyze the workability (consistence), compressive strength, flexural 

strength and tensile strength of the concrete by partial replacement of cement with animal 

bone powder at different percent dosage replacement. 

3) To know the optimum percent dosage of animal bone powder as a partial replacement of 

cement in concrete production. 

1.4 Significance of the study 

Now time the world faced global warming which has a relation with air pollution. For this 

effect cement production has its role. The society exist in Ethiopia as the whole are 

beneficiary from the study in that it help people engaged in slaughter activity how to keep 

environment clean, safe and change in to business. In addition to this, the City Administration 

of Adama and surrounding will be benefited from the study as a source of information and 

foundation for the slaughter waste that can help to improve ways of managing production of 

slaughter wastes & use it as partial replacement of cement in concrete production. 

1.5 Scope and limitation of the study 

The study covered only a very small area from the total coverage of Ethiopia where we can 

find animal bones in different size, amount, and quality. The scope of the study is limited to 

structural concrete and the study doesn‟t include high strength concrete.  

Although the research was carefully designed and followed standard procedures accordingly 

to get the reliable data for best results, some limitations are encountered and observed while 

performing the task. During the study of this thesis, the following were some limitations.  

The major limitations of the study were listed as follows: 

 The study basically focused on determining selected mechanical properties of concrete 

due to limitation of time and budget; 
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 Due to time limitation and limited budget only sixty sets of specimens were casted for 

each of compression test, split tensile strength and flexural strength test. 

 The determination of mechanical properties of concrete was done using some selected 

standards such as ASTM and EBCS. 

1.6 Research Questions  

To meet the above objectives, the study was takes in to consideration the following pertinent 

questions: 

 How to analyze and determine properties of the animal bone powder and compares with 

that of ordinary portland cement? 

 How to determine workability, compressive strength, split tensile strength and flexural 

strength of the concrete by partial replacement of cement with animal bone powder at 

different percent dosage replacement. 

 Was there any significant difference between the values of tests conducted while using 

partial replacement of cement in concrete production? 
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CHPATER 2 

LITERATURE REVIEW 

 

2.1. Concrete Constituent Materials 

In a concrete mixture, the aggregates which are graded in size from fine to pebbles or crushed 

stones, form the inert mineral filler material which the cement paste binds together. These 

aggregates occupy 65 to 75 percent of the volume of concrete. Aggregates were first 

considered to simply be filler for concrete to reduce the amount of cement required. 

However, it is now known that the type of aggregate used for concrete can have considerable 

effects on the plastic and hardened state properties of concrete.  

Aggregates can be broadly classified into four different categories: these are heavyweight, 

normal weight, lightweight and ultra-lightweight aggregates. However, in most concrete 

practices only normal weight and lightweight aggregates are used. In a Portland cement 

concrete mix, coarse and fine aggregates typically make up 60 to 70% of the total volume.  

For this reason, aggregate characteristics, such as size, shape, and surface texture influence 

greatly the properties of a concrete mix. 

2.1.1 Coarse Aggregate 

Coarse aggregate occupies about 30 to 40% of the volume of concrete and is therefore 

expected to influence the performance of concrete significantly. The coarse aggregate may be 

available in several different size groups, such as 19 to 4.75 mm or 37.5 to 19 mm. The 

number and size of sieves selected for a sieve analysis are dependent upon the particle sizes 

present in the sample and the grading requirements specified. 

2.1.2 Fine Aggregates 

 Sand is one of the normal, natural fine aggregates used in concrete production. Failure of 

concrete structures leading to the collapse of buildings has initiated various researches on the 

quality of construction materials. The portion of an aggregate passing the 4.75 mm (No. 4) 

sieve and predominantly retained on the 75 mm (No. 200) sieve is called fine aggregate or 

sand. Sands and gravels are defined by particle size rather than composition.   
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Sand and gravel deposits are accumulations of the more durable rock fragments and mineral 

grains, which have been derived from the weathering and erosion of hard rock mainly by 

glacial and river action, but also by wind.  

2.1.3 Cement  

Ordinary Portland (Type-I) cement is suitable for general concrete construction when there is 

no exposure to sulfates in the soil. The standard requires that it is made from 95 to 100 

percent of Portland cement clinker and 0 to 5 percent of minor additional constituents. Minor 

additional constituents are one or more of the other cementitious materials or filler. The filler 

is defined as any natural or inorganic mineral material other than a cementitious material. 

The cement is manufactured to produce the proper amount of expansion without adversely 

affecting the concrete quality and retaining the normal range of concrete shrinkage. Cement is 

one of the most expensive components of concrete. Although cement paste is required to fill 

aggregate voids, bind them together and provide mobility to fresh concrete, it is also 

responsible for drying shrinkage, heat generation and porosity. 

Nowadays, after several important technical improvements, concrete made with Portland 

cement is probably the most used man-made material in the world. In a concrete mixture, the 

function of the cement is to react with the water forming a plastic mass when the concrete is 

fresh and a solid mass when the concrete is hard.  

2.1.4 Water 

The function of the water, other than enabling the chemical reactions that cause setting and 

hardening to proceed, is to lubricate the mixture of aggregates and cement to facilitate 

placing. Some standards stipulate that water fit for drinking is suitable for making concrete. 

Water quality is the most consistent of the constituents of concrete but water quantity, as it 

affects the free/water-cement ratio, is most important for control of consistence, strength, and 

durability. Almost any natural water that is drinkable (potable) and has no pronounced taste 

or odour is satisfactory as mixing water for making concrete.  

Excessive impurities in mixing water may affect not only setting time, concrete strength, and 

volume stability (length change), but may also cause efflorescence or corrosion of 

reinforcement. Where possible, water with high concentrations of dissolved solids should be 

avoided.  
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ASTM C1602M allows the use of potable water without testing and includes methods for 

qualifying non potable sources of water with consideration of effects on setting time and 

strength. Testing frequencies are established to ensure continued monitoring of water quality.  

2.2 Concrete & Concrete Tests 

Concrete is an engineering material that simulates the properties of rock and is a combination 

of particles closely bound together. It is simply a blend of aggregates, normally natural sand 

and gravel or crushed rock. These are bound together by a hydraulic binder e.g. Portland 

cement and activated by water to form a dense semi homogenous mass. 

Because of its general characteristics concrete is sometimes referred to as artificial rock. 

Concrete is very strong in resisting compression. In use where tensile stresses have to be 

accommodated reinforcement is incorporated into the concrete to absorb tension. Concrete is 

the most widely used construction material. It allows flexibility in structural form as it can be 

moulded into a multiplicity of shapes. 

2.2.1 Slump test 

This is to determine the workability of concrete in terms of slump test. After batching the 

concrete, a sample of fresh concrete shall be taken to test for slump tests and the samples for 

compressive strength test be taken too. This is to make sure that the batched concrete is 

complying with the mix design before it‟s released from the batching plant. 

Concrete slump testing is used to evaluate the flow characteristics of freshly mixed concrete. 

To conduct a slump test, concrete is placed into an inverted cone in three stages, using a 

metal rod to tamp down the concrete after every stage. Once the cone is full, it is lifted off the 

working surface using handles on both sides of the cone, at which point the concrete subsides 

or “slumps” towards the ground due to gravity.  

The distance between the original height and slumped height is measured, and this is 

recorded as the slump. 

Typically, slumps in the range of 4 to 5 inches are considered an ideal balance between 

workability and consistency. Anything less than this range is hard to work, while anything 

greater tends to segregate during placement. 
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2.2.2 Tensile strength 

The tensile strength of concrete is one of the basic and important properties which greatly 

affect the extent and size of cracking in structures. Moreover, the concrete is very weak in 

tension due to its brittle nature.  

Concrete develops cracks when tensile forces exceed its tensile strength. Therefore, it is 

necessary to determine the tensile strength of concrete to determine the load at which the 

concrete members may crack. 

2.2.3 Water Permeability test 

A water permeability test is one of the tests to determine the durability of concrete. Three 

cubes shall be taken from fresh concrete and tested in accordance to the German Standard 

DIN 1048 at 28 days age. This kind of test shall be taken from substructures concrete 

elements like foundations, concrete water tank, retaining wall etc.  

2.2.4 Compressive strength test 

Compressive strength is the ability of material or structure to carry the loads on its surface 

without any crack or deflection. A material under compression tends to reduce the size, while 

in tension, size elongates.  

Compressive strength is often measured on a universal testing machine. Measurements of 

compressive strength are affected by the specific test method and conditions of measurement. 

Compressive strengths are usually reported in relationship to a specific technical standard. 

2.3 Animal Bone Powder Replacement in Concrete  

Javed et al. (2012) studied an exploratory study on the suitability of the machine crushed 

animal bones as partial or full replacement for normal coarse aggregates in concrete works 

has been carried out. Physical and mechanical properties of machine crushed animal bones 

and locally available normal aggregate have been determined and compared. A large number 

of concrete cubes of size 150 mm ×150 mm ×50mm with different percentages by weight of 

normal aggregate to crushed animal bones as coarse aggregate in the order 100:0, 75:25, 

65:35, 50:50, 25:75 and 0:100 were cast, tested and their physical and mechanical properties 

were determined. 

https://en.wikipedia.org/wiki/Universal_testing_machine
https://en.wikipedia.org/wiki/Test_method
https://en.wikipedia.org/wiki/Technical_standard
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Compressive strength tests showed that approximately 50% of the crushed animal bones in 

replacement for normal aggregate were quite satisfactory with no compromise in compressive 

strength requirements for concrete mix ratio 1:1.5:3. The study has been carried out at 25%, 

35%, 50%, 75%, and 100% replacement levels of normal aggregate by crushed animal bone 

(CAB) aggregate by weight and a comparative study has been done between normal concrete 

and crushed animal bone (CAB) concrete. 

N. M. Ogarekpe et al. (2017) studied also the suitability of burnt and crushed cow bones 

(BCCB) as partial replacement for fine aggregate in concrete was studied. The percentages of 

replacements of fine aggregates of 0, 10, 20, 30, 40 and 50%, respectively of BCCB were 

tested considering 1: 2: 4 and 1:5.5:3 concrete mix ratios. The cow bones were burnt for 50 

minutes up to 92
o
C before being crushed. Ninety six (96) concrete cubes of 1: 2: 4 mix ratio 

and ninety-six (96) concrete cubes of 1:5.5:3 mix ratio measuring 150mmx150mmx150mm 

were tested for the compressive strength at 7, 14, 21 and 28 days respectively.  

The research revealed that the BCCB acted as a retarder in the concrete. Water-cement ratio 

increased with the increase in the percentage of the BCCB. The mixes of 1:2:4 and 1:5.5:3 at 

28 days curing yielded average compressive strengths in N/mm
2
 ranging from 16.49 - 24.29 

and 18.71 - 29.73, respectively. For the mix ratios of 1:2:4 and 1:5.5:3 at 28 days curing age, 

it was observed that increase in the BCCB content beyond 40 and 50%, respectively resulted 

to the reduction of the average compressive strength below recommended minimum strength 

for use of concrete in structural works. 

M. Kotb et al. (2010) stated that the strength of concrete rises suddenly with the replacement 

of the cement by animal bone powder to a certain percent. Replacement of the cement was 

done with different percentages likes 0, 5, 10 and 15 %. Equal numbers of the cubes are 

casted for the testing on the 7, 14, 28, 90and 180 days. These were tested for compression 

test. The compression strength of concrete was observed to increase until 5% but for the 10% 

and 15% it decreases. Cylinder with replacement of cement by 0%, 5%, 10% and 15%. Equal 

number of cylinders are tested for the 7, 14, 28, 90and 180. The tensile strength increases till 

5% and decreases for 10% and 15% so they are no recommended for the use. They used 

scanning electrons microscope and X-ray diffraction test and the reason for increase in 

strength for 5% replacement is that bone powder act as the filler material and speeds the 

hydration process. 
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Anthony Nkem Ede and Abimbola Oluwabambi Ige (2014) reported that concrete is used 

throughout the world for the construction purpose. United state of America uses concrete $30 

billion. Moreover researches had been carried out to enhance the properties like strength and 

durability. 

F.N.Okoye and O.I Odumodu (2016) reported that the bone powder contains all the similar 

components as cement have but are present in different quantities. They replaced ordinary 

portland cement with the animal bone powder.  

The replacement of cement with bone powder has percentage- 0, 10, 20, 30, 40, 50, 60, 70, 

80, 90 and 100%. The strength of cement decreases after the replacement with bone powder 

more than 10%. If cement was not replaced the crushing strength of the concrete was 

25.95N/mm
2
. They conducted mineralogical analysis on bone powder to find the chemical 

composition. They find out the structural analysis that bone powder should replace cement up 

to 10% and 20% replacement should be permitted for using it in the rendering purpose. 

S. M. Varma. et at. (2016) stated that in the environment cattle bones are already a waste 

matter so its ash can partially used to replace cement for concrete modification. They casted 

the concrete cube with partially replacing the cement with animal bone powder ash. In the 

research the casted cubes for the testing after 7, 28 days. There was not a sudden change in 

the strength and the durability of the concrete but it helps in reducing the green house gases 

emission.  

Replacement of cement with bone powder ash has another benefit in cleaning the 

environment by removing the waste of bones. One of the other aspects of this research was 

that there were increases in economical value of concrete by the reduction in its cost.  

M. Kiruthika and K. Mahendran (2017) stated that bone powder ash can partially be used in 

place of cement. In their research they casted concrete cubes with 0, 48 and 12% replacement 

of concrete by bone powder ash. They casted M20 grade of concrete with replacement and 

tested it on the 7 and 28 days after curing. The result is an increase in the compressive 

strength of the concrete. The maximum compressive strength was recorded when replacement 

of cement was at 12%. So they concluded that bone powder ash can be used in place of 

cement in concrete not only to improve the environmental conditions but also to reduce the 

cost of concrete. They stated that by the replacement of cement with bone powder ash the 

green concrete can be formed. There was also a considerable increase in the tensile strength 

of the concrete for both 7 and 28 days tested specimens. 
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CHAPTER 3 

METHODOLOGY 

3.1. Description of the study area 

The study was conducted at Adama Town and its surrounding area (Afaan 

Oromoo: Adaamaa; Amharic: አዳማ ), also known as a city in central Ethiopia. Adama forms a 

special zone of Oromia and is surrounded by Misraq Shewa Zone. It is located at 8.54°N, 

39.27°E at an elevation of 1712 meters, 99 km southeast of Addis Ababa. The city sits 

between the base of an escarpment to the west, and the Great Rift Valley to the east. 

3.1.1. Climate 

According to data taken from Adama Meteorology Agency, a lot of rain (rainy season) falls 

in the months of June, July, August and September. On average, the warmest month is May 

whereas on average the coolest month is November. August is the wettest month and 

December is the driest month. 

3.2. Data Collection 

The field work for data collection such as animal bone, course aggregate, fine aggregate 

(sand), Dangote cement, etc was made in the month of May 2019. 

3.3. Materials used 

The following materials were used to conduct the concrete specimen experiment: 

Animal bone: It was collected from Oromia Self Help Organization (OSHO) which was used 

as adhesive and replacement of cement. 

Cement: Ordinary Portland Cement (OPC) locally available in Ethiopia („Dangote Cement‟) 

was used for the preparation of specimen. 

Water: Potable water from the Adama Science & Technology University was used to do the 

experiment. 

Coarse aggregate: Crushed stones were obtained from crushed rock batching industry of 

size 20 mm particles which satisfied the requirement of concrete production. 

Fine aggregate (sand): Fine aggregate were collected from river (locally available sand 

which is conformed to the requirement for concrete production). 

https://en.wikipedia.org/wiki/Oromo_language
https://en.wikipedia.org/wiki/Amharic_language
https://en.wikipedia.org/wiki/City
https://en.wikipedia.org/wiki/Ethiopia
https://tools.wmflabs.org/geohack/geohack.php?pagename=Adama&params=8.54_N_39.27_E_type:city
https://tools.wmflabs.org/geohack/geohack.php?pagename=Adama&params=8.54_N_39.27_E_type:city
https://en.wikipedia.org/wiki/Addis_Ababa
https://en.wikipedia.org/wiki/Escarpment
https://en.wikipedia.org/wiki/Great_Rift_Valley,_Ethiopia
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Mold: mold made from cast iron of different sizes were used to cast different concrete 

specimen and so on. 

3.4. Methods 

3.4.1. Preparation of animal bone powder 

a) Collection  

Animal Bone Powder (ABP) used in this study was systematically produced from locally 

obtained animal bones through its suppliers. The procedure adopted for preparation of the 

ABP includes; collection of cow bones 1
st
 from slaughter houses which was used as partial 

replacement of cement by weight as adhesive through suppliers. After that Oromia Self Help 

Organization (OSHO) buy the bones from several different suppliers. These are mainly cattle, 

goat, and sheep bones. The bones are stored under a roof to prevent them from getting wet as 

that would cause odors and impede the following charring process. The charring capacity 

amounts to 5 tons of bones per day. To enable optimal isolation, the walls of the furnace 

contain three different layers: An inner and outer wall made of bricks and between the two 

walls sand. The cement used for constructing the inner wall has to be fire-resistant to avoid 

cracking of the walls. 

Evaluation of the charring process has shown that there are always places in the kiln where 

optimum charring conditions cannot be achieved. Especially the bones placed close to the 

door of the kiln often are white in color due to the exposure to excess oxygen and elevated 

temperatures. 

b) Crushing and sieving 

Before crushing, the bone char is manually separated from metal pieces and separated 

according to its color. Black bone char is stored and added to the next charring batch, while 

white and grey-brownish bone char are crushed. Three sieves are attached to the crushing 

machine that enables the separation of 3 different particle sizes; powder and fine fraction, 

middle and course. 

c) Washing 

The main purpose of washing bone char is removal of remaining organic impurities, and 

reducing color.  After washing, the bone char is placed on iron sheets for drying. Depending 

on the climate and the particle size, drying takes 1-2 days (fine particle need more time for 

drying than the coarser ones).  
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Finally, bone char are packed into white sacks and stored in a dry place. The bought bone 

char were grinded manually using proctor compaction test and sieved using 150µm sieve size 

by using table vibrator at Adama Science & Technology University in the Soil Mechanics & 

Highway Engineering laboratory (see Appendix 15). 

3.4.2. Preparation of cube mold  

Mould of cast iron of three different sizes (i.e 150mm x 150mm x 150mm, 150mmx300m 

and 100mx100mx500m) were prepared. Before assembling the moulds, make sure that, there 

was no hardened mortar or dirt on the faces of the flange that prevent the sections from fitting 

together closely. These faces had to thinly coat with mould oil to prevent leakage during 

filling, and a similar oil film should be provided between the contact surfaces of the bottom 

of the mould and the base. The inside of the mould had to be oiled to prevent the concrete 

from sticking to it. The two sections must be either bolted firmly together, and the moulds 

hold down firmly on the base plates.  

3.4.3. Preparation of concrete mix 

After animal bone powder has been prepared through further grinding using proctor 

compaction method, course aggregate of size 20mm, fine aggregate having silt content of less 

than 6% (Appendix 16), potable water & cement sample has been mixed thoroughly. 

Concrete cubes, cylinders and beams were casted using 0%, 5%, 10%, 15% & 20% cement 

with replacement of animal bone powder to prepare concrete specimens. Immediately fill the 

cube moulds and compact the concrete using table vibrator. Any air trapped in the concrete 

should reduce the strength of the cube. Hence, the specimens must be fully compacted 

(Appendix 18).  

3.4.4.  Curing and testing of specimen 

i) Curing  

Curing is the process of keeping the hardened concrete in moist condition till it attains 

considerable strength. Curing of concrete is the last and one of the most important activities 

required to be taken in the process of concrete construction. Curing plays an important role 

on strength development and durability of concrete. Concrete specimens must be cured 

before it was tested. Unless required for test at 24 hours, the sample should be placed 



15 
 

immediately after demoulding in the curing tank. The curing temperature of the water in the 

curing tank should be maintained at 27-30°C (Appendix 22). 

ii) Tests Conducted 

a) Characteristics of animal bone powder (ABP) 

The first experiment conducted was to determine the properties and characteristics of selected 

concrete making materials such as cement, sand (fine aggregate), and gravel (course 

aggregate). The tests were carried out by the appropriate ASTM and AASHTO standards. 

The second experiment were undertaken to determine chemical properties of animal bone 

powder using Agilent Technologies 4200 MP-AES (Microwave Plasma-Atomic Emission 

Spectroscopy) which consists of microwave induced plasma interfaced to an atomic emission 

spectrophotometer (AES) for elemental analysis which exist at Addis Ababa University, Arat 

Kilo Campus, Chemistry Department.  

b)  Slump test 

The slump of the concrete was determined as per EBCS. The slump cone was filled with 

fresh concrete in three different layers. Each layer was tamped 25 times using a bullet nosed 

metal rod of 610 mm long and 16 mm in diameter. After completely filling the cone, extra 

concrete was removed and concrete surface was leveled. The mould was removed vertically 

upwards and the concrete cone subsided. This subsidence was termed as slump of concrete 

and was measured. Finally, consistency of concrete was investigated through the test 

popularly known as slump test during fresh age of concrete (Appendix 20). 

c) Compressive strength test 

For this purpose mould size of 150mm x 150mm x 150mm of cast iron was used. A total of 

60 concrete cubes were casted to test for 0%, 5%, 10%, 15% & 20% replacement of cement 

by ABP in concrete production. When the cubes had reached the required number of days 

needed for testing, it was removed from the water and the water was allowed to drain off for 

one day. After the concrete specimen (cube) taken out from the water prior to testing, it was 

transported to Addis Ababa Science & Technology University for testing. 

The compressive strengths were examined at 7
th

, 14
th

, 21
th

, & 28
th

 days using compression 

testing machine of capacity 3000KN. The cubes were then placed on the compression testing 

machine with two cast faces in contact with the plate of testing machine.  
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The machine dial is then adjusted to zero and the machine load being applied continuously 

until failure occur, that is the concrete cube is crushed (Appendix 23). The pointer load will 

also stop at the maximum failure load which is then recorded. 

Finally, compressive strength of concrete = Maximum compressive load / Cross sectional 

area of the specimen. 

d) Split tensile strength test 

The concrete specimen should be a cylindrical shape having diameter of 150mm and length 

of 300mm. The test should be made at the age of 7, 14, 21 & 28 days (Appendix 18). Like 

that of compression testing, when the cubes had reached the required number of days needed 

for testing, it was removed from the water and the water was allowed to drain off for one day. 

After the concrete specimen (cylinder) taken out from the water prior to testing, it was 

transported from Adama Science & Technology University to Addis Ababa Science & 

Technology University for testing. 

Finally, a total of 60 cylindrical specimens of concrete were prepared & tested by using split 

tensile compression testing machine for 0%, 5%, 10%, 15% & 20% replacement of cement 

by ABP in concrete production.  

This test is conducted in a 3000 KN capacity of the compression testing machine which exists 

at Addis Ababa Science & Technology University by placing the cylindrical specimen of the 

concrete, so that its axis is horizontal between the plates of the testing machine. Finally, split 

tensile strength computed using the following formula: 

 

Where  

Fct – Tensile strength of concrete 

P – Maximum load in N/mm
2
 

L – Length of the specimen 

D – Diameter of the specimen 
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e) Flexure strength test 

Flexural strength is one measure of strength of a concrete. It is a measure of an unreinforced 

concrete beam to resist failure in bending. The flexural strength can be determined by 

standard test method of two-point loading. 

In this study, 60 beams of size 100mm x 100mm x 500mm were casted & used to find 

flexural strength. The system of loading used for finding the flexural strength as shown in 

Appendix 23. In case of two point loading, the critical crack may appear at any section of the 

pure bending zone. 

Like that of compressive and split tensile strength test, a total of 60 concrete specimens were 

casted for 0%, 5%, 10%, 15% & 20% replacement of cement by ABP in concrete production. 

After the beam taken out from the water prior to testing, it was transported to Addis Ababa 

Science & Technology University from Adama Science & Technology University for testing. 

Flexural strength was examined at 7
th

, 14
th

, 21
th

 & 28
th

 days using the following equation:  

F= PL/ (bd
2
) 

Where,  

F= Flexural strength of concrete in Mpa (N/mm
2
) 

P= Failure load in N  

L= Effective span of the beam in mm 

b= Breadth of the beam in mm   

3.5. Data processing and analyzing 

The collected data were organized and recorded on the excel data sheet. Both Quantitative 

and qualitative data were edited, coded and entered into computer using Microsoft excel of 

2007. Finally, descriptive statistics were used to present the data in the form of tables, figures 

and graphs. 
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CHAPTER 4 

RESULT AND DISCUSSION 

4.1. Chemical Properties of Animal Bone Powder (ABP)  

Chemical properties of Animal Bone Powder (ABP) were tested using MP-AES (Microwave 

Plasma-Atomic Emission Spectrometer) look at Appendix 24. Based on this experimental 

study ABP composed of different chemical constituents such as calcium, Ca 58.64%, Silicon, 

Si 1.80%, Aluminium, Al 0.21%, manganese, Mn 0.02%, Potassium, K 0.63% and Iron, Fe 

0.66% which is less than contents of pozzolanic material. This implies that ABP is not purely 

pozzolanic materials, but to some extent it contains cementitious properties (Figure 4.1). ABP 

can be used as supplementary cementitious materials when mixed in the right proportion for 

the intended strength. Thus, we need to know to what extent animal bone powder should 

replace cement so that it can bind or stick concrete making materials together as the result it 

can increase concrete strengths in all aspects. 

 

Figure 4. 1: Selected chemical composition values of ABP using MP-AES 

Different researchers were tried to determine chemical constituents of animal bone powder at 

different time using different equipments. Among these according to study done by Abrham 

Hawaz W/Amauel et.al (2018) and M. Kotb et al. (2010), ABP consists of almost similar 

chemical composition done in this study. But for Si and Al there is a variation with that of 

ordinary portland cement which might be due to the accuracy of equipment used for testing, 

nature (types of animal bone used; like cows, goat, sheep and etc.) and so on. 
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4.2 Concrete Making Materials Proportion 

For C-25 grade of concrete, the following quantities of concrete making materials (sand, 

course aggregate, cement and water) were used for making 1m
3
 of concrete (Figure 4.2). 

 

Figure 4.2: Quantity of materials required to produce 1m
3
 of C-25 grade of concrete 

4.3. Concrete Strengths in Partial Replacement of Cement by ABP 

In this study the test results obtained focuses on fresh (consistency) and hardened concrete in 

relation to compressive strength, split tensile strength and flexural strength with partial 

replacement of cement by ABP are discussed in detail as follows. 

4.3.1. Fresh Concrete Property 

4.3.1.1. Workability of concrete due to partial replacement of cement by ABP 

In order to know the consistency (workability) of concrete, the slump tests were performed to 

study the effects of partial replacement of cement by animal bone powder. A constant water 

to cement ratio (w/c) of 0.5 is used for all concrete mixes made (mechanical mix). The 

consistency of ABP blended cement paste was conducted by using Inverted slump cone test 

to observe the relative mobility of a freshly mixed cement paste. 

For the varying dosage of cement replacement by animal bone powder, it measured that the 

workability changes. This means for the same amount of water added, the normal consistency 

of concrete decreases as cement partially replaced with ABP. Concrete mixes made with 

partial replacement of cement by ABP indicated a slump reduction from the control specimen 

Cement, kg,  
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Sand (fine 
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Pie-chart showing quantities of materials 
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to 20% as shown in Figure 4.3. The main thing behind this truth is that one can understand 

easily from the study ABP need more water than cement in equal amount which reduces the 

slump height. In all cases of blending, the normal consistencies of the paste are within the 

standard ranges based on ASTM C-187-86 specification. 

 

Figure 4.3: Workability results of concrete varying dosage replacement of cement by ABP 

4.3.2. Hardened Concrete Properties 

The variation of different strength obtained with respect to the different curing period, and 

percentage replacements of cement by ABP are given for C25 concrete production as follow 

below. 

4.3.2.1. ABP Effects on the Concrete Compressive Strength 

It is known that the strength of concrete increases with increasing age. But in this study, due 

to the addition of animal bone powder as a partial replacement of cement, the strength of 

concrete was decreasing with increasing age. From Figure 4.4, it showed that at the 7
th

, 14
th

, 

21
th

, and 28
th

 curing period, average compressive strength recorded for the 0% replacement of 

ABP is increased as usual. Accordingly, the mean compressive strength recorded with 0% 

replacement of ABP for 7
th

, 14
th

, 21
th

, and 28
th

 curing period were 21.04MPa, 28.23MPa, 

31.12MPa and 33.63MPa respectively. This showed that as the age of concrete increases, its 

strength increases too for all control specimens (0% replacement of cement by ABP).  

When we compare these values, there were significant increments of about 7.19MPa, 

10.08MPa, & 12.59MPa strength from the 7
th

 day of age for 14
th

, 21
th

 & 28
th

 ages 
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respectively. Also, a decreased in compressive strength were observed for 7
th

 day in partial 

replacement of cement by ABP from control specimen as follows; for 5%, 10%, 15%, & 20% 

replacement of cement by ABP, there was a significant reduction of 2.75MPa, 4.67MPa, 

6.02MPa and 7.91MPa respectively. The test result also revealed that as percentage of ABP 

added increases, there is a decline in compressive strength for all curing periods.  

In similar fashion, there was significant decline of strength from control specimen (0%) to 

5%, 10%, 15%, & 20% replacement of cement by ABP for 14
th

 day of curing periods, i.e 3.96 

MPa, 7.07Mpa, 9.12MPa, 10.92MPa respectively. At the age of 21
th

 day, the recorded result 

was 31.12MPa, 27.15MPa, 25.23MPa, 21.22MPa, & 18.51MPa for 0%, 5%, 10%, 15%, & 

20% replacement of cement by ABP respectively. As known concrete need to attain 99% of 

strength at the 28
th

 curing period.  As the result, 28
th

 day compressive strength test result 

indicated the highest value among other curing periods that was 33.63MPa without addition 

of bone powder.  

In the same manner the rate of compressive strength development at 5%, 10%, 15%, and 20% 

were 30.45MPa, 28.20MPa, 23.64MPa, and 20.59MPa respectively. It means that the rate of 

compressive strength development at 5% replacement of cement by ABP in concrete 

production was decreased by 3.18MPa or 9.46% from 0% replacement. For 10% replacement 

the rate of compressive strength reduced by 5.43MPa or 16.15%, 2.25MPa or 7.39% from 0% 

replacement and 5% replacement respectively.  

Similarly, for 28
th

 curing period the following conclusions were made. 15% replacement of 

cement by ABP, the amount of compressive strength declined by 9.99MPa or 29.71%, 

4.56MPa or 16.17% from 0% and 10% replacement of cement by ABP respectively. While, 

in place of ABP 20% mix concrete, the total of compressive strength reduced by 13.04MPa 

or 38.77%, 3.05MPa or 12.94% from 0% and 15% replacement of cement by ABP 

respectively. As you can see from Table 4.1, the constituent of Si in ABP is very low when 

compared with that of ordinary Portland cement which has an impact on less formation of di-

calcium silicate and tri-calcium silicate during hydration process. Because basically these 

compounds are responsible for cements initial set and early strength gain which has an impact 

on the concrete strength. 
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Figure 4.4: Mean compressive strength results of varying dosage of ABP cement replacement 

4.3.2.2. ABP Effects on the Concrete Split Tensile Strength 

The effect of ABP addition by 0%, 5%, 10%, 15% and 20% on the split tensile strength of 

concrete is shown in Figure 4.5. As can be seen from the figure, there is a sharp reduction in 

the rate of strength at later ages.  That means with increasing ABP partially replaced cement, 

the results of the experiment was noted that mean split tensile strength decreased. 

Based on the study results, 7
th

 day maximum split tensile strength recorded was 2.24MPa for 

0% ABP replacement, while for ABP 5%, 10%, 15%, and 20% dosage indicated 2.17MPa, 

2.06MPa, 1.99MPa, and 1.93MPa respectively. This implies that as the dosage of ABP is 

increased, the split tensile strength is decreasing. This study is in conformity with the report 

obtained by Falade et al. (2012), and Javed et al. (2012). The decrease was as a result of 

reduction of C-S-H in the matrix due to reduction in the volume of OPC added.  

This shows that ABP is not purely pozzolanic material; hence, it has no good binding 

properties like that of ordinary portland cement which  might accounts for the reduction of 

strength of concrete blended with ABP.  
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On other hand, at the age of 14
th

 day, the tensile strength with varying animal bone powder 

dosage also decreased from the control specimen. From all curing periods of the concrete 

samples, the maximum mean split tensile strength was recorded at 28
th

 day testing age which 

was 3.62MPa without ABP replacement. The results of concrete specimens at different ages 

of curing period are shown in Figure 4.5. 

 

Figure 4.5: Mean Split Tensile strength results of varying dosage of ABP 

4.3.2.3. ABP Effects on the Concrete Flexural Strength 

Modulus of rupture results were evaluated by testing 100mm x100mm x 500mm concrete 

prism specimens. The behaviour of the prism while fracturing is almost identical with normal 

concrete. In this study, unreinforced concrete beam is subjected to flexural strength test using 

two-point loading test. Similar to that of compressive strength & split tensile strength 7
th 

day 

age of curing period results indicated that the rate of flexural strength with varying dosage of 

ABP were decreasing. That means 2.67MPa (0% ABP replacement), 2.33MPa (5% ABP 

replacement), 1.99MPa (10% ABP replacement), 1.82MPa (15% ABP replacement), and 

1.61MPa (20% ABP replacement) (Figure 4.6).  

In all cases for different curing period and ABP partially replaced cement the rate of flexural 

strength development is decreasing. That means the rate of flexural strength development of 
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concrete for ABP 5% dosage replacement by 0.34MPa or 12.73% reduction from the control 

specimen.  

For ABP 10% dosage replacement of cement, the rate of flexural strength reduced by 

0.68MPa or 25.47% from the control specimen. In similar manner, for 15% & 20% 

replacements of cement by ABP, there was a reduction of strength by 0.85 (31.84%), &1.06 

(39.70%) respectively from control specimen. In a similar fashion, for 14
th

 days age, the 

amount of flexural strength declined by 0.33MPa or 11.15%, 0.51MPa or 17.23%, 0.75MPa 

or 25.34%, 0.92MPa or 31.08% for 5% 10%, 15% & 20% replacement of cement by ABP 

respectively from control specimen. 

At 21
th

 days curing period, test results on the flexural strength with ABP 5% dosage cement 

replacement indicated 0.2 (6.15%) reduction of strength from the control value of 0% dosage 

of ABP, followed by ABP 10% dosage by 0.41 (12.62%), ABP 15% by 0.84 (25.85%), ABP 

20% by 1.12 (34.46%). Therefore, all of which indicated as the percent dosage of ABP 

increases, the flexural strength decreases. This might be due to the problem of less binding 

property of ABP when compared with chemical constituents exist in cement especially 

silicon amount. 

The concrete specimens were also examined for 28
th

 days. Based on the study result, 28
th

 day 

test showed the highest flexural strength which was 4.39MPa without addition of ABP. Also  

the rate of flexural strength development in partial replacement of cement by ABP in concrete 

production showed decrement. Hence for 5%, 10%, 15%, & 20% dosage indicated 3.77MPa, 

3.42MPa, 3.21MPa, 2.68MPa respectively. This showed that the rate of flexural strength 

development of ABP 5% dosage, decreased by 0.62MPa or 14.12% from control specimen. 

For 10%, 15% & 20% replacement of cement by ABP, flexural strength was reduced by 

0.97MPa or 22.09%, 1.18MPa or 26.88% & 1.71MPa or 38.95% from control specimen 

respectively. 

Based on the result at 28
th

 day flexural test, the strength reduction from the control specimen 

(i.e. ABP 0%) showed 14.12%, 22.1%, 26.88%, and 38.95% represented by ABP 5% dosage, 

ABP10% dosage, ABP15% dosage, and ABP 20% dosage cement replacement respectively. 

These indicate that the difference of flexural strength from the control specimen up to the 

20% of cement replacement experienced loss by almost half strength from the overall. 

Therefore, the replacement of cement by ABP in concrete production contributed negative 
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effect on the flexural strength of concrete when the percentage replacement of ABP 

increased. 

According to study done by M. Kotb et al. (2010), the strength of concrete rises suddenly 

with the replacement of the cement by animal bone powder to a certain percent as the age of 

concrete increases for control specimen. Where as in other cases the strength of concrete 

decreases as percent replacement of ABP increases with increasing concrete ages. As the 

percent replacement of cement by ABP increases, compressive strength, split tensile strength 

and flexural strength decreases due to insufficient binding and filling the voids between 

concrete making materials (cement, sand, coarse aggregate and water) together. 

 

Figure 4.6: Mean Flexural strength results of varying dosage of ABP 

4.4. The Optimum Percentage Dosage Replacement of ABP 

From the above study in all cases for compressive strength, split tensile strength, and flexural 

strength are clearly described here for optimum percentage replacement of cement by ABP as 

follows. The study revealed that compressive strength for 0% replacement, 5% replacement, 

and 10% replacement indicated 33.63MPa, 30.45MPa and 28.20MPa, respectively at 28
th

 

days.  
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From this study it was shown that for 5% dosage replacement compressive strength produced 

was almost relatively equal with that of control specimen. From the study it is also revealed 

that at 10% dosage replacement of ABP, the compressive strength gained more than the 

required C-25MPa mix design values. 

One basic thing in concrete production is to know the relationship between flexural strength 

and compressive strength. So, it is generally obvious that flexural strength of normal weight 

concrete is often approximated as 0.7 to 0.8 times the square root of the compressive strength. 

But, we can use the actual results of flexural strength up to 15% dosage replacement which is 

still above the minimum values.  

It is obvious that as the cement content increases, so does strength and durability. Hence, the 

main reason why ABP cannot substitute cement above 10% dosage in concrete is because of 

its lack of binding properties with the concrete making materials. On other hand, during 

partial replacement of cement by ABP in the concrete production, the bond between the paste 

and the aggregates gets weaker so that the strength became decreases. 

From the above study even if the strength of concrete was decreased with increasing animal 

bone powder as partial replacement of cement, the replacement of cement with animal bone 

powder till 10% gives the best results for the required strength without causing an impact on 

concrete strength. 

 

 

 

 

 

 

 



27 
 

CHAPTER 5 

CONCLUSION AND RECOMMENDATION 

5.1 Conclusion 

This research work investigated fresh and hardened properties of concrete partially replaced 

cement with Animal Bone Powder (ABP). Depend on the findings of results; the following 

conclusions are drawn: 

 MP-AES (Microwave Plasma-Atomic Emission Spectroscopy) were used to analysis 

elements which showed that ABP is reach in calcium. The study revealed that ABP 

contains calcium, Ca 58.64%. While the composition of other constituents such as Si, Fe, 

Al and etc were less in ABP which might has an impact on binding property of individual 

concrete making materials. 

 Workability of fresh concrete decreases as the replacement of cement by ABP increase 

which might be due to requirement of high water amount.  

 Compressive strength, split tensile strength and flexural strength of concrete test results 

decreased as percentage of animal bone powder (ABP) partial replacement of cement 

increased from 0 to 20% at 5% incremental interval rate. 

 This research results showed that optimum blending percentage of animal bone powder 

(ABP) as partial replacement of cement is 10% by weight. Therefore, animal bone 

powder (ABP) can be used in structural concrete production with optimum mix 

proportion without compromising mechanical behavior of concrete. 

5.2 Recommendations and future works 

Further comprehensive research works are recommended to understand long term effects and 

also cracking and stiffness, shear behavior, development of strength relations, and bond 

characteristics of using animal bone powder as partial replacement of cement in concrete 

production. Also, exploring use of additives that contain aluminium silicate which increases 

binding property in animal bone powder is open for research. This might increase optimum 

percentage of animal bone powder partial cement replacement without compromising 

concrete mechanical properties.  
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APPENDICES 

A) Laboratory tests and procedures 

i) Specific gravity and water absorption of course aggregate 

Theory 

Specific Gravity is the ratio of the weight of a given volume of aggregate to the weight of an 

equal volume of water. It is the measure of strength or quality of the specific material. 

Aggregates having low specific gravity are generally weaker than those with higher specific 

gravity values. 

Experimental procedures: 

 Weighing balance 

 Oven dry 

 Glass vessel of sufficient capacity 

 Air-tight container 

 Course aggregate sample 

 Observation sheet 

Appendix 1: Determination of specific gravity and water absorption of course aggregate 

 

S/No 

 

Description 

Sample number 

1 2 3 

1 Weight of a sample, g 1000 1000 1000 

2 Weight of vessel + sample + water (A), g 3372 3374 3371 

3 Weight of vessel + water (B), g 2754 2754 2754 

4 Weight of saturated & surface dry sample (C), g 990 992 993 

5 Weight of oven dry sample (D), g 982 984 983 

6 Specific gravity = [D/(C-(A-B)]    

7 Apparent specific gravity = [D/(D-(A-B)]    

8 Water Absorption, percentage dry weight = (C-D)*100/D, %    

 

 

 

 

Specific Gravity 2.64 2.65 2.61 

Mean Specific Gravity 2.63 

Apparent Specific Gravity 2.70 2.70 2.69 

Mean Apparent Specific Gravity 2.70 

Water Absorption 0.81 0.81 0.91 

Mean Water Absorption 0.85 
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ii) Specific gravity and water absorption of fine aggregate by Pycnometer 

Experimental procedures: 

 Weighing balance 

 Thermostatically controlled oven 

 Glass vessel of sufficient capacity 

 Air-tight container 

 Course aggregate sample 

 Observation sheet 

 Funnel 

 Glass rod 

 Wash bottle 

 Filter paper 

 Enamal tray 

 Pycnometer 

 Scoop 

 Fine aggregate sample

Appendix 2: Determination of specific gravity and water absorption of fine aggregate 

 

S/No 

 

Description 

Sample number 

1 2 3 

1 Weight of a sample taken , g 2000 2000 2000 

2 Weight of saturated & surface dry aggregate (C), g 500 500 500 

3 Weight of Pycnometer + sample + water (A), g 1826 1826 1826 

4 Weight of Pycnometer + water (B), g 1514 1517 1516 

5 Weight of oven dry sample (D), g 496 495.5 497 

6 Specific gravity = [D/(C-(A-B)]    

7 Apparent specific gravity = [D/(D-(A-B)]    

8 Water Absorption, percentage dry weight = (C-D)*100/D, %    

 

 

 

 

Specific Gravity 2.64 2.59 2.62 

Mean Specific Gravity 2.62 

Apparent Specific Gravity 2.70 2.66 2.66 

Mean Apparent Specific Gravity 2.67 

Water Absorption 0.81 0.91 0.60 

Mean Water Absorption 0.77 
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iii) Checking Silt Content of Sand 

Theory: The silt is a very fine particle which is less than the size of 150 Microns. Silt content 

is shrinking and expands due to the weather condition so it will affect the strength of the 

structure. 

Impacts of Silt 

 Crack shall be formed on concrete. (You may see some cracks in the wall) 

 Silt content is contains evaporated matters and salts. (You may see mortar shall be 

peeled while plastering) 

 It absorbs more water. (Expand & shrink due to the weather condition. 

 It will affect bonding between cement and aggregates. 

Objective 

Find out silt content in sand (fine aggregate) 

Required Apparatus 

 Measuring cylinder – 250ml 

 Sand specimen in its natural state  

 Water 

 Pinch of salt 

Procedure: 

 The measuring cylinder should be free from moisture and dry. 

 Fill the water up to 50 ml with 1% salt solution. 

 Then fill the sand into the cylinder up to the level of 100 ml. 

 Again add salt solution up to the level of 150 ml. 

 Finally, close the mouth of the cylinder and shake well then keep the cylinder on a flat 

surface. 

 The silt content shall be settled over the sand layer after 2 hours. 

 Repeat the procedure two more times to get the average 

Let 

V1 = Volume of silt layer (Silt settled over the sand layer). 

V2 = Volume of the sand layer (which is settled under the silt). 
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Appendix 3: Observation sheet used for checking silt content of sand 

S/No Description 
Sample number 

1 2 3 

1. Volume of pure sand (V1) 220 225 215 

2. Volume of silt (V2) 6.2 5.3 4.7 

3. Percentage of silt = 100*
1

2

V

V
 

2.82 2..36 2.19 

Average value 2.46% 
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Appendix 4: Chemical constituents of Animal bone powder using MP-AES 

S/No Elements 
Sample 

No 
ppm (mg/l) Average % Remark 

1 Al 
1 2.11 

2.08 0.21   
2 2.05 

2 Ca 
1 583.74 

586.44 58.64   
2 589.14 

3 Fe 
1 6.48 

6.55 0.66   
2 6.62 

4 K 
1 6.29 

6.27 0.63   
2 6.25 

5 Mg 
1 -62.80 

-65.75 - BDL 
2 -68.69 

6 Mn 
1 0.16 

0.16 0.02   
2 0.16 

7 Na 
1 -171.15 

-157.65 - BDL 
2 -144.16 

8 Si 
1 17.82 

17.96 1.80   
2 18.09 

 

NB: BDL: Below Detection Limit 

Appendix 5: Chemical composition (weight, %) of ABP and OPC. 

S/No Oxides ABP (Weight, %) OPC (Weight, %) 

1 CaO 52.45 62 

2 SiO2 1.34 20.39 

3 Al2O3 0.35 5.05 

4 Fe2O3 0.25 2.89 

5 MgO 1.3 2.07 

6 K2O 0.3 0.5 

7 Na2O 1.6 0.07 

Source: M. Kotb et al. (2010) 
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iv)  Determination of Initial & Final Setting Time of Cement 

Theory 

When cement is mixed with water, it hydrates and makes cement paste. This paste can be 

moulded into any desired shape due to its plasticity. Within this time cement continues with 

reacting water and slowly cement starts losing its plasticity and set harden. This complete 

cycle is called Setting time of cement. 

The Initial setting time of cement is the time when the cement paste starts losing its plasticity 

and final setting time of cement is the time when the cement paste completely loses its 

plasticity. Setting time is essential that cement set neither too rapidly nor too slowly. For 

OPC, usually the value of initial setting time is 30 minutes and final setting time is 10 hours. 

Objective 

 To determine the initial and final setting times of cement. 

Apparatus 

 Vicat apparatus 

 Balance of sufficient capacity 

 Gauging trowel 

 Stop Watch 

 Measuring Cylinder 

Procedure 

i. Initial Setting Time 

 Cement is mixed with 0.85 times the water required for standard consistency. 

 Immediately place the test block with the non-porous resting plate, under the rod 

bearing the initial setting needle. 

 Lower the needle and quickly release allowing it to penetrate in to the mould. 

 In the beginning the needle will completely pierce the mould 

 Repeat this procedure until the needle fails to pierce the mould for 5 + 0.5mm. 

 Record the period elapsed between the time of adding water to the cement to the 

time when needle fails to pierce the mould by 5 + 0.5mm as the initial setting time. 

ii. Final Setting Time 

 Replace the needle of the Vicat apparatus by the needle with an annular ring 

 Lower the needle and quickly release. 
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 Repeat the process until the annular ring makes an impression on the mould. 

 Record the period elapsed between the time of adding water to the cement to the time when 

the annular ring fails to make the impression on the mould as the final setting time. 

Figure: Vicat Apparatus 

 

Appendix 6: Determination of Initial & Final Setting Time of Cement 

Description  Trial 

1 2 3 Average values 

Weight of cement, g 300 300 300  

% of water added 30 32 33  

Penetration of needle from bottom 13 8 6  

Volume of water added 90 96 93  

Initial setting time, minutes 144 125 122 130.33 

Final setting time, minutes 245 233 290 256 

v) Slump Test 

Theory 

Concrete must always be made with a workability, consistency, and plasticity suitable for job 

conditions. Workability is a measure of how easy or difficult it is to place, consolidate, and 

finish concrete. Consistency is the ability of freshly mixed concrete to flow. Plasticity 

determines concrete‟s ease of molding. If more aggregate is used in a concrete mixture, or if 

less water is added, the mixture becomes stiff (less plastic and less workable) and difficult to 
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mold. Neither very dry, crumbly mixtures nor very watery, fluid mixtures can be regarded as 

having plasticity. 

The slump test is used to measure concrete consistency. Slump is indicative of workability 

when assessing similar mixtures. However, slump should not be used to compare mixtures of 

totally different proportions. 

The slump cone is a hollow frustum made of thin steel sheet with internal dimensions, as the 

top diameter 100 mm. The bottom diameter 200 mm, and height 300 mm. 

Aim: To determine the workability or consistency of concrete mix of given proportion by 

slump test. 

Apparatus: 

 Pan to mix concrete 

 Weighing balance 

 Trowel 

 Cone 

 Steel scale 

 Tamping rod 

 Mixing tray 

Procedures: 

1. Mix the dry constituents thoroughly to get a uniform colour and then add water. 

2. The internal surface of the mould is to be thoroughly cleaned and placed on a smooth, 

horizontal and non-absorbent surface. 

3. Place the mixed concrete in the cleaned slump cone in 4 layers each approximately 1/4 in 

height of the mould. Tamp each layer 25 times with tamping rod. Using the tampering rod 

or a trowel strike of the excess concrete above the concrete cone. Measure the vertical 

height of cone (h1). 

4. Slowly and carefully remove in the vertical direction. As soon as the cone is removed the 

concrete settles in vertical direction. Place the steel scale above top of settled concrete in 

horizontal position and measure the height of cone (h2). 

5. Complete the experiment approximately in two minutes after sampling. 

6. The difference of two heights (h1-h2) gives the value of slump 
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vi) Compressive Strength of Concrete Cubes-Lab Test & Procedures 

Theory 

Concrete is very strong in compression. It is assumed that whole of the compression will be 

taken up by the concrete while designing any RCC structure. The most important strength test 

for concrete is the compression test. 

Aim: To determine the compressive strength of given concrete mixes. 

Apparatus 

 Compression Testing Machine 

 Specimen mould 

 Tamping rod 

 Weighing device 

 Tools and containers for mixing. 

Procedures: 

1. Sampling of Materials- Samples of aggregates for each batch of concrete shall be of the 

desired grading and shall be in an air-dried condition. The cement samples on arrival at 

the laboratory shall be thoroughly mixed by using a suitable mixer in such a manner as to 

ensure the greatest possible blending and uniformity in the material. 

2. Proportioning- The proportions of the materials, including water in concrete mixes used 

for determining the suitability of the materials available, shall be similar in all respects to 

those to be employed in the work. 

3. Weighing- The quantities of cement, animal bone power, each size of aggregate, and 

water for each batch shall be determined. 

4. Mixing Concrete- The concrete shall be mixed in a laboratory using mixer in such a 

manner as to avoid loss of water or other materials.  

5. Mould- Test specimens cubical in shape should be 150mm × 150mm × 150mm. 

6. Compacting- The test specimens shall be made as soon as practicable after mixing and in 

such a way as to produce full compaction of the concrete with neither segregation nor 

excessive laitance. 

7. Keep the test specimens submerged underwater for stipulated time. 

8. As mentioned, the specimen must be kept in water for 7, 14, 21 or 28 days and for every 7 

days the water is changed. 
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9. Placing the Specimen in the Testing Machine- The bearing surfaces of the testing 

machine should be wiped clean and any loose sand or other material removed from the 

surfaces of the specimen which are to be in contact with the compression platens. 

10. In the case of cubes the specimen should be placed in the machine in such a manner that 

the load shall be applied to opposite sides of the cubes as cast that is not to the top and 

bottom. 

11. The axis of the specimen shall be carefully aligned with the centre of thrust of the 

spherically seated platen. No packing should be used between the faces of the test 

specimen and the steel platen of the testing machine. 

12. The load shall be applied without shock and increased continuously until the resistance of 

the specimen to the increasing load breaks down and no greater load can be sustained. 

13. The maximum load applied to the specimen shall then be recorded and the appearance of 

the concrete and any unusual features in the type of failure shall be noted. 

Calculation: Compressive Strength of concrete = Maximum compressive load / Cross 

Sectional Area. 

Observation: 

1) Mix proportion =…………………………. 

2) Date of casting=…………………………… 

3) Date of Testing=…………………………… 

4) Age of concrete=…………………………… 

5) Curing history=........................................... 

Appendix 7: Compressive strength recording format 

S/No Concrete 

age 

Cement, 

kg  

Sand, 

kg 

Course 

aggregate, kg 

 

w/c 

ABP replac., 

% 

Crushing 

load, kN 

Compressive 

strength, Mpa 

1 7th    0.5    

2 14th    0.5    

3 21th    0.5    

4 28th    0.5    
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Appendix 8:  Compression cube dimension 

 

vii) Split Tensile Strength of Concrete 

Aim: To determine the split tensile strength of concrete of given mix proportions. 

Theory: 

The tensile strength is one of the basic and important properties of the concrete. The concrete 

is not usually expected to resist the direct tension because of its low tensile strength and 

brittle nature. However the determination of tensile strength of concrete is necessary to 

determine the load at which the concrete members may crack. 

Apparatus: 

 Compression testing machine 

 tamping rods 

 weighing device 

 Tools and containers for mixing 
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 Tamper 

Procedure: 

1. Sampling of Materials- Samples of aggregates for each batch of concrete shall be of the 

desired grading and shall be in an air-dried condition. The cement samples, on arrival at 

the laboratory, shall be thoroughly mixed by using mixer in such a manner as to ensure 

the greatest possible blending and uniformity in the material. 

2. Proportioning- The proportions of the materials, including water, in concrete mixes used 

for determining the suitability of the materials available, shall be similar in all respects to 

those to be employed in the work. 

3. Weighing- The quantities of cement, each size of aggregate, and water for each batch 

shall be determined by weighing 

4. Mixing Concrete- The concrete shall be mixed by batch mixer, in such a manner as to 

avoid loss of water or other materials. 

5. Mould- The cylindrical mould shall be of 150 mm diameter and 300 mm height. 

6. Compacting- The test specimens shall be made as soon as practicable after mixing, and in 

such a way as to produce full compaction of the concrete with neither segregation nor 

excessive laitance. 

7. Curing- The test specimens shall be stored in a place, free from vibration, in moist air of 

at least 90 percent relative humidity and at a temperature of 27° ± 2°C for 24 hours 

8. Placing the Specimen in the Testing Machine- The bearing surfaces of the supporting and 

loading rollers shall be wiped clean, and any loose sand or other material removed from 

the surfaces of the specimen where they are to make contact with the rollers. 

9. Two bearings strips of plywood free of imperfections approximately (25mm) wide and of 

length equal to or slightly longer than that of the specimen should be provided for each 

specimen. 

10. The bearing strips are placed between the specimen and both upper and lower bearing 

blocks of the testing machine or between the specimen and the supplemental bars or 

plates. 

11. Draw diametric lines an each end of the specimen using a suitable device that will ensure 

that they are in the same axial plane. Centre one of the plywood strips along the centre of 

the lower bearing block. 

12. Place the specimen on the plywood strip and align so that the lines marked on the ends of 

the specimen are vertical and centered over the plywood strip. 
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13. Place a second plywood strip lengthwise on the cylinder, centered on the lines marked on 

the ends of the cylinder. Apply the load continuously and without shock. 

14. Record the maximum applied load indicated by the testing machine at failure. Note the 

type of failure and appearance of fracture. 

Observation and Calculation: 

1) Mix proportion =……………………………….. 

2) Date of casting=…………………………………. 

3) Date of Testing=…………………………………. 

4) Age of concrete=………………………………… 

Appendix 9: Compressive strength recording format 

S/No Concrete 

age 

Cement, 

kg  

Sand, 

kg  

Course 

aggregate, kg 

w/c ABP replac. 

,% 

Failure load, 

kN 

Split tensile  

strength, Mpa 

1 7
th
    0.5    

2 14
th
    0.5    

3 21
th
    0.5    

4 28
th
    0.5    

 

Calculate the splitting tensile strength of the specimen as follows: 

 

Where 

D: diameter 

L: Length, m 

P: maximum applied load indicated by testing machine, kN 

T: splitting tensile strength, 

Result: 

i. The average 7 Days Tensile Strength of concrete sample is found to be …..….. 

ii. The average 14 Days Tensile Strength of concrete sample is found to be …..….. 

iii. The average 21 Days Tensile Strength of concrete sample is found to be …..….. 

iv. The average 28 Days Tensile Strength of concrete sample is found to be …..….. 

 

 



43 
 

viii) Flexural Strength of Concrete 

Theory  

Flexural strength is one measure of the tensile strength of concrete. It is a measure of an 

unreinforced concrete beam or slab to resist failure in bending. 

It is measured by loading 100 mm x 100 mm concrete beams with a span length of 500 mm. 

The flexural strength is expressed as Modulus of Rupture (MR) in (MPa) and is determined 

by standard test methods ASTM C 78 (third-point loading) or ASTM C 293 (center-point 

loading). Flexural Strength of Concrete Flexural MR is about 10 to 20 percent of compressive 

strength depending on the type, size and volume of coarse aggregate used. However, the best 

correlation for specific materials is obtained by laboratory tests for given materials and mix 

design. The MR determined by third-point loading is lower than the MR determined by 

center-point loading, sometimes by as much as 15%. 

Procedure: 

1. Prepare the test specimen by filling the concrete into the mould in 3 layers of 

approximately equal thickness. Tamp each layer 35 times using the tamping bar as 

specified above. Tamping should be distributed uniformly over the entire cross section 

of the beam mould and throughout the depth of each layer. 

2. Clean the bearing surfaces of the supporting and loading rollers, and remove any loose 

sand or other material from the surfaces of the specimen where they are to make contact 

with the rollers. 

3. Circular rollers manufactured out of steel having cross section with diameter 38 mm will 

be used for providing support and loading points to the specimens. The length of the 

rollers shall be at least 10 mm more than the width of the test specimen. A total of four 

rollers shall be used, three out of which shall be capable of rotating along their own axes. 

The distance between the outer rollers (i.e. span) shall be 3d and the distance between 

the inner rollers shall be d. The inner rollers shall be equally spaced between the outer 

rollers, such that the entire system is systematic. 

4. The specimen stored in water shall be tested immediately on removal from water; whilst 

they are still wet. The test specimen shall be placed in the machine correctly centered 

https://www.aboutcivil.org/Determination-bending-moment-beam.html
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with the longitudinal axis of the specimen at right angles to the rollers. For moulded 

specimens, the mould filling direction shall be normal to the direction of loading. 

5. The load shall be applied at a rate of loading of 400 kg/min for the 15.0 cm specimens 

and at a rate of 180 kg/min for the 10.0 cm specimens. 

Safety & precautions: 

 Use hand gloves while, safety shoes at the time of test. 

 After test switch off the machine. 

 Keep all the exposed metal parts greased. 

 Keep the guide rods firmly fixed to the base & top plate. 

 Equipment should be cleaned thoroughly before testing & after testing. 

Formula: 

F= PL/ (bd
2
) 

Where,  

F= Flexural strength of concrete in MPa (N/mm
2
) 

P= Failure load in N  

L= Effective span of the beam in mm 

b= Breadth of the beam in mm   

d=Depth  of the beam in mm  

Appendix 10: Different particle fractions and its use 

S/No Particles Particle size Percentage Uses 

1 Powder and fine fraction < 0.63 mm 40 

Used for the production of the calcium 

phosphate pellets (contact 

precipitation) and as a mineral additive 

to animal feed 

2 Middle 0.63 - 2 mm 30 

Filter medium in community and 

household filters 

3 Course 2 - 4 mm 30 Filter medium in community filters 

Source: Oromia Self Help Organization (OSHO), 2018/2019 G.C 

 



45 
 

Appendix 11: Table showing quantity of materials required to prepare cube, cylinder & beam 

specimens at varying replacement of cement by ABP. 

S/N 

No of 

sample 

(s) 

Tests 

conducted 

Cement, 

kg 

Sand, 

kg 

Course 

Aggregate, 

kg 

Replacement, 

% 

ABP 

replacement, 

% 

1 

1 

Compression 

1.25 4.10 5.98 

0% 

0 

2 1.25 4.10 5.98 0 

3 1.25 4.10 5.98 0 

2 

1 

Split tensile 

1.96 6.39 9.39 0 

2 1.96 6.39 9.39 0 

3 1.96 6.39 9.39 0 

3 

1 

Flexural 

1.85 6.03 8.86 0 

2 1.85 6.03 8.86 0 

3 1.85 6.03 8.86 0 

Sub-Total 15.18 49.56 72.69   0 

1 

1 

Compression 

1.19 4.10 5.96 

5% 

0.06 

2 1.19 4.10 5.96 0.06 

3 1.19 4.10 5.96 0.06 

2 

1 

Split tensile 

1.86 6.39 9.39 0.1 

2 1.86 6.39 9.39 0.1 

3 1.86 6.39 9.39 0.1 

3 

1 

Flexural 

1.76 6.03 8.86 0.09 

2 1.76 6.03 8.86 0.09 

3 1.76 6.03 8.86 0.09 

Sub-Total 14.43 37.5 72.63   0.75 

1 

1 

Compression 

1.13 4.10 5.98 

10% 

0.13 

2 1.13 4.10 5.98 0.13 

3 1.13 4.10 5.98 0.13 

2 

1 

Split tensile 

1.76 6.39 9.39 0.2 

2 1.76 6.39 9.39 0.2 

3 1.76 6.39 9.39 0.2 

3 1 Flexural 1.67 6.03 8.86 0.19 
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2 1.67 6.03 8.86 0.19 

3 1.67 6.03 8.86 0.19 

Sub-Total 13.68 49.56 72.69   1.56 

1 

1 

Compression 

1.06 4.10 5.98 

15% 

0.19 

2 1.06 4.10 5.98 0.19 

3 1.06 4.10 5.98 0.19 

2 

1 

Split tensile 

1.67 6.39 9.39 0.29 

2 1.67 6.39 9.39 0.29 

3 1.67 6.39 9.39 0.29 

3 

1 

Flexural 

1.57 6.03 8.86 0.28 

2 1.57 6.03 8.86 0.28 

3 1.57 6.03 8.86 0.28 

Total 12.9 49.56 72.69   2.28 

1 

1 

Compression 

1 4.10 5.98 

20% 

0.25 

2 1 4.10 5.98 0.25 

3 1 4.10 5.98 0.25 

2 

1 

Split tensile 

1.57 6.39 9.39 0.39 

2 1.57 6.39 9.39 0.39 

3 1.57 6.39 9.39 0.39 

3 

1 

Flexural 

1.48 6.03 8.86 0.37 

2 1.48 6.03 8.86 0.37 

3 1.48 6.03 8.86 0.37 

Sub-Total 12.15 49.56 72.69 3.03 

Grand Total 68.34 235.7 363.39   7.62 
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Appendix 12: Table showing number of samples taken, tested conducted, age of concrete, 

ABP replacement, load recorded and amount of stress formed. 

S/N 
No of 

sample (s) 

Tests 

conducted 

Concrete 

Age 

(7th) 

Replacement, 

% 

ABP 

replacement, 

kg 

Load 

recorded, 

P, kN 

Stress, 

Mpa 

Average 

values 

1 

1 
Compression 

strength test 

7th 

0% 

0 485.6 21.58 

21.04 2 7th 0 470.5 20.91 

3 7th 0 463.8 20.61 

2 

1 
Split tensile 

strength 

7th 0 151.3 2.141 

2.24 2 7th 0 168.6 2.386 

3 7th 0 155.3 2.197 

3 

1 
Flexural 

strength 

7th 0 5.28 2.64 

2.67 2 7th 0 4.45 2.225 

3 7th 0 6.29 3.145 

1 

1 
Compression 

strength test 

7th 

5% 

0.18 

421.8 18.75 

18.29 2 7th 406.5 18.07 

3 7th 406.5 18.07 

2 

3 
Split tensile 

strength 

7th 

0.3 

141.4 2.001 

2.17 2 7th 165.4 2.340 

3 7th 153.48 2.172 

3 

1 
Flexural 

strength 

7th 

0.27 

5.28 2.64 

2.33 2 7th 4.2 2.1 

3 7th 4.51 2.255 

1 

1 
Compression 

strength test 

7th 

10% 

0.39 

350.2 15.56 

16.37 2 7th 380.2 16.90 

3 7th 374.9 16.66 

2 

1 
Split tensile 

strength 

7th 

0.6 

147.4 2.086 

2.06 2 7th 146.9 2.079 

3 7th 142.48 2.016 

3 

1 
Flexural 

strength 

7th 

0.57 

3.88 1.94 

1.99 2 7th 4.1 2.05 

3 7th 3.95 1.975 
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1 

1 
Compression 

strength test 

7th 

15% 

0.57 

335.6 14.92 

15.02 2 7th 332.4 14.77 

3 7th 345.6 15.36 

2 

1 
Split tensile 

strength 

7th 

0.87 

142.4 2.015 

1.99 2 7th 132.1 1.869 

3 7th 146.4 2.1 

3 

1 
Flexural 

strength 

7th 

0.84 

3.55 1.775 

1.82 2 7th 3.85 1.925 

3 7th 3.52 1.76 

1 

1 
Compression 

strength test 

7th 

20% 

0.75 

298.5 13.27 

13.13 2 7th 285.4 12.68 

3 7th 302.8 13.46 

2 

1 
Split tensile 

strength 

7th 

1.17 

135.3 1.914 

1.93 2 7th 136.4 1.930 

3 7th 138.4 1.958 

3 

1 
Flexural 

strength 

7th 

1.11 

3.32 1.66 

1.61 2 7th 3.21 1.605 

3 7th 3.14 1.57 

S/N 
No of 

sample (s) 

Tests 

conducted 

Concrete 

Age 

(14th) 

Replacement, 

% 

ABP 

replacement, 

kg 

Load 

recorded, 

P, kN 

Stress, 

Mpa 

Average 

values 

1 

1 
Compression 

strength test 

14th 

0% 

0 654.2 29.08 

28.23 2 14th 0 615.3 27.35 

3 14th 0 635.7 28.25 

2 

1 
Split tensile 

strength 

14th 0 206.7 2.925 

2.937 2 14th 0 208.6 2.952 

3 14th 0 207.4 2.935 

3 

1 
Flexural 

strength 

14th 0 5.88 2.94 

2.96 2 14th 0 5.99 2.995 

3 14th 0 5.89 2.945 

4 

1 
Compression 

strength test 

14th 

5% 0.18 

537.5 23.89 

24.27 2 14th 542.6 24.12 

3 14th 557.8 24.79 
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5 

3 
Split tensile 

strength 

14th 

0.3 

190.8 2.700 

2.715 2 14th 193.6 2.739 

3 14th 191.2 2.705 

6 

1 
Flexural 

strength 

14th 

0.27 

5.28 2.64 

2.628 2 14th 5.24 2.62 

3 14th 5.25 2.625 

7 

1 
Compression 

strength test 

14th 

10% 

0.39 

493.6 21.94 

21.16 2 14th 475.7 21.14 

3 14th 459.2 20.41 

8 

1 
Split tensile 

strength 

14th 

0.6 

182.2 2.578 

2.561 2 14th 180.6 2.555 

3 14th 180.2 2.550 

9 

1 
Flexural 

strength 

14th 

0.57 

4.84 2.42 

2.452 2 14th 4.92 2.46 

3 14th 4.95 2.475 

10 

1 
Compression 

strength test 

14th 

15% 

0.57 

362.5 16.111 

19.11 2 14th 369.4 16.418 

3 14th 362.2 16.098 

11 

1 
Split tensile 

strength 

14th 

0.87 

421.3 18.72 

2.352 2 14th 452.6 20.12 

3 14th 415.8 18.48 

12 

1 
Flexural 

strength 

14th 

0.84 

4.33 2.165 

2.205 2 14th 4.25 2.125 

3 14th 4.65 2.325 

13 

1 
Compression 

strength test 

14th 

20% 

0.75 

396.5 17.62 

17.31 2 14th 374.7 16.65 

3 14th 397.2 17.65 

14 

1 
Split tensile 

strength 

14th 

1.17 

143.1 2.025 

2.015 2 14th 141.6 2.004 

3 14th 142.5 2.016 

15 

1 
Flexural 

strength 

14th 

1.11 

4.02 2.01 

2.035 2 14th 4.15 2.075 

3 14th 4.04 2.02 
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S/N 
No of 

sample (s) 

Tests 

conducted 

Concrete 

Age 

(21th) 

Replacement, 

% 

ABP 

replacement, 

kg 

Load 

recorded, 

P, kN 

Stress, 

Mpa 

Average 

values 

1 

1 
Compression 

strength test 

21th 

0% 

0 710.2 31.56 

31.12 2 21th 0 692.3 30.77 

3 21th 0 698.4 31.04 

2 

1 
Split tensile 

strength 

21th 0 234.5 3.318 

3.324 2 21th 0 235.6 3.334 

3 21th 0 234.6 3.320 

3 

1 
Flexural 

strength 

21th 0 6.78 3.39 

3.25 2 21th 0 6.45 3.225 

3 21th 0 6.29 3.145 

4 

1 
Compression 

strength test 

21th 

5% 

0.18 

623.7 27.72 

27.15 2 21th 605.4 26.91 

3 21th 603.8 26.84 

5 

3 
Split tensile 

strength 

21th 

0.3 

225.6 3.192 

3.19 2 21th 225.8 3.195 

3 21th 224.9 3.182 

6 

1 
Flexural 

strength 

21th 

0.27 

6.01 3.005 

3.05 2 21th 6.07 3.035 

3 21th 6.21 3.105 

7 

1 
Compression 

strength test 

21th 

10% 

0.39 

552.3 24.55 

25.23 2 21th 587.4 26.12 

3 21th 563.6 25.05 

8 

1 
Split tensile 

strength 

21th 

0.6 

207.7 2.939 

2.93 2 21th 207.2 2.932 

3 21th 206.4 2.921 

9 

1 
Flexural 

strength 

21th 

0.57 

5.78 2.89 

2.84 2 21th 5.66 2.83 

3 21th 5.57 2.785 

10 

1 
Compression 

strength test 

21th 

15% 0.57 

489.3 21.75 

21.22 2 21th 465.2 20.68 

3 21th 478.1 21.25 
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11 

1 
Split tensile 

strength 

21th 

0.87 

191.5 2.710 

2.69 2 21th 188.6 2.669 

3 21th 190.2 2.7 

12 

1 
Flexural 

strength 

21th 

0.84 

4.93 2.465 

2.41 2 21th 4.82 2.41 

3 21th 4.72 2.36 

13 

1 
Compression 

strength test 

21th 

20% 

0.75 

170.2 2.41 

18.51 2 21th 170.5 2.41 

3 21th 171.6 2.43 

14 

1 
Split tensile 

strength 

21th 

1.17 

170.2 2.408 

2.42 2 21th 170.5 2.413 

3 21th 171.6 2.428 

15 

1 
Flexural 

strength 

21th 

1.11 

4.22 2.11 

2.13 2 21th 4.31 2.155 

3 21th 4.22 2.11 

S/N 
No of 

sample (s) 

Tests 

conducted 

Concrete 

Age 

(28th) 

Replacement, 

% 

ABP 

replacement, 

kg 

Load 

recorded, 

P, kN 

Stress, 

Mpa 

Average 

values 

1 

1 
Compression 

strength test 

28th 

0% 

0 

756.9 33.64 

33.63 2 28th 767.4 34.11 

3 28th 745.8 33.15 

2 

1 
Split tensile 

strength 

28th 

0 

267.3 3.782 

3.623 2 28th 251.4 3.557 

3 28th 249.5 3.530 

3 

1 
Flexural 

strength 

28th 

0 

9.62 4.81 

4.392 2 28th 8.11 4.055 

3 28th 8.62 4.31 

4 

1 
Compression 

strength test 

28th 

5% 

0.18 

682.6 30.34 

30.45 2 28th 685.3 30.46 

3 28th 687.5 30.56 

5 

1 
Split tensile 

strength 

28th 

0.3 

225.3 3.188 

3.205 2 28th 218.4 3.090 

3 28th 235.9 3.338 
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6 

1 
Flexural 

strength 

28th 

0.27 

8.28 4.14 

3.765 2 28th 7.19 3.595 

3 28th 7.12 3.56 

7 

1 
Compression 

strength test 

28th 

10% 

0.39 

518.3 23.036 

28.20 2 28th 531.2 23.609 

3 28th 528.5 23.489 

8 

1 
Split tensile 

strength 

28th 

0.6 

215.2 3.045 

3.04 2 28th 211.9 2.998 

3 28th 216.5 3.063 

9 

1 
Flexural 

strength 

28th 

0.57 

6.57 3.285 

3.42 2 28th 7.45 3.725 

3 28th 6.5 3.25 

10 

1 
Compression 

strength test 

28th 

15% 

0.57 

542.6 
 

23.64 2 28th 534.5 24.12 

3 28th 518.7 23.76 

11 

1 
Split tensile 

strength 

28th 

0.87 

202.6 23.05 

2.86 2 28th 199.3 2.820 

3 28th 204.7 2.896 

12 

1 
Flexural 

strength 

28th 

0.84 

6.55 3.275 

3.21 2 28th 5.7 2.85 

3 28th 6.98 3.49 

13 

1 
Compression 

strength test 

28th 

20% 

0.75 

451.8 20.08 

20.59 2 28th 462.5 20.56 

3 28th 475.8 21.15 

14 

1 
Split tensile 

strength 

28th 

1.17 

194.9 2.758 

2.68 2 28th 187.6 2.654 

3 28th 184.8 2.615 

15 

1 
Flexural 

strength 

28th 

1.11 

5.21 2.605 

2.68 2 28th 5.52 2.76 

3 28th 5.35 2.675 
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Appendix 13: Seiving course aggregate to get 20mm diameter size 

 

Appendix 14: Measuring specific gravity of course aggregate 
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Appendix 15: Preparation of animal bone powder and sieving using 150µm seive size 

 

Appendix 16: Washing fine aggregate (sand) to reduce its silt content to less than 6% & air drying 
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Appendix 17: Weighing different concrete constituents (sand, cement, ABP & Course 

aggregate from left to right) 

   

Appendix 18: Filling cubes with concrete & compacting  

 

Appendix 19: Disassembling molds from concrete specimens   
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Appendix 20: Slump (consistency) test 

 

Appendix 21: Prepared ABP & Dangote Cement from left to right 

 

Appendix 22: Labeling concrete specimen and putting in a curing tank 
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Appendix 23: Testing specimen at different ages and taking records for compressive, split 

tensile & flexural strength 

 

   

Appendix 24: MP-AES (Microwave Plasma-Atomic Emission Spectroscopy) used for elemental 

analysis that exist at Addis Ababa University, Arat Kilo Campus Chemistry Department 

  


