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ABSTRACT 
In this study, a multivariable power equation model capable of predicting the strength of concrete containing Cattle 
Bone Ash was developed. The CBA was used as a partial substitute for cement in the production of concrete. 
Concrete cubes with varying bone ash proportions were casted, and their compressive strength determined. The 
variables used in the model were water-cement ratio, fine aggregate-cement ratio, coarse aggregate-cement ratio and 
CBA-cement ratio. At the end of the regression analysis, the intercept and the independent coefficients were used to 
formulate the model. The model was used to predict the value of compressive strength of randomly chosen 
independent variables; the results were compared with experimental compressive strength values. The values 
obtained through the model were very close the experimental values, with more than 95% accuracy. In conclusion, 
the model developed in this study is efficient and can be used in predicting strength of cement-CBA concrete blend.  
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1. INTRODUCTION 
Thousands of cattle are slaughtered daily for consumption in Nigeria. According to Nigeria’s former minister of 
Agriculture and Rural Development, Ogbeh(2017), he stated that, Nigeria consume about 90,000 cattle daily. With 
the numbers of bones in a cow estimated at 207, therefore the number of the total bones generated daily in Nigeria is 
about 18,630,000. The  
bones generated from this action are too large that most end up as wastes which pollute the environment.  

The use of animal bones as partial replacement for cement will reduce the amount a bone in landfills thereby 
creating a clean and healthier environment. The immediate collection of these bones for concrete production will 
help to create cleaner abattoirs, reduce land and air pollution. Also, due to the low energy required to produce bone 
ash, more bone could be dried and incinerated in a day.  

According to Alabadan et al.(2005), they observed that using Cement and Rice Husk Ash (RHA) concrete 
minimizes cracks especially, cracks caused by heat. This is because, the OPC/RHC paste hydrates slowly and 
therefore evolve low heat making them suitable for use in concrete. In his article, Okpala(1993) noted that a 
maximum of 40% Rice Husk Ash (RHA) be used as partial replacement for cement in sandcrete blocks. In an 
experiment conducted by Mbachu and Kolawole (1998) they showed that concrete made with granite, sand, cement 
and Rice Husk Ash produced lower drying shrinkage and higher elastic moduli. This is quite different from concrete 
cast with river gravel.  

Cattle bone ash blended laterized concrete has been found to be efficient, adequate and a good substitute for 
cement. It was observed to follow normal strength development pattern Ubong et al.(2018). Removing CBA from 
dumping grounds and disposing them properly is a huge task that requires lots of resources and man power. The 
presence of CBA in abattoirs poses a serious health hazards when not quickly disposed. It presence in a particular 
spot would be a breeding ground for growth of fungi and other bacterial that is injurious to man. Shumet et al(2021) 
opined that disposing of bone waste into the environment highly pollutes the natural environment, causing bad smell 
and generates toxic chemicals that pollute rivers, soil and plants.    

Developing a mathematical equation is sure one of the greatest achievements of mathematicians. A 
mathematical equation or model containing various variables that can predicts concrete strength is indeed a valuable 
tool. Knowing the compressive strength of concrete is an important factor in determining the amount of load such 
concrete would carry without undergoing much deflection or failing. In this study, a model for predicting the 
strength of Cement(C)-Bone Ash(BA) concrete blend is developed. Over the years, researchers have tried in using 
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multiple regression models to improve the accuracy of predictions. Statistical models have proven to be fast and 
quick in performing predictions than other modeling methods and are easy to implement in computer programs. 
Popovics et al.,(2008) modified Abrams model by including additional variables such as slump and uses least square 
regression to determine equation coefficients. In addition to being very fast in carrying out prediction, statistical 
modeling is also mathematically rigorous and can also provide insight into the key factors influencing 7 days 
compressive strength through correlation analysis. These are the reasons statistical analysis was chosen as the tool 
for strength prediction in this study. 
 
F = b0 + b1W/C + b2Ca/Fa + b3A/C + b4C + b5W + b6BA. . . . . . .. . . . . . . .. . . .. . . . .. . . .(1) 
Where  
 
F = compressive strength 
W/C = water-cement ratio used 
C = quantity of cement used  
Ca/Fa = coarse aggregate-fine aggregate ratio 
A/C = aggregate-cement ratio 
W = workability 
BA = Bone Ash 
 
2. MATERIALS AND METHODS 
Bone Ash(BA) 
The chemical property of bone ash was considered due to its similarity with cement. Shumet et al.,(2021) observed 
that “calcium oxide and phosphorus pentaoxide (P2O5) are major compounds found in bone ash. This implies that 
bone ash can be used as a cement additive material for normal concrete. The Loss on Ignition (LOI) content was also 
observed to be 2.36% which was in accordance with ASTM C618, in which the maximum value is set to be 10%”.  
 
Chemical Analysis of BA 
Reproduced here is the chemical analysis test as described by Akinyele et al.,(2016). This researcher was unable to 
conducts the chemical analysis of the BA due to financial  
limitation.The bone ash was taken to a chemical laboratory for chemical analysis. He used the Atomic absorption 
photometer and Flame photo spectrometer to determine the elemental oxides such as CaO, SiO2, Al2O3, Fe2O3 and 
so on. These equipment uses light  to excite the ground atoms of each elements in the ashes at their respective 
characteristic wavelenght and intensity of  
emission to calculate the concentration according to their presence in the periodic table.  
 
Table1: Chemical composition of BA(Akinyele) 
S/N Percentage composition Weight Percentage 
1 CaO 76.31 
2 SiO2 2.28 
3 Al2O3 2.97 
4 Fe2O3 0.43 
5 Na2O 0.37 
6 LOI 0.37 
7 P2O5 5.57 
8 MnO2 0.086 
9 K2O 0.24 
10 MgO 1.21 
 
Cement(C) 
Dangote Portland cement was used for this study hydraulic cement and non-hydraulic cement. This research focuses 
on hydraulic cement (Portland Cement). 
Aggregate 
Fine aggregate was gotten along a road in Ezira town in Orumba south local government area of Anambra state, 
Nigeria. A well graded coarse aggregate was collected from Ogbunka in Orumba south in Anambra state, Nigeria. 
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Some of the properties of the materials used in this study are presented here. Dangote cement capable of producing 
42.5N/mm2 concrete strength after 28 days curing is used. The consistency value of the cement is found to be 25%, 
while its soundness is level is 2.7mm. The average specific gravity of the fine aggregates used is 2.58. The average 
size of the coarse aggregates used for this study is 22mm while its specific gravity is 2.60. Table 2 shows the 
quantity of each ingredient used in the control mix. 
 
Table 2: Mix proportion by mass 
Ingredients Cement Sand Gravel Water 
Mass(kg) 0.69 1.562 3.239 0.38 
 
Preparation test specimen 
Sixty (60) concrete cubes were casted with this water/cement ratio 0.45 but with varying cement/Bone Ash 
proportion(0% BA, 10% BA,20% BA, 30% BA and 40% BA) 12 samples  
each.  A known quantity of OPC and BA were weighed and replaced in the percentage ratio of  
100:0, 90:10, 80:20, 70:30 and 60:40. A mix ratio of 1:2:4 (cement, Sand, Coarse aggregate) by weight was adopted 
with water/cement ratio 0.55. The ingredients were thoroughly mixed  
until a homogenous mix is obtained. The mold is clean and the inner surfaces rubbed with grease to allow easy 
remover of the concrete after casting. The fresh concrete is well compacted(35  
times) in order to remove any void that may be present in the concrete. After 24hrs the concrete is demoulded and 
place under clean water for 7days. Curing of the specimen was by complete immersion in water. At the end of the 7 
days curing period, the concrete is removed from the water and dried. This is followed by properly placing the 
concrete cube in the universal testing machine(UTM) and a steady axial load of 140kg/cm2/min is applied on the 
specimen  
until cracking occurs. The maximum load carried by the cube just before it crumbles is noted. This experiment was 
carried out twelve(12) times for each specimen and the average compressive strength used. 
The compressive strength of a concrete can be calculated by dividing the maximum load the specimen can carry by 
the top surface area of the specimen: 
 
Compressive strength = Maximum load carried by specimen 
                                            Top surface area of specimen 
 
3. RESULTS AND DISCUSSION 
The compressive strength result is presented in Table 3 as shown below  
 
Table 3: Compressive test results at 7 days curing  

 
 

CS VIII CS IX CS X CS XI CS XII Average Compressive 
strength(KN/mm2) 

18.8 18.5 19.8 17.8 18.1 18.692 
17.5 19.5 16.5 18.5 17.3 17.259 
14.68 13.65 13.00 14.78 15.8 14.74 
12.55 12.5 12.95 11.55 11.75 12.85 
10.6 9.6 11.2 10.4 11.3 10.958 

 

Perct 
Repl. 

Compr str I(CS I) CS II CS III CS IV CS V CS VI CS VII 

0 18.99 19.01 18.75 17.20 19.30 18.5 19.55 
10 15.0 17.6 16.8 16.10 17.10 16.8 18.4 
20 14.0 14.4 15.0 15.5 14.3 15.4 16.4 
30 12.7 11.0 14.4 15.0 13.0 12.2 14.6 
40 9.0 10.0 12.7 12.0 12.2 10.7 11.8 
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For this study, the compressive strength is the dependent variables as it depends on the independent variables. The 
independent variables used in this research are water-cement ratio, fine aggregate-cement ratio, coarse aggregate-
cement ratio and Bone Ash-cement ratio. Table 5 below shows the values of the independent variables used in the 
multivariable power equation used in the statistical tool R. As the proportion of BA content in the design mix 
increases, the quantity of the cement decreases. These values are given in table 4 
 
Table 4: cement and BA content in various mixes 
Cement                        BA                % replacement 
0.69                          0                         0 
0.621                     0.069                     10 
0.552                     0.138                     20 
0.483                     0.207                     30 
0.414                     0.276                     40 
 
Table 5: Values of independent variables 
 Water-cement ratio                              0.55             0.612           0.688            0.787           0.918 
  Fine aggregate-cement ratio              2.264            2.515           2.83               3.234           3.773 
  Coarse aggregate-cement ratio          4.694            5.216           5.868             6.706           7.824 
  BA-cement ratio                                0                   0.111           0.25               0.429           0.667 
 
Modeling the equation 
Since the variables relating to the compressive strength are not linearly related, there is a need for another type of 
mathematical model that can predict strength of concrete with acceptable high accuracy. Considering the general 
form below; 
 
y = a0 + a1x1 + a2x2 + a3x3 ….amxm 
 
Take the log of both sides; 
 
Log(y) = log(a0) + a1log(x1) + a2log(x2) + a3log(x3) … amlog(xm) .. . . . .. . . . . . .. . . . . . . . . . (2)  
 
By taking the antilogarithm, we have; 
 
y = a0x1

a1.x2
a2.x3

a3…..…xm
am 

 
     This equation is called multivariable power equation and in engineering, variables are often dependent on several 
independent variables. This function dependency is best characterized by this equation and is said to give result that 
are more realistic too. This equation has been used successfully to predict the compressive strength for ordinary 
Portland cement also Kheder et al.,(2003).Multivariable power equation was used in this study for predicting 
strength of concrete. Using the results of the experiments, a simple mathematical model in expressing the strength in 
terms of quantities of cement and Bone Ash can be formulated using statistical method. 
 
y = f(x1, x2, x3, x4) where 
y = compressive strength of concrete 
x1 = water-cement ratio(independent variable) 
x2 = fine aggregates-cement ratio(independent variable)  
x3 = coarse aggregates-cement ratio(independent variable) 
x4 = BA-cement ratio (independent variable) 
 
The various data including the independent variables and the dependent variable are put in the R as shown in figure 
1 below: 
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Figure 1: Independent and dependent variables 
 
The RStudio is a powerful statistical tool with friendly user interface with a capacity to perform most statistical 
analysis. It is widely used by researchers in both engineering and science studies. At the end of the analysis, the 
intercept and the independent coefficients are calculated as shown in figure 2. 
 

 
Figure. 2: Coefficient result 
 
 Haven obtained the values of the intercept and the water-cement ratio, fine aggregates-cement ratio, coarse 
aggregates-cement ratio and BA-cement ratio coefficients, the relationship between the variables can be obtained by 
substituting the values in the proposed model 
 
Thus, 
 
ln(strength) = -9.966e + 01 - 3.988e – 01ln(WCR) – 1.418e + 02ln(FCR) + 1.411e + 02ln(CCR) – 8.394e – 
04ln(BACR)  
                     
Applying e to both sides, we can rewrite the equation as: 
 
strength = e-9.966e + 01 - 3.988e – 01ln(WCR) – 1.418e + 02ln(FCR) + 1.411e + 02ln(CCR) – 8.394e – 04ln(BACR)  

 

              
strength = 5.227e-44(WCR)-0.3988.(FCR)-141.8.(CCR)141.1.(CBACR)-0.0008394----------------------(3) 
 
Where  
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WCR = water cement ratio 
FCR = fine aggregate cement ratio 
CCR = coarse aggregate cement ratio 
CBACR = cattle bone ash cement ratio 
 
Equation (3) above is the Proposed Mathematical Model Model Validation 
 
To verify the accuracy of the proposed mathematical model data from specimen with 20%band 40% replacement are 
used to test this equation; 
 
Table 6: Data from 20% and 40% replacement 
                                  20%                           40% 
                  Water-cement ratio                                      0.688                            0.918 
                   Fine aggregates-cement ratio                      2.83                              3.773 
                   Coarse aggregates-cement ratio                  5.868                            7.824 
                   BA-cement ratio                                          0.25                               0.667 
  
For 20% replacement: 
strength = 5.227e-44(WCR)-0.3988.(FCR)-141.8.(CCR)141.1.(BACR)-0.0008394 

                 (6.068e – 44)(8.643e – 65)(2.716e +108)(1.001) 
                 5.2445724e – 108 
                 = 14.259N/mm2 
 
For 40% replacement: 
strength = 5.227e-44(WCR)-0.3988.(FCR)-141.8.(CCR)141.1.(BACR)-0.0008394 

                 (5.408e – 44.8)(1.682e – 82)(1.156e +126)(1) 
                 = 10.515N/mm2 
 
The discrepancies between the experimental values and the predicted values of the compressive  
strength are less than 5% which indicates that the proposed model in this study is accurate. With the above model, 
one can get the strength corresponding to any arbitrary combination of cement and bone ash. 
 
4. CONCLUSION 
This study has looked into the development of a model capable of predicting the compressive strength of concrete 
containing BA. The accuracy of the model is well above 95%. The regression model will reliably predict the 
compressive strength of concrete mix containing known quantity of BA. It is hereby recommended to be used in 
predicting compressive strength of cement-BA concrete blend. 
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