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Abstract 
In the distant past, humans harnessed 
the skeletal remains of animals to 
shape their environment. Cow bones, 
known for their exceptional strength 
that persists beyond death, slowly 
decompose over time. Building on this 
concept, we will explore the thermal 
buckling characteristics of a concrete 
slab. By incorporating crushed bovine 
bone particles after homogenization, in 
line with the principles of physical 
energy conservation, we aim to 
determine the highest temperature at 
which thermal buckling occurs. This 
study seeks to understand the thermal 
behaviour of buckling in concrete 

plates. Moreover, the widespread local 
consumption of cows encourages the 
recycling of bones from commonly 
eaten animals, aiming to reduce waste 
from homes and meat markets, lower 
the risk of harmful bacteria, and 
investigate potential future uses for 
these bones. Replacing fine sand with 
cow bone powder could benefit the 
economy and mining sectors by 
reducing environmental damage. 
Developing a new, efficient, 
environmentally friendly concrete 
marks a step forward in exploring 
alternative materials in concrete 
research. Mining not only helps 
conserve natural resources but also 
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supports the global effort toward 
environmental preservation and a 
green economy. Cow bone powder 
offers concrete significant benefits, 
promoting a sustainable method to 
integrate waste recycling into concrete 
production. 
Keywords: Cow Bone Powder, Panel, 
Thermal Buckling, Eco-friendly 
concrete. 
* Introduction  

This study delves into the 
thermal buckling instability of plates 
made from a novel composite material, 
specifically concrete reinforced with 
powdered bovine bones. It seeks to 
unveil the potential applications and 
advantages of this material across 
various domains such as economics, 
environmental conservation, mining, 
ecology, energy, and the enhancement 
of green energy policies. The research 
is anchored in the expertise of 
specialists who are deeply engaged 
with cow bone powder. Their 
investigations encompassed the 
production, characterization, and 
evaluation of the mechanical and 
tribological performance of 
composites reinforced with surface-
modified cow bone powder. It was 
discovered that salinization stands out 
as the optimal method for surface 

modification, significantly improving 
the mechanical, thermal, and wear 
resistance properties. These 
composites exhibit enhanced 
performance over their unmodified 
counterparts in aspects such as glass 
transition temperature, crystallization, 
hardness, and tensile strength [1]. 

The study posits cow bone 
powder as an economically viable and 
environmentally friendly material for 
substituting a portion of cement in 
concrete.  

Tests reveal that cow bone 
powder comprises nearly all the 
constituents of cement, albeit in 
different proportions. 

It was observed that concrete's 
strength enhances with age, recording 
the highest average compressive 
strength at 28 days when cement is 
partially substituted with cow bone 
powder [2].  

In comparing cow bone powder 
with demolished concrete within foam 
concrete, the study identified a 
significant impact on compressive 
strength, which increased at 18% and 
20% replacements but declined at 25%.  

This inclusion also introduces 
more air into the material, making it 
well-suited for lightweight 
construction applications.  
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The study, while focused on 
concrete Panels, provides a foundation 
for future inquiries [3].  

Cow bone, treated as bio-waste, 
has been transformed into an 
environmentally friendly and 
economically viable resource. This 
research utilized cow bone heads that 
were collected, cleaned, sun-dried, and 
milled into nanoparticle powder. 

Various characterization 
techniques such as scanning electron 
microscopy (SEM), energy-dispersive 
X-ray spectroscopy (EDX), and X-ray 
fluorescence (XRF) were employed. 
Image processing techniques enhanced 
the visual quality and resolution of the 
final product [4]. 

 Further exploring the utilization 
of waste materials, the study looked 
into the additive stabilization of 
highway lateritic soil with cow bone 
powder and plastic waste as sub-base 
materials. Soil samples classified 
under the CL group and A-6 material 
showed improved results with the 
introduction of hydrated lime, cow 
bone, and plastic waste, highlighting 
the composite's suitability for highway 
sub-base material [5]  

A study comparing cow bone 
powder and demolished concrete in 
foam concrete revealed that cow bone 

powder significantly impacts 
compressive strength. 

The research indicated that the 
compressive strength of foam concrete 
increased with 18% and 20% 
replacement levels but decreased at 
25%. Incorporating cow bone powder 
also introduces more air into the 
material, making it suitable for 
lightweight partitioning. 

The study's limitations are 
confined to concrete Panels; however, 
it could provide a basis for future 
research [6]. 

The research extends into the 
domain of agricultural waste 
management in Nigeria, demonstrating 
how pulverized cow bone ash and 
waste glass powder (PCBAWGP) 
enhance the compressive and tensile 
strength of concrete. 

This sustainable method not 
only reduces CO2 emissions but also 
extends concrete's lifespan, presenting 
a viable alternative to Portland cement 
[7]. 

 Addressing the global issue of 
bone waste, a bone powder miller was 
developed to convert cow bone waste 
into usable materials, thus contributing 
to waste reduction and sustainable 
agriculture [8]. 
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The dielectric properties of 
composite materials from cow bone 
and carbonized waste were examined, 
highlighting the improved thermal 
stability and dielectric properties of 
carbonized particles [10].  

The study further investigated 
cow bone powder's influence on the 
slurry suspension of retrograded rice 
starch for bone repair applications, 
noting optimized samples showed 
promising physical properties [11]. 

Investigations into the potential 
of waste cow bone and glass as partial 
cement substitutes in solid concrete 
bricks revealed that a mixture of beef 
bone powder and glass powder 
achieved optimal compressive 
strength, underscoring the material's 
environmental friendliness [12].  

Additionally, the study ventured 
into the production of phosphate 
fertilizer from cow bone waste, 
highlighting its high P2O5 content and 
endorsing its chemical efficacy [13].  

The sorption efficiency of waste 
cow bone powder (WCBP) for Pb2+ in 
aqueous solutions was evaluated, 
showcasing its potential as a 
remediation method for lead-
contaminated media [15].  

Another facet of the research 
explored the pozzolanic properties of 

cow dung powder (C.D.P.) as a partial 
cement replacement in concrete 
production, finding that a 20% 
replacement met the strength 
requirements for lightweight concrete 
[16]. 

The effects of incorporating 
animal bone powder (ABP) as a 
cement substitute were scrutinized, 
with findings indicating a significant 
impact on the mechanical properties of 
concrete at varying dosages, 
advocating for an optimal dosage of 
10% by weight for concrete mix 
production [18]  

An optimum dosage of 10% by 
weight is recommended for the 
production of normal concrete mixes.  

Construction industry experts in 
Ethiopia are endeavoring to enhance 
the quality and ease of use of materials 
in construction projects.  

Nevertheless, the utilization of 
alternative materials, such as Ambo 
Sandstone Fine Aggregate (ASFA), 
has been limited due to the neglect of 
proper procedures. 

According to Ethiopian standard 
specifications, quarry samples from 
SENKELE and ALELTU exhibited 
high silt content, surpassing 6%. 

By removing the silt, the content 
was reduced to 5.3%, below the 
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maximum allowed limit of 6%. 
Consequently, ASFA has been deemed 
suitable for use in concrete mix 
production and strength assessment. 
Priced at 140 ETB per cubic meter, 
Ambo Sandstone Fine Aggregate is 
more affordable than river sand. 
However, it is crucial to wash ASFA 
thoroughly before its use in 
construction projects to ensure optimal 
results [19]. 

 Lastly, the study examined the 
suitability of Ambo Sandstone Fine 
Aggregate (ASFA) for concrete 
production, emphasizing the 
importance of silt removal and proper 
preparation for enhancing material 
quality and performance [20].  

This comprehensive 
investigation, using both experimental 
and analytical methodologies, 
contributes significantly to the fields of 
material science and sustainable 
construction, offering novel insights 
into the utilization of cow bone powder 
and other waste materials in enhancing 
concrete's thermal and mechanical 
properties. The primary objective of 
this study is to develop a mathematical 
model grounded in physics to 
investigate the instability of a thin 
Panel reinforced with fine cow bone 
particles.  

Additionally, the work aims to 
create a model that assists the field of 
civil engineering in addressing issues 
related to biomass concrete.  

Furthermore, this research 
explores the thermal behavior of a 
novel concrete formulation, thereby 
contributing to advancements in 
construction materials. 
1- Homogenization by Methods (FU 
and SHY) ]21[  

As previously stated in the 
introduction, the homogenization and 
the FU and SHY models have been 
addressed. The following formula 
determines all properties [21]:- 

As previously stated in the 
introduction, the homogenization and 
the FU and SHY models have been 
addressed. The following formula 
determines all properties [21]:- 

  
Where:   (the effectiveness 

of cow's bones powders). 

 
Moreover, we employ the 

elasticity formula to ascertain the shear 
modulus.  : 

 

. . . . . .

. . . . . .

H C B P C B P C B P C C

H C B P C B P C B P C C

E E V E V
V V

z
r z r r

= +

= +  (1) 
. . . . . .

. . . . . .

H C B P C B P C B P C C

H C B P C B P C B P C C

V V
V V

a z a a
l z l l

= +

= +  (2) 
. . . . . .H C B P C B P C B P C CV Vn z n n= +  (3) 

 

. .P B Cz

. .0 1C B Pz! !  (4) 
 

HG

2(1 )
H

H
H

E
G

n
=

+  (5) 
 



 

6 
MODEL PHYSICS TO CALCULATE THE THERMAL BUCKLING OF A THIN ECO-

CONCRETE PANEL REINFORCED BY COW BONES 

Knowing that the volume 
(Matrix plus reinforcement equal 
one):- 

 
The effectiveness of 

reinforcement is determined by the 
ratio between the minimum and 
maximum diameters of Cow Bone 
Particles. 

 

 
When:- 
 

 
Table 1. The physical, mechanical, and 
thermal properties of concrete based on 

cow bones by rule of homogenization FU 
SHY [21] 

 
We show from the physics 

literature to address the problem of 
determining the critical buckling 
temperature, a key factor in the study 
of instability. By defining work and 
mechanical energy being a scalar 
quantity we aim for a quantitative 

characterization of the various forms of 
motion considered in physics.  

The principle of conservation 
and transformation of energy states 
that within an isolated system, the total 
energy, regardless of its form, remains 
constant [26].  

Other study focuses on 
designing and fabricating a gasifier to 
produce liquid fuel from plum seeds, 
specifically Spondias mombin.  

The gasifier was constructed 
using materials selected for their 
thermal, mechanical, and physical 
properties.  

Performance evaluations were 
conducted, revealing various 
parameters such as operating time, fuel 
combustion rate, and combustion zone 
temperature [27].  

Other work investigates the 
incorporation of pulverized cow bone 
ash and waste glass powder 
(PCBAWGP) in concrete production, 
demonstrating that this method is 
sustainable, diminishes waste, and 
lowers CO2 emissions by reducing the 
Portland cement content required in 
cement production.  

This strategy is especially 
advantageous in urban settings [28].  

The experiments examined the 
utilization of burnt and crushed cow 

. . 1C C B PV V+ =  (6) 
 

. .
Min

P B C
Max

D
D

z =
 (7) 

 

. .
950 0.95

1000
Min

P B C
Max

D m
D m

µz
µ

= = =  (8) 
 

M 
VC 

(%) 

VC.B.P 

(%) 

E 

(GPa) 
n 

G 

(Gpa) 
5-×10a 

r 

)3(Kg/m 

l 

(W/mK) 

C [28] - - 30 0.3 9.62 1 2500 0.92 

C.B.P[29] - - 22 0.4 7.86 1.3 2000 0.30 

C+10%C.B.P 90 10 29.16 0.31 9.42 1.027 2446 0.857 

C+20%C.B.P 80 20 28.31 0.32 9.22 1.055 2392 0.795 

C+30%C.B.P 70 30 27.47 0.33 9.03 1.082 2338 0.732 
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bones (BCCB) as a partial substitute 
for fine aggregate in concrete.  

The results indicated that BCCB 
acts as a retarder, leading to an increase 
in the water-cement ratio and 
compressive strength [29]. 

In other research investigates the 
production of phosphate fertilizer from 
cow bone waste in Indonesian 
slaughterhouses, concentrating on how 
the concentrations of phosphoric and 
sulfuric acid impact the quality of the 
fertilizer [30].  

We will integrate and compare 
the experimental data with the Young's 
modulus using the developed law, 
alongside other empirical formulas, for 
calculating concrete's behavior at the 
ultimate limit state.  

The study conducted by N. M. 
Ogarekpe et al. explored the use of 
burnt and crushed cow bones (BCCB) 
as a partial substitute for fine aggregate 
in concrete.  

The findings revealed that 
BCCB acts as a retardant, leading to an 
increase in the water-cement ratio and 
a decrease in the average compressive 
strength, which falls below the 
recommended minimum strength [30]. 

Our research contrasts the 
Young's modulus values as specified in 
various standards, including the British 

Standards Institution (BSI) [31], 
American Concrete Institute (ACI) 
guidelines [32], concrete in the limit 
state RBA 60 [33], BAEL 91/99 [34], 
and the Eurocode 2 (EC2) [35] and 
(BAEL80) [36]. We focus on the 
secant modulus of elasticity of 
concrete, which accounts for 
instantaneous deformation, comparing 
it across different international 
regulations as presented in Table 2. 
From Figures 1 and 2, it is observed 
that the modulus of elasticity, as 
determined by the FU SHY rule 
developed, allows us to conclude that 
this rule can provide a safety margin of 
15%. This margin serves as an 
additional indicator for initiating 
studies through mathematical 
development, which aligns more 
closely with reality. All the thermo-
mechanical parameters exhibit a 
gradual decrease with a very slight 
reduction, maintaining the concrete's 
stress standard above 25 GPa. 

Table 2: Secant modulus of elasticity of 
concrete (instantaneous deformation) By 

the different international regulations with 
the effective modulus of elasticity (rule of 

FU SHY). 
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Figure 1. Secant modulus of elasticity of 
concrete (instantaneous deformation) By 

the different international regulations with 
the effective modulus of elasticity (rule of 

FU SHY) 

 
Figure 2. Secant modulus of elasticity of 
concrete (instantaneous deformation) By 
the two rules (ACI and EC2), which are 

very close to the effective elasticity adopted 
by (The FU SHY rule) 

 
We notice that each time the 

concentration of cow bone powder 
particles increases, there is a small 
decrease in the calculated 
instantaneous modulus of concrete. 
The European code standard for the 
calculation of concrete structures is the 
closest; thus, the American standard is 
noted successively as (EC2) and (ACI).  
So, the FU SHY rule is the closest to 
homogenizing the mechanical and 
thermal properties of this new type of 
concrete. 

 
We would like to highlight some 

of the work on homogenization that our 
research team has conducted at the 
laboratory (LSMAGCTP), such as:- 

Benfrid and the team at 
LSMAGCTP explored the 
"Thermomechanical Analysis of Glass 
Powder Based Eco-concrete Panels: 
Limitations and Performance 
Evaluation."  

This study examines the use of 
glass powder as an additive in 
concrete, utilizing Eshelby's model to 

M 
EH 

[21] 

sc28 

[30] 

EBS 

I[31] 

EACI 

[32] 

ERBA60 

[33] 

EBAEL80 

[36] 

EBAEL91/99 

[34] 

EEC2 

[35] 

C [28] 30 30 27.96 30.67 38.34 37.28 34.17 30.58 

C.B.P[29] 22 - - - - - - - 

C+10%C.B.P 29.16 30 27.71 30.26 37.83 37.28 33.87 30.34 

C+20%C.B.P 28.31 29.2 27.32 28.00 35.00 36.95 32;16 28.96 

C+30%C.B.P 27.47 24.8 26.26 27.88 34.86 34.99 32.08 28.89 

 

0.5
285.6*( )ijE s=  [32] 

0.32822000*( )10ijE
s

=  
[35] 
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determine composite properties and a 
higher-order shear deformation plate 
theory for simulation. 

The analysis includes the effects 
of glass powder volume, geometric 
parameters, and thermal loading, 
highlighting challenges and suggesting 
alternative optimization approaches 
[38] .Benbakhti and al investigated 
"An Analytical Analysis of the 
Hydrostatic Bending to Design a 
Wastewater Treatment Plant Using a 
New Advanced Composite Material." 
In response to drought-induced water 
scarcity, this research focuses on 
enhancing WWTP structures with 
nano-tungsten particles in stainless 
steel. The study uses Mori-Tanaka’s 
homogenization model to analyze 
hydrostatic bending performance, 
demonstrating significant 
improvements in flexural strength with 
increased tungsten content [39]. 
Mohammed Chatbi and team examined 
"Nano-Clay Platelet Integration for 
Enhanced Bending Performance of 
Concrete Beams Resting on Elastic 
Foundation: An Analytical 
Investigation." This paper explores the 
reinforcement of concrete beams with 
various clay nano-platelets using 
quasi-3D beam theory and Eshelby’s 
model.  

The study assesses the static 
behavior of beams, considering factors 
like nano-platelet type and volume, 
providing new insights into structural 
resistance improvements [40]. 

HARRET and colleagues 
studied "Modeling the Thermoelastic 
Bending of Ferric Oxide (Fe2O3) 
Nanoparticles-Enhanced RC Slabs." 
This research presents a refined shear 
deformation theory for concrete slabs 
reinforced with Fe2O3 nanoparticles. 
Using Eshelby's model, the study 
evaluates the effects of mechanical and 
thermal loads, showing a 45% 
reduction in transverse displacement 
under mechanical loading with Fe2O3 
reinforcement [41]. 
2- The Thermal Buckling (Physic-
mathematical model to calculate 
thermal buckling) 

The total energy is written as 
follows 

 
kinematic kinetic energy 

 
Rotational kinetic energy 

 
So, the overall kinetic energy is written 

 

ToT C P TW W W W= + +  (8) 
 

21
2

C
C V

W v dvr= ò  (9) 
 

2 2

1

( )
( )

2 2

k
R i i i i c
C

i

m v m v v
W

=

-
= +å  (10) 

 

2 21 ( )
2 2 2C
mv JW w

= +  (11) 
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Internal and external potential energy. 
 

 
Internal and external potential energy 

with rotation 

 
For a homogeneous, isotropic and 

elastic body Linearly 

 
Rotational 

 
The rotation 

 
The Gravity 

 
The gravitational gradient is written. 

 
The second derivative of gravitational 

gradient is written 

  
We recall that Laplacian is denoted as. 
 

 
The angulation is defined as follows. 

 
Potential Energy. 

 
Thermal Energy 

 
Total energy applied to the body 

(Variation virtual). 

 
Other writing. 

 
The variation of total energy compared 
to an effective time. 

 
In energy conservation the derivative 

of total is equal to zero. 

 
For a surface element of a body, the 

sliding force is written. 

 
The variation of the three forces 
generated on the body in a system of 
three axes (x; y; z). 

 
The power efforts or results are given. 

 
The sliding effort. 

 

intout
p p pW W W= +  (12) 

 

1
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The rotations or moments results are 
given. 

 
Axial rotations in space. 

 
Speeds in Space in Cartesian Frame. 

 
Speeds in General in Cartesian 
Coordinates. 

 
Speeds in General in Polar 
Coordinates. 

 
By combinations we have. 

 
Note that. 

 
And. 

 
In ether to 

 
The Radiation 

 
The Angulation 

 
By an order of modes, we can write for 

X axe. 

  
By an order of modes, we can write for 
Y axe. 

 
The energy accumulation (rigidity) is 
defined as. 

 
By integrating physical work, we can 
arrive at a field of movement. 

 
The variation in equilibrium state in 
elasticity [27].    

 
The displacements 

 
The distortions 

 
Compatibility function in step of 
stability 
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When 

 
And 

 
Energy variation by virtual principle. 

 
Normal stresses are defined in 
elasticity as follows. 

 
Or. 

 
Lengthening. 

 
Cutting stresses in rotation. 

 
Shear stresses. 

 
Shear angle 

 
The Rigidity. 

 
In other. 

 

Were. 

 
When 

 
Their Other. 

 
The Flexibility 

 
The variation of the critical 
temperature. 

 
The high order shear estimation 
function. 

 
And 

 
The variation of the additional critical 
temperature. 
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The surface area and volume of a plate.                           

 
3- The comparison or validation of 
the Thermal buckling (Physic-
mathematical model to calculate 
thermal buckling) 

After carrying out the 
calculation algorithm with MAPLE 13, 
we need to compare our findings with 
those from other research, such as the 
study on the thermal buckling of a 
concrete Panelwith simple supports 
conducted by CHENG X-s [37]. The 
comparison is detailed in Table 4. It's 
important to note that S.D. represents 
the simple deflection method 
employed by CHENG X-s [37] for 
conditions where ath=10-5 °C and 
n=1/6 and E =25 GPa. C.P.T stands for 
Classical PanelTheory, F.S.D.T 
represents the First-Order Shear 
Deformation Theory with a correction 
coefficient for estimating the shear 
coefficient. Lastly, H.S.D.T is the 
Higher-Order Shear Deformation 
Theory where shear is evaluated 
through a function dependent on the 

thickness h and the function for z, as 
shown in Table 3. 

Table 3. The calculation functions for 
thermal buckling in this work 

 
Table 4. Comparison of calculations by the 
model created and the results of CHENG 

X-s [37] 

 
The results of the selected 

parameters are in alignment with those 
reported by CHENG. This study 
focuses on exploring variations in 
Panelgeometry and adjustments in 
reinforcement through the 
incorporation of cow bone powder at 
concentrations of 10%, 20%, and 30%. 
* Results and discussions 

We initiated the calculation of 
the critical temperature leading to 
instability induced by thermal flame, 
subsequent to confirming and 
validating the arithmetic 
programming, as indicated in Table 4. 
Initially, our investigation focused 
solely on ordinary concrete. Then, with 
each iteration, we augmented the 
concentration of cow bone particles. 
The results for ordinary concrete are 
presented in Table 5, while those for 
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*
* *

S a b
V a b h
=
=  (72) 

 

Function S.D C.P.T F.S.D.T H.S.D.T 
f(z) - - z Eq (67) 

g(z) - - 𝑘 =
5

6 − 𝜗2
 Eq (68) 

 

Function S.D[37] C.P.T F.S.D.T H.S.D.T 

𝒃 = 𝟏 ∗ 𝒂; 	𝒂 = 𝟑𝟎 ∗ 𝒉 156.6 159.03 158.53 158.96 

𝒃 = 𝟑 ∗ 𝒂; 𝒂 = 𝟑𝟎 ∗ 𝒉 87.1 88.45 88.21 88.33 
𝒃 = 𝟏 ∗ 𝒂; 𝒂 = 𝟒𝟎 ∗ 𝒉 88.1 49.45 89.31 89.43 
𝒃 = 𝟑 ∗ 𝒂; 𝒂 = 𝟒𝟎 ∗ 𝒉 48.9 49.69 49.66 49.69 
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concentrations of 10%, 20%, and 
30% of cow bone powder or fine 
particles are provided in Tables 6, 7, 
and 8, respectively.We observe that an 
increase in two geometric ratios leads 
to a reduction in the critical 
temperature, resulting in thermal 
instability. The first ratio is the width-
to-length ratio (b/a), and the second is 
the length-to-thickness ratio (a/h). 

On the other hand, we notice that 
the discrepancy among the three 
Paneltheories is minor, possibly 
attributed to the Panelbeing extremely 
thin or not very thick. Bone powder 
exerts a favourable impact on thermal 
instability by lowering the temperature 
at which buckling initiates. This 
signifies a notable advancement in 
civil engineering, as the thermal 
resistance enhances with the 
introduction of this novel concrete 
derived from bovine waste. When 
calculating the ratio of the critical 
temperature of each successive large 
volume fraction to the preceding one, 
we discover a consistent coefficient, 
approximately equal to 0.93. The most 
favourable outcomes are achieved with 
the 30% cow powder fraction. Since 
this addition constitutes a BioSource 
material, we are constrained from 
exceeding 30% of such materials. 

Table 5. The results of the critical buckling 
temperature DTcr of ordinary concrete noted 

C. 

 
Table 6. The results of the critical buckling 

temperature DTcr of ordinary concrete 
reinforced by 10% with cow bone powder 

noted C+10%C.B.P. 

 

Function C.P.T F.S.D.T H.S.D.T 
𝒂 = 𝟑𝟎 ∗ 𝒉 

𝒃 = 𝟏. 𝟎𝟎 ∗ 𝒂 163.38 163.04 163.29 
𝒃 = 𝟏. 𝟐𝟓 ∗ 𝒂 133.97 133.14 133.92 
𝒃 = 𝟏. 𝟓𝟎 ∗ 𝒂 117.97 117.82 117.96 
𝒃 = 𝟏. 𝟕𝟓 ∗ 𝒂 108.36 108.21 108.33 
𝒃 = 𝟐. 𝟎𝟎 ∗ 𝒂 102.11 101.97 10.09 
𝒃 = 𝟐. 𝟐𝟓 ∗ 𝒂 97.82 97.70 97.80 
𝒃 = 𝟐. 𝟓𝟎 ∗ 𝒂 94.76 94.65 94.73 
𝒃 = 𝟐. 𝟕𝟓 ∗ 𝒂 92.49 92.38 92.47 
𝒃 = 𝟑. 𝟎𝟎 ∗ 𝒂 90.76 90.66 90.74 

𝒂 = 𝟑𝟓 ∗ 𝒉 
𝒃 = 𝟏. 𝟎𝟎 ∗ 𝒂 120.03 119.84 119.99 
𝒃 = 𝟏. 𝟐𝟓 ∗ 𝒂 98.43 98.30 98.41 
𝒃 = 𝟏. 𝟓𝟎 ∗ 𝒂 86.69 86.59 86.67 
𝒃 = 𝟏. 𝟕𝟓 ∗ 𝒂 79.61 79.53 79.59 
𝒃 = 𝟐. 𝟎𝟎 ∗ 𝒂 74.02 74.95 75.01 
𝒃 = 𝟐. 𝟐𝟓 ∗ 𝒂 71.87 71.79 71.86 
𝒃 = 𝟐. 𝟓𝟎 ∗ 𝒂 69.62 69/55 69.61 
𝒃 = 𝟐. 𝟕𝟓 ∗ 𝒂 67.96 67.89 67.94 
𝒃 = 𝟑. 𝟎𝟎 ∗ 𝒂 66.69 66.63 66.67 

𝒂 = 𝟒𝟎 ∗ 𝒉 
𝒃 = 𝟏. 𝟎𝟎 ∗ 𝒂 91.90 91.78 91.87 
𝒃 = 𝟏. 𝟐𝟓 ∗ 𝒂 75.36 75.28 75.34 
𝒃 = 𝟏. 𝟓𝟎 ∗ 𝒂 66.37 66.31 66.93 
𝒃 = 𝟏. 𝟕𝟓 ∗ 𝒂 60.96 60.90 61.36 
𝒃 = 𝟐. 𝟎𝟎 ∗ 𝒂 57.44 57.39 57.44 
𝒃 = 𝟐. 𝟐𝟓 ∗ 𝒂 55.02 54.98 55.01 
𝒃 = 𝟐. 𝟓𝟎 ∗ 𝒂 53.30 53.25 53.30 
𝒃 = 𝟐. 𝟕𝟓 ∗ 𝒂 53.02 52.00 52.01 
𝒃 = 𝟑. 𝟎𝟎 ∗ 𝒂 51.25 51.01 51.04 

𝒂 = 𝟒𝟓 ∗ 𝒉 
𝒃 = 𝟏. 𝟎𝟎 ∗ 𝒂 72.61 72.54 72.60 
𝒃 = 𝟏. 𝟐𝟓 ∗ 𝒂 59.54 59.49 59.53 
𝒃 = 𝟏. 𝟓𝟎 ∗ 𝒂 52.44 52.40 52.43 
𝒃 = 𝟏. 𝟕𝟓 ∗ 𝒂 48.16 42.13 48.16 
𝒃 = 𝟐. 𝟎𝟎 ∗ 𝒂 45.38 48.13 45.38 
𝒃 = 𝟐. 𝟐𝟓 ∗ 𝒂 43.48 45.36 43.48 
𝒃 = 𝟐. 𝟓𝟎 ∗ 𝒂 42.11 43.45 42.11 
𝒃 = 𝟐. 𝟕𝟓 ∗ 𝒂 41.10 42.08 41.10 
𝒃 = 𝟑. 𝟎𝟎 ∗ 𝒂 40.34 40.31 40.34 

 

Function C.P.T F.S.D.T H.S.D.T 
𝒂 = 𝟑𝟎 ∗ 𝒉 

𝒃 = 𝟏. 𝟎𝟎 ∗ 𝒂 152.34 152.02 152.26 
𝒃 = 𝟏. 𝟐𝟓 ∗ 𝒂 124.92 124.71 124.86 
𝒃 = 𝟏. 𝟓𝟎 ∗ 𝒂 110.02 109.85 109.98 
𝒃 = 𝟏. 𝟕𝟓 ∗ 𝒂 101.02 100.89 101.01 
𝒃 = 𝟐. 𝟎𝟎 ∗ 𝒂 95.21 95.08 95.17 
𝒃 = 𝟐. 𝟐𝟓 ∗ 𝒂 91.19 91.09 91.18 
𝒃 = 𝟐. 𝟓𝟎 ∗ 𝒂 88.36 88.25 88.31 
𝒃 = 𝟐. 𝟕𝟓 ∗ 𝒂 86.24 86.14 86.21 
𝒃 = 𝟑. 𝟎𝟎 ∗ 𝒂 84.63 84.53 84.61 

𝒂 = 𝟑𝟓 ∗ 𝒉 
𝒃 = 𝟏. 𝟎𝟎 ∗ 𝒂 111.92 111.74 111.88 
𝒃 = 𝟏. 𝟐𝟓 ∗ 𝒂 91.78 91.65 91.75 
𝒃 = 𝟏. 𝟓𝟎 ∗ 𝒂 80.84 80.74 80.81 
𝒃 = 𝟏. 𝟕𝟓 ∗ 𝒂 71.23 74.15 74.21 
𝒃 = 𝟐. 𝟎𝟎 ∗ 𝒂 69.95 69.88 69.94 
𝒃 = 𝟐. 𝟐𝟓 ∗ 𝒂 67.01 66.95 67.00 
𝒃 = 𝟐. 𝟓𝟎 ∗ 𝒂 64.81 64.85 64.90 
𝒃 = 𝟐. 𝟕𝟓 ∗ 𝒂 63.37 63.31 63.34 
𝒃 = 𝟑. 𝟎𝟎 ∗ 𝒂 62.18 62.12 61.17 

𝒂 = 𝟒𝟎 ∗ 𝒉 
𝒃 = 𝟏. 𝟎𝟎 ∗ 𝒂 85.68 85.58 85.66 
𝒃 = 𝟏. 𝟐𝟓 ∗ 𝒂 70.26 70.19 70.25 
𝒃 = 𝟏. 𝟓𝟎 ∗ 𝒂 61.89 61.82 61.87 
𝒃 = 𝟏. 𝟕𝟓 ∗ 𝒂 56.83 56.77 56.82 
𝒃 = 𝟐. 𝟎𝟎 ∗ 𝒂 53.55 53.51 53.54 
𝒃 = 𝟐. 𝟐𝟓 ∗ 𝒂 51.31 51.27 51.30 
𝒃 = 𝟐. 𝟓𝟎 ∗ 𝒂 49.69 49.68 49.68 
𝒃 = 𝟐. 𝟕𝟓 ∗ 𝒂 48.52 48.47 48.49 
𝒃 = 𝟑. 𝟎𝟎 ∗ 𝒂 47.61 47.58 47.59 

𝒂 = 𝟒𝟓 ∗ 𝒉 
𝒃 = 𝟏. 𝟎𝟎 ∗ 𝒂 67.69 67.63 67.68 
𝒃 = 𝟏. 𝟐𝟓 ∗ 𝒂 55.51 55.47 55.50 
𝒃 = 𝟏. 𝟓𝟎 ∗ 𝒂 48.89 48.86 48.89 
𝒃 = 𝟏. 𝟕𝟓 ∗ 𝒂 44.90 44.87 44.88 
𝒃 = 𝟐. 𝟎𝟎 ∗ 𝒂 42.32 42.29 42.31 
𝒃 = 𝟐. 𝟐𝟓 ∗ 𝒂 40.53 40.50 50.53 
𝒃 = 𝟐. 𝟓𝟎 ∗ 𝒂 39.26 39.24 39.26 
𝒃 = 𝟐. 𝟕𝟓 ∗ 𝒂 38.32 38.30 38.33 
𝒃 = 𝟑. 𝟎𝟎 ∗ 𝒂 37.62 37.58 37.61 
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Table 7. The results of the critical buckling 
temperature DTcr of ordinary concrete 

reinforced by 20% with cow bone powder 
noted C+20%C.B.P. 

 
Table 8. The results of the critical buckling 

temperature DTcr of ordinary concrete 
reinforced by 30% with cow bone powder 

C+30%C.B.P. 

 
* Conclusion 

At the conclusion of this study, 
we can draw the following 
conclusions:- 
1- The optimal volume fraction or 
concentration of cow bone powder 

(cow bone particles) yielding favorable 
results is 30%. 
2- This technique enhances the field of 
civil engineering by introducing eco-
concrete, which improves resistance to 
thermal buckling, thereby promoting 
energy efficiency in buildings. 
3- Cow bone particles have the 
potential to replace portions of cement 
in concrete. 
4- Reusing cow bones in cement or 
concrete production offers 
environmental benefits, given that 
many countries discard bones from 
meat processing. Therefore, this 
concrete can be considered 
environmentally friendly (eco-
friendly). 
5- Pozzolanic additives like this 
powder can reduce CO2 emissions and 
heat from cement plants, providing 
economic advantages alongside 
environmental benefits. 
* Andex 
It is important to observe that: 
C: Concrete. 
C.B.P: Cow bone powder 
VC: Volume of concrete [%]. 
VC.B.P: Volume Cow bone powder [%]. 
E: Modulus of elasticity [GPa]. 
G: Shear's Modulus [GPa]. 
a:Thermal's ratio[°C-1]. 
r: Density [kg m−3]. 

Function C.P.T F.S.D.T H.S.D.T 
𝒂 = 𝟑𝟎 ∗ 𝒉 

𝒃 = 𝟏. 𝟎𝟎 ∗ 𝒂 141.75 141.44 141.68 
𝒃 = 𝟏. 𝟐𝟓 ∗ 𝒂 116.23 116.03 116.18 
𝒃 = 𝟏. 𝟓𝟎 ∗ 𝒂 102.37 102.21 102.33 
𝒃 = 𝟏. 𝟕𝟓 ∗ 𝒂 94.02 93.88 93.98 
𝒃 = 𝟐. 𝟎𝟎 ∗ 𝒂 88.60 88.46 88.56 
𝒃 = 𝟐. 𝟐𝟓 ∗ 𝒂 84.87 84.77 84.84 
𝒃 = 𝟐. 𝟓𝟎 ∗ 𝒂 82.21 82.11 82.19 
𝒃 = 𝟐. 𝟕𝟓 ∗ 𝒂 80.24 80.14 80.22 
𝒃 = 𝟑. 𝟎𝟎 ∗ 𝒂 78.75 78.65 78.72 

𝒂 = 𝟑𝟓 ∗ 𝒉 
𝒃 = 𝟏. 𝟎𝟎 ∗ 𝒂 104.15 103.97 104.11 
𝒃 = 𝟏. 𝟐𝟓 ∗ 𝒂 85.40 85.28 85.37 
𝒃 = 𝟏. 𝟓𝟎 ∗ 𝒂 75.21 75.11 75.19 
𝒃 = 𝟏. 𝟕𝟓 ∗ 𝒂 69.07 68.99 69.05 
𝒃 = 𝟐. 𝟎𝟎 ∗ 𝒂 65.08 65.02 65.07 
𝒃 = 𝟐. 𝟐𝟓 ∗ 𝒂 62.35 62.29 62.34 
𝒃 = 𝟐. 𝟓𝟎 ∗ 𝒂 60.39 60.34 60.39 
𝒃 = 𝟐. 𝟕𝟓 ∗ 𝒂 58.96 58.89 58.95 
𝒃 = 𝟑. 𝟎𝟎 ∗ 𝒂 57.86 57.80 57.84 

𝒂 = 𝟒𝟎 ∗ 𝒉 
𝒃 = 𝟏. 𝟎𝟎 ∗ 𝒂 79.73 79.64 79.91 
𝒃 = 𝟏. 𝟐𝟓 ∗ 𝒂 65.38 65.31 65.36 
𝒃 = 𝟏. 𝟓𝟎 ∗ 𝒂 57.88 57.53 57.57 
𝒃 = 𝟏. 𝟕𝟓 ∗ 𝒂 49.83 52.84 52.88 
𝒃 = 𝟐. 𝟎𝟎 ∗ 𝒂 47.75 49.79 49.83 
𝒃 = 𝟐. 𝟐𝟓 ∗ 𝒂 46.24 47.79 47.73 
𝒃 = 𝟐. 𝟓𝟎 ∗ 𝒂 45.16 46.21 46.24 
𝒃 = 𝟐. 𝟕𝟓 ∗ 𝒂 44.15 45.10 45.13 
𝒃 = 𝟑. 𝟎𝟎 ∗ 𝒂 44.29 44.26 44.28 

𝒂 = 𝟒𝟓 ∗ 𝒉 
𝒃 = 𝟏. 𝟎𝟎 ∗ 𝒂 62.99 62.93 62.98 
𝒃 = 𝟏. 𝟐𝟓 ∗ 𝒂 51.66 51.62 51.65 
𝒃 = 𝟏. 𝟓𝟎 ∗ 𝒂 45.50 45.47 45.48 
𝒃 = 𝟏. 𝟕𝟓 ∗ 𝒂 41.78 41.75 41.78 
𝒃 = 𝟐. 𝟎𝟎 ∗ 𝒂 39.38 39.35 39.37 
𝒃 = 𝟐. 𝟐𝟓 ∗ 𝒂 37.73 37.69 37.71 
𝒃 = 𝟐. 𝟓𝟎 ∗ 𝒂 36.54 36.65 36.53 
𝒃 = 𝟐. 𝟕𝟓 ∗ 𝒂 35.66 35.65 35.66 
𝒃 = 𝟑. 𝟎𝟎 ∗ 𝒂 35.20 34.98 34.99 

 

Function C.P.T F.S.D.T H.S.D.T 
𝒂 = 𝟑𝟎 ∗ 𝒉 

𝒃 = 𝟏. 𝟎𝟎 ∗ 𝒂 132.03 131.75 131.97 
𝒃 = 𝟏. 𝟐𝟓 ∗ 𝒂 108.26 102.08 108.22 
𝒃 = 𝟏. 𝟓𝟎 ∗ 𝒂 95.35 95.21 85.32 
𝒃 = 𝟏. 𝟕𝟓 ∗ 𝒂 87.87 87.45 87.54 
𝒃 = 𝟐. 𝟎𝟎 ∗ 𝒂 82.52 82.41 82.49 
𝒃 = 𝟐. 𝟐𝟓 ∗ 𝒂 79.06 78.95 79.03 
𝒃 = 𝟐. 𝟓𝟎 ∗ 𝒂 76.58 76.48 76.55 
𝒃 = 𝟐. 𝟕𝟓 ∗ 𝒂 74.75 74.65 74.72 
𝒃 = 𝟑. 𝟎𝟎 ∗ 𝒂 73.35 73.26 73.33 

𝒂 = 𝟑𝟓 ∗ 𝒉 
𝒃 = 𝟏. 𝟎𝟎 ∗ 𝒂 97.00 96.85 96.97 
𝒃 = 𝟏. 𝟐𝟓 ∗ 𝒂 79.54 79.98 79.52 
𝒃 = 𝟏. 𝟓𝟎 ∗ 𝒂 70.06 69.98 70.03 
𝒃 = 𝟏. 𝟕𝟓 ∗ 𝒂 64.06 64.25 64.32 
𝒃 = 𝟐. 𝟎𝟎 ∗ 𝒂 60.52 60.57 60.61 
𝒃 = 𝟐. 𝟐𝟓 ∗ 𝒂 58.09 58.21 58.07 
𝒃 = 𝟐. 𝟓𝟎 ∗ 𝒂 56.92 56.21 56.25 
𝒃 = 𝟐. 𝟕𝟓 ∗ 𝒂 54.92 54.87 54.91 
𝒃 = 𝟑. 𝟎𝟎 ∗ 𝒂 53.89 53.85 53.88 

𝒂 = 𝟒𝟎 ∗ 𝒉 
𝒃 = 𝟏. 𝟎𝟎 ∗ 𝒂 74.27 74.18 74.24 
𝒃 = 𝟏. 𝟐𝟓 ∗ 𝒂 60.89 60.84 60.88 
𝒃 = 𝟏. 𝟓𝟎 ∗ 𝒂 53.64 53.89 53.62 
𝒃 = 𝟏. 𝟕𝟓 ∗ 𝒂 49.26 49.22 49.25 
𝒃 = 𝟐. 𝟎𝟎 ∗ 𝒂 46.41 46.38 46.38 
𝒃 = 𝟐. 𝟐𝟓 ∗ 𝒂 44.46 44.44 44.44 
𝒃 = 𝟐. 𝟓𝟎 ∗ 𝒂 43.07 43.04 43.04 
𝒃 = 𝟐. 𝟕𝟓 ∗ 𝒂 42.04 42.01 42.01 
𝒃 = 𝟑. 𝟎𝟎 ∗ 𝒂 41.27 41.23 41.24 

𝒂 = 𝟒𝟓 ∗ 𝒉 
𝒃 = 𝟏. 𝟎𝟎 ∗ 𝒂 58.78 58.62 58.66 
𝒃 = 𝟏. 𝟐𝟓 ∗ 𝒂 48.12 48.08 48.11 
𝒃 = 𝟏. 𝟓𝟎 ∗ 𝒂 42.38 42.35 42.37 
𝒃 = 𝟏. 𝟕𝟓 ∗ 𝒂 38.91 38.89 38.91 
𝒃 = 𝟐. 𝟎𝟎 ∗ 𝒂 36.67 36.65 36.67 
𝒃 = 𝟐. 𝟐𝟓 ∗ 𝒂 35.14 35.12 35.13 
𝒃 = 𝟐. 𝟓𝟎 ∗ 𝒂 34.03 34.02 34.02 
𝒃 = 𝟐. 𝟕𝟓 ∗ 𝒂 33.22 33.20 33.21 
𝒃 = 𝟑. 𝟎𝟎 ∗ 𝒂 32.60 32.52 32.61 
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n:Poisson's ratio. 
l: Thermal conductivity [W m-1 K-1]. 
Z: The effectiveness of reinforcement 
is determined by the ratio between the 
minimum and maximum diameters of 
Cow Bone Particles. 
D: Diameter of particle.  
DMax: maximum diameter of Cow 

Bone Particles. 
DMin: minimum diameter of Cow Bone 

Particles. 
M: Materials. 
Eq 01 :  

 
: the stress of compression at the 

age of 28 days. 

BSI:  

ACI:  

RBA60:  

BAEL80:  

BAEL91/99:  

EC2:  
a: the length of the plate. 
b: the width of the plate. 
h: the thickness of the plate. 
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