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ABSTRACT: The stability and durability of concrete materials are essential factors in the construction industry.
Environmental conditions, such as temperature affect the tensile strength and durability of concrete structures. This
work investigates the thermodynamic behaviour of hollow cylindrical concrete using the finite element method (FEM).
By deploying ANSYS®, the element mesh was created, and the temperature distribution inside the hollow cylinder
was calculated. The effect of the hollowness of the concrete on its heat absorption is determined. The findings
demonstrate that the temperature profiles changed radially throughout the concrete thickness. Moreover, it was
discovered that the temperature distribution was impacted by the airflow into the cylinder. The numerical experiment
in this study was essential in providing a comprehensive understanding of the behaviour of the concrete, particularly
when exposed to higher heating rates. This study contributes to the knowledge of the performance and stability of
concrete materials. It also demonstrates that the hollowness of the concrete enhances its heat-shielding performance.
Furthermore, the inflow of air into the cylinder affects the temperature distribution, with a higher influx of air resulting
in lower temperatures. These findings can be utilised to develop appropriate measures to enhance the performance and

durability of concrete structures.
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I INTRODUCTION

Porous media such as concrete subjected to high
temperatures have been of significant consideration in the
engineering profession, especially in civil engineering, for the
setting up of infrastructures such as high-rise buildings,
pipelines, bridges, and nuclear boats. The difference between
high-performance concrete (HPC) and ordinary concrete (OC)
could be ascertained in their usability. According to Witek et
al. (2007), HPC is more durable and stronger than OC, not only
because they are less permeable but also because their capillary
and pore structures are relatively disjointed as a consequence
of dehydration. Also, concrete’s response to heat greatly
matters in engineering applications (Ranc et al., 2001), as high-
temperature range alters the porous structure of concretes (Dal
Pont, Schrefler and Ehrlacher, 2005), considerably affecting its
durability. Moreover, Feraille-Fresnet et al. (2003) stated that
the microstructure and conveyance properties are modified by
dehydration, producing free fluid. During this process, heat is
consumed to a sizable aggregate, according to Bazant and co.
(1982; 1988; 1993). Also, they stated that penetrability has an
abrupt gain above 105°C when drying starts. Notwithstanding,
porous materials have extensive use in engineering
applications such as insulation, filtration, biomedical
engineering, catalysis, construction, automotive application,
oil and gas sector, environmental radiation and electronics. For
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this reason, different experiments have been conducted to
harness the full potential of such substances' characteristics.
Over the decades, researchers and scientists have made
considerable analyses on the optimization of porosity, surface
area, and structural properties, aiming to enhance the
performance and efficiency of porous materials in various
applications.

The thermoelastic behaviour of functionally graded
concrete rings with homogenous thermal mass and non-
uniform irregular mechanical loads was studied by Rad (2015).
The work presented novel findings on the thermodynamic
response of an axisymmetric hollow concrete cylinder, which
could be a benchmark for future researchers. Manthena et al.
(2017) measured the thermal propagation and loadings of a
cylinder with holes, as well as the quality of non-uniform
elements and joule heating. This study contributes to the
advancement of the role of material inhomogeneity in
determining the thermal and mechanical behaviour of
structures. As an extension of the work, Manthena and Kedar
(2018) reviewed the results of heat separation and heat stress
distribution of a reinforced composite thick circular tube with
composite heat parameters, discovering that all composite
attributes were a function of temperature and spatial position
along the thickness of the tube, z. Using information from the
heat flux within biothe cylinder, Kedar and Deshmukh (2015)
exploited the reversed thermal performance problem to
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concurrently predict the heat transfer displacement on the
exterior curving face of a moderate cylinder with holes.
According to the study, the Poisson ratio is unaffected by
temperature when studying porcelain-reinforced composite
materials where Alumina is used as the nickel and ceramic is
used as the metal. Walde et al. (2012) used the integral
equation technique as data analysis to obtain the temperature
profile, deflection, and load functions at every location of the
hollow cylinder, resulting in a way to solve the transitory
thermo-elastic issue of a limited-dimension hollow cylinder. In
the same way, Gahane et al. (2012) selected the integral
transformation technique for studying the thermomechanical
behaviour of a confined cylinder with holes. As a direct result
of thermal and initial conditions of the emission type, the
origins are considered non-spontaneous.

Under steady-state temperature gradients, a finite element
study of 3D curved non-planar fractures in functionally graded
materials was performed and reported by Mughaddam and
Alfano in their paper (Moghaddam and Alfano, 2015). The
computing method and interaction energy integral used in the
research do not call for any prior understanding of the fracture
front or surface curvatures. The impact of graded mechanical
and thermal characteristics on stress intensity factors is
investigated, demonstrating the strength of the suggested
framework for examining thermal fracture in functionally
graded materials (FGMs). In his research, Zhang (2018)
proposed a stress and displacement solution method for
analysing cylindrical structures with varying material
properties under non-uniform pressures. The method is based
on elastic mechanics and can be applied to different contact
conditions. The proposed solution is validated through
numerical simulations, laying a theoretical foundation for
stress analysis and structural design in practical engineering.

In order to increase the U-value without modifying the
compressive strength, size, or manufacturing procedure,
Caruana et al. (2017) examined the thermal characteristics of a
novel hollow-core concrete construction block. The study
illustrates the validity of in-situ testing procedures for
assessing the thermal characteristics of building components
without needing a hot box setup in a laboratory. Using
theoretical and numerical methods, Bi-chao and Hao (2019)
analysed the thermal characteristics of tiny hollow concrete
blocks with various hole size types. The optimal block
structure  for thermal insulation and heat-shielding
performance is determined, and the relationship between block
structure parameters and thermal properties was examined. To
determine which was stronger, Hasan et al. (2021) evaluated
brick masonry walls, standard reinforced concrete beams, and
columns against hollow concrete block masonry walls, beams,
and columns. The results showed that reinforced hollow
concrete block masonry walls are stronger than brick-built
ones and that reinforced hollow concrete block reinforced
beams have greater flexural and shear capacity and flexural
ductility than conventional reinforced concrete beams.

The criteria for assessing the mechanical characteristics of
concrete blocks under high temperatures was examined by
Medeiros et al. (2022). The study recommended the variables
needed for a laboratory assessment of residual mechanical
strength at high temperatures. It also recommends assessing

the residual mechanical strength of hollow concrete blocks,
including the quantity of specimens, the age of the test
subjects, the storage conditions, and the rate at which the
temperature rises during heating. Debska et al. (2022)
examined how pre-stressed nickel-titanium (Ni-Ti)-shape
memory alloy (SMA) wires wrapped around concrete
cylinders with holes responded to stresses. Two models were
used to determine the thermal stresses in the concrete and the
loads caused by the wrapped wire. Longitudinal compression
tests were carried out one year after pre-stressing, and the
results showed that the technique was effective.

Using the finite-difference approach, Miroshnichenko et al.
(2022) provided a computational solution for resolving the
issue of heat transmission in hollow blocks. Also presented is
the process for thickening the computing grid. According to the
study, hollow bricks have a turbulent flow regime, and the
inner surfaces’ emissivity significantly influences how much
heat is transmitted through them. Jamal et al. (2021)
numerically analysed the three categories of hollow bricks’
thermal behaviour commonly utilised in Moroccan building
walls. The effects of thermal excitation, emissivity, and period
on heat transfer through the structures are studied. The
outcomes show that type 3 hollow bricks provide good
insulation and materials with a low emissivity for interior
surfaces can improve energy consumption in buildings.

Researchers have adopted numerical and hybrid
approaches to analyse composite and concrete cylinders.
Dehghan et al. (2022) proposed a new mixed method
combining the Fast Fourier Transform (FFT) and FEM to study
the thermo-mechanical performance of functionally graded
cylinders under asymmetric loading. The technique shows
super algebraic convergence in the circumferential direction
and benefits from fast convergence and low computational cost
compared to the FEM solution. Considering radiation effects,
Kogawa et al. (2017) examined turbulent natural convection in
a cubic hollow space. The research used large eddy simulation
and a coupled calculation method to efficiently calculate
thermal radiation flux. The impact of surface radiation was
found to be more dominant than the gas radiation effect in flow
instability and shear stress generation.

The influences of radiation and convection on the thermal
surroundings in an industrialised facility were studied by Wang
et al. (2014). The study focuses on control parameters,
including Grashof numbers and surface emissivity values.
Results for ventilation rate, flow distributions, heat transfer and
temperature are provided. The Grashof number negatively
correlates with the radiation-to-convection ratio, while the
surface emissivity has a positive correlation. On the other hand,
the ventilation rate and Nusselt number are both rising
functions of these variables. The combined impact of CO;
production mixed turbulent convection with thermal radiation,
and human heat creation on interior comfort and energy
utilisation in buildings was examined by Rodriguez et al.
(2013). The findings indicate that thermal radiation raises
average temperatures by 0.2-0.4°C, whereas natural
ventilation lowers them by 4.0-5.5°C. Rahimi and
Sabernaeemi (2010, 2011) looked at how radiation and
convection affected the transport of heat from a heated ceiling
surface to interior surfaces in a space. Results show that over
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90% of heat transfer occurs through radiation, and this
contribution increases slightly as the ceiling temperature rises.
In a large-scale chamber containing a thermally-generating
device, Miroshnichenko et al. (2021) computationally
modelled turbulent thermogravitational convection and
thermal radiation.

Pertaining to heat transfer and fluid motion, the effect of
the hot source’s height and wall emissivity is investigated. The
findings indicate that an increase in heater height can raise the
average total Nusselt number by up to two times and that the
surface emissivity of the heat source greatly influences the total
thermal transfer coefficient.

Based on the literature survey, it is vital to do numerical
research on the heat transmission mechanisms in hollow
concrete materials. Therefore, the present work focuses on the
thermodynamic response of a hollow concrete cylinder. The
mathematical model for the analytical procedure, numerical
experiment, results, discussion of results, validation, and
conclusion are presented in the subsequent sessions.

Il. MATERIALS AND METHODOLOGY

A. Model Assumptions

The assumptions utilised are those specified in Dal et al.
(2005). The medium is evaluated from a large standpoint,
allowing the continua theory of a substance to be accepted,
which is a common strategy in thermodynamics. It is
considered that a massive volume of components is
distinguishable as quantifiable metrics of atomic proportions at
larger sizes. Additionally, thermodynamic equilibrium is
maintained. It is also essential to know that the duration of the
entire state’s fluctuations is longer than required to achieve
microbalance. Thus, averaged molecular attributes become
crucial because the number of molecules is so large.

Due to the acceptance of local thermodynamic
assumptions, a slow process was considered. To consider the
porous material’s characteristics as a continuous function of
the spatial coordinates, a few more types of big-sized volume
approximation are applied. Furthermore, the equilibrium
equations express the agreement and/or variations of the
isothermal dimensions at optimum, minimising the number of
free variables required to explain the structure of the model.

B. Physics Concept of the Problem

Equilibrium equations, including conservation laws,
straight and rotary momentum equilibrium laws, and
thermodynamic formulae, are fundamental for describing the
behaviour of a system in a state of equilibrium. These
equations are supported by state equations and compositional
connections that represent the unique behaviour of the
considered medium. The entropy inequality must be used to
provide a consistent thermodynamic description of the
substance’s reaction that does not deviate from the law of
thermodynamics.

The averaging concept and the theory of partly saturated
permeable materials are presented in detail in the work of
Hassanizadeh and Gray (1979a, 1979b, 1980, 1989). The
intrinsic permeability of concrete, which describes the
intrusion of fluids through a permeable medium due to the flow

energy of a fluid column, is a vital characteristic of the material
and is established through laboratory investigation, according
to Dal et al. (2005).

When concrete is heated, it undergoes complex reversible
and irreversible reactions that result in interior transformation,
increased penetrability, and increased inherent absorption.
Schneider and Herbst (1989) have provided various effects on
the variations in the permeability and inner structure of four
distinct types of concrete mixes under intense temperatures. A
substantial type of model was used to approximate the results
obtained giving the intrinsic permeability, K as,

K = Ko. 10470 -To*+4z-1q) (”—Q)A” 1040V 6
Po

Where A%, A%, A, and Ay are parameters whose values
cannot be easily observed, K, is the inherent susceptibility at
zero states. T, po, pg and U are the temperature, gas pressure
and cumulative loss respectively. T, and p,, are the ambient
temperature and pressure. Eqn. (1) considers all the main
phenomena causing the unfolding of intrinsic permeability,
except local macrocracks. These parameters cannot be directly
obtained; hence, they are set to provide a satisfactory
approximate solution to the practical gas pressures.

C. Analytical Formulation

Concrete undergoes various transformations in its
formation, which lead to extreme changes in its material
properties when exposed to heating with a scalar isotropic
pattern (Mazars, 1986). The thermo-chemical degradation
parameter, Q, is a measurement of the development of Young’s
modulus of the mechanically intact material E,, and it is
provided as follows:

Eo(T)

¢ =1"gam @)

where T, is the ambient temperature and E,(T) is the
impulsive undamaged material at the same temperature. The
spontaneous damage parameter u can be used to calculate
Young’s modulus E(T) at temperature, T given in Eqgn. (3).

E(T) = (1 —wE(T) 3)

The total damage parameter D has the expression,

_ E(T) _ E(T) Eo(T) _
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The classified adequate load conceptualisation is also altered
to account for overall damage; as a result, an additional loss in
the resilient region is included as a result of damage, as
expressed in Egn. (5).
~ _ { — [ 5)
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The expression for the non-local damage parameter
involves several key terms. The overall area of the damaged
material is denoted by X, while the impenetrable area is
denoted by X. The theoretical stress tensor is represented by o,
while the altered efficient stress tensor is denoted by &. The
overall area of the damaged material, X, is the total area of the
material that has undergone damage, while the impenetrable
area, X, represents the area of the material that is still intact and
has not undergone any damage. The theoretical stress tensor,
o, represents the stress within the material under ideal
conditions, while the altered efficient stress tensor, &,
considers the influence of damage on the material’s stress state.
The non-local damage parameter measures the extent of
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damage in the material and is essential in predicting the
material’s failure under different loading conditions. The
relevant form of elastic energy is derived from the definition
of the changed effective stress, thus;

pe = 5 (1 —w)(1 — QAg: £ &° (6)
Here, the rigidity tensor of the intact material is A,. The
fatigue relationship is written as:

c=(1-w(1—-QAy:e®*=(1—-U)A,: €° @)
while the discharged energy rate W is given as:
W=——6(gzje): e e = él\g:se: €® (8)

The damage index can be split into two portions based
on the different performances of concrete in compression and
tension, viz u, and u, respectively. They are both functions of
the average equivalent strain that is determined from Eqgn. (9)
as follows:

o; = {Ko(l Ap) Ai

: explB; (e ko) g(sm} Ee; ©)

Here, the function g(g;) is a rectification feature that
considers the effect of previous loading history on material
behaviour, and &k, is the original value of the
hardening/softening parameter. The expression for the
maximum tensile stress, f,(T), is given as;

fe(T) = g(&) .xo (10)

The value of K, is chosen such that it satisfies the De
Saint-Venant’s principal strain requirement, as stated in Eqn.
(112).

f(KO' & A) = E— K(D) (11)

In the non-local approach to damage theory, the
comparable strain over a hypothetical volume is defined as the
average strain. This hypothetical volume is often referred to as
the “metaphorical volume”. The comparable strain is
determined by considering the effect of surrounding material
points on the deformation at a given point. This approach takes
into consideration the non-local behaviour of the material,
which occurs when the behaviour of the material at one
location is impacted by the behaviour of material points
nearby. Therefore, the comparable strain is not limited to the
deformation at a single point but considers the deformation of
the material in the surrounding vicinity. The average

comparable strain over the metaphorical volume is defined as:
1

= e J,8(x =) E(s)dv (12)
where ¢ is a sampling distribution and «, is a time
interval. & is the damage progress determined by the

comparable positive strain given in Eqgn. (13).

= I e >0 (<a >=") (13)

Finally, the structural damage is calculated using the

aggregate:
U= Uy + K U (14)
where o, and o« are defined in Eqgn. (15) thus,
i<ei>+\P ci<ei>+)P
x = ¥ig (%) ;o= Xi (Eg%) (15)

Heat parameters, or material properties, are A;, A., B, B.. The
index B compensates for the influence of damage on the
material’s shear behaviour. The function g(¢) takes the form:

gle) = (o)’ (16)

Ko~ & max

In this study, the maximum allowable strain, denoted by €, ;4
was determined to be the distortion that corresponds to a load
equal to the compressive strength test. To quantify the
maximum allowable strain, a variable y was introduced, which
is a product of B, and €. ,,,q,- Additionally, the tensile strain at
which damage occurs at a specific temperature denoted as
Ko (T), was investigated. This phenomenon was analysed using
Mazars’ model (Mazars, 1986), which postulates that damage
occurs when the maximum tensile stress, f;(T), is reached
under uniaxial stress conditions. The expression for f,(T) is
given by;

ieo(T) = £ (17)

Eo(T)

I1l. NUMERICAL EXPERIMENT

In this study, the FEM was utilised to discretise a hollow
cylinder, enabling a high degree of flexibility in defining the
mesh. Specifically, a hollow cylinder was considered, with
internal and external radii of R; = 0.25m and R, = 0.55m,
respectively. The temperature boundary condition was set to
T, = 293.15K ambient temperature. The dimensioned hollow
with the boundary condition is shown in Figure 1.

®=0.50m
®=1.10m

I, K \_\L// I

Figure 1: Hollow Cylindrical Concrete

To precondition the analysis, we specified an internal
surface air velocity of wv; =1.39m/s and assumed
atmospheric pressure at the outer surface. Furthermore, the
inner part of the pipe was assumed to be subjected to laminar
flow, while the external part was treated as time-dependent.
This approach allowed for the investigation of the dynamic
behaviour of the system under thermal loading. The thermal
rate of loading was applied 70 hours, starting from an initial
temperature of 293.15K, which is the room temperature.
During this period, the outer layer of the cylinder was allowed
to freely exchange heat with the surrounding environment.

For a proper analysis of the problem, it is essential to have
a properly defined geometric model of the hollow cylindrical
concrete structure. This was achieved by creating the geometry
directly in ANSYS using its modelling capabilities. The model
accurately represents the dimensions and features of the
structure, including the inner and outer diameters and wall
thickness. To generate the finite element mesh ANSYS is
deployed. ANSYS offers various meshing techniques,
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including automatic and manual methods. A shell element is
used to model the walls for the hollow cylindrical concrete
structure. The mesh model, as generated by ANSYS, is shown
in Figure 2. The cylinder is discretised into 1008 prismatic
meshes. This technique makes it possible to investigate the
thermal behaviour and stress distribution in a hollow cylinder
under diverse circumstances, which has real-world engineering
implications.

Y

A

Figure 2: Meshed Hollow Cylindrical Concrete
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In the current work, concrete’s material characteristics at
room temperature are analysed, emphasising the temperature
profile of hollow concrete. The experimental results shown in
Table 1 depict that the hollow concrete has considerably high
average compressive and tensile strengths, which denotes a
high resilience. This finding is in line with earlier studies in the
area.

Table 1: Material properties of the concrete

Parameter Symbol Value Unit
Poisson ratio v 0.18

Heat capacity C, 855 J/kg.K
Coefficient of thermal o 10x10™® 1/K
expansion

Intrinsic permeability K 2x107Y7  m?
Thermal conductivity c 1.52 W/m?K
Young’s modulus E 36.70 GPa
Porosity n 0.051

Tensile strength fi 6.0 MPa
Apparent Density p 2620 kg/m3
Compressive strength f. 109 MPa

IV. RESULTS AND DISCUSSION

An FEA was carried out to get the temperature field to
further examine the behaviour of the concrete portion under
consideration. To replicate the section’s thermal behaviour for
this investigation, finite element meshes were used. After that,
the study’s findings were used to learn more about the concrete
structure’s thermomechanical behaviour at temperatures other
than the ambient one. Researching the material characteristics
of concrete and the thermal behaviour of concrete buildings is
a demanding and scientific procedure. Figure 3 depicts the
temperature distribution along hollow cylindrical concrete.

2000(m) Z
]

Figure 3: Temperature Distribution along Hollow Cylindrical
Concrete
Figure 4(a) depicts the temperature field in a hollow concrete
after 70 hours, which is a 2-dimensional contour. The resulted
from a study utilising finite elements of the temperature
distribution over the concrete thickness. The mean temperature
was discovered to be higher in the void closest to the wall than
in the void further away, proving that the dispersion of
temperature changed radially across the thickness of the

concrete.
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Figure 4: 2D contour view of the (a) temperature profile (b) velocity
profile in the hollow cylinder after 70 hours
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The observed temperature variation is mainly ascribed
to fluid flow and heat transfer processes resulting from the
transfer of energy from the lower to the upper vacuum, aligning
with the findings of lbrahim et al. (2023). In addition to
temperature distribution, the radial velocity and pressure
variations across the hollow cylinder were also analysed.
Figure 4 (b) illustrates that the velocity decreases radially while
the pressure is higher at the hole inlet and decreases along the
length of the hollow cylinder. These observations provide
valuable insights into the heat transfer and fluid flow processes
occurring in the concrete sample. They can aid in developing
effective heating and cooling strategies for concrete structures.

The mass flow of air in a void sample was found to
follow the same pattern at each location due to the geometry
resolution, besides the right and left side’s outside walls being
heated and cooled. The analysis leads to the conclusion that
increasing the thickness of the concrete is imperative to attain
a heat resistance level consistent with the findings of Balaji et
al. (2016).

To ensure that all the concrete surfaces were heated
uniformly during the validation process, two points at the top
and bottom of the cylinder were considered. The temperature
measurements obtained from two distinct locations on the
heating sample are graphed in Figure 5. The graph depicted a
consistent rate of temperature increase over time, with the top
of the cylinder exhibiting an approximate increase of 3.3 K/hr
and the bottom showing a rate of approximately 2.7 K/hr.
These observations were made after subjecting the sample to
70 hours of thermal exposure. Additionally, the temperature
values acquired at each of the two readings with the heated
sample highlight the observed temperature variations.

550 T T T

—#— Top Temperature (K)
500 —»— Bottom Temperature (K)

Temperature (K)
B P
o [4,]
o (=]
1 1

w

151]

o
1

300

25O T T T T T
0 10 20 30 40 50 60 70 80
Time (Hr)

Figure 5: Time history of temperature

Based on the results presented in Figure 5, it can be
inferred that the sample was heated evenly, indicating the
effectiveness of the heating method adopted. The sample
heating process must sustain precise temperature control
throughout the exposed surface of the concrete to ensure
accurate and reliable results. Figure 5 displays the temperature
readings acquired at the two measurement points after heating
the sample. The readings at the two points show a distinct
difference, almost forming a parallel increment after the initial
parabolic departure. This temperature distribution pattern

suggests that heat transfer occurred uniformly across the
surface of the concrete sample, indicating a homogeneous
temperature distribution.

The modelling of internal voids is important during the
temperature evolution in structural elements. In addition, the
insulation index is one function that describes the material’s
thermal efficiency. Because the thermal conductivity of air is
lower than that of the other components that make up the
material structure, the air layer helps to prevent heat transfer
within a particular layer. When the airflow covering reaches a
particular thickness, the thermal insulation coefficient of the
air layer does not significantly increase due to the increasing
thermal transfer gap. Therefore, the hollowness of the concrete
gives the best heat-shielding performance, as can be seen from
the temperature response in Figure 5. Where there is a high
inflow of air, the temperature is low. Hence, enhancing thermal
insulation performance is achievable by reducing the void
ratio, as this action results in increased air pressure due to the
inverse relationship between volume and pressure.

The modelling of internal voids is important during the
temperature evolution in structural elements. In addition, the
insulation index is one of the functions that describe the
material’s thermal efficiency. Given that air has a lower
thermal conductivity compared to the other constituent
materials in the structure, an air layer can serve as a barrier to
prevent heat transfer across a given layer. As the thickness of
the air layer increases, the thermal insulation coefficient of the
layer does not significantly improve due to the increased
thermal transfer gap. Based on the velocity profile illustrated
in Figure 4(a), it can be inferred that the hollowness of the
concrete provides the best heat-shielding performance. It is
observed that a higher airflow rate leads to a lower
temperature, which highlights the importance of reducing the
hollow ratio. Decreasing the hollow ratio of the concrete
increases the pressure of the air, which subsequently enhances
the thermal insulation performance. This is attributed to the
fact that a decreased volume leads to an increased pressure of
the air, which effectively reduces the thermal conductivity and
thus improves the overall thermal insulation performance of
the material (Yarbrough, 2012; Wakisaka et al., 2016;
Christiansen et al., 2022).

The current study builds on the previous work
conducted by other researchers (Li, Zhou and Duszczyk, 2004;
Liu, Zhou and Duszczyk, 2007) to explore the correlation
between top temperature and air velocity for concrete
materials. The variation of temperature along the concrete
thickness is shown in Figures 6 and 7 with t = 20h and t =
40h, respectively. The experimental result validates the
present study R? values of 0.9786 when ¢t = 20h and 0.9735
and t = 40h. A nonlinear decrease in temperature is observed
along the radius profile of the cylinder. The impact of airspeed
on the top temperature of the hollow concrete cylinder during
the thermodynamic process is illustrated in Figure 8. The
mathematical model developed by this work predicts the
correlation between top temperature and air velocity as
T(K) = 728.4(K) — 60.25 X v(m/s). The result
demonstrates a decrease in top temperature with an increase in
air velocity, which is consistent with the findings of Acharya
and Dash (2017).
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Figure 6: Temperature profile along the concrete radius when time,
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Figure 8: Effect of airflow on the top temperature

Investigating the temperature profiles of a hollow
concrete cylinder was the goal of the current analysis during
the thermodynamic process and compare the outcomes with
experimental results. The obtained temperature profiles were
found to align well with experimental outcomes, as illustrated
in Figure 9. A front of desaturation and molecular migration to
the colder zones were the defining features of the physical
events operating inside the cylinder. It was observed that the
numerical temperature distribution solution should not
materially differ from the analytical result proposed by Liu et
al. (2007), given the low water content of the concrete. The
result obtained through numerical simulations, as presented in
Figure 9, corroborated the analytical approach. Moreover, the
temperature profile exhibited a satisfactory agreement with the
experimental result obtained by Dal et al. (2005).
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Figure 9: Temperature profile with the analytical solution
along the concrete radius

However, it should be noted that the intricacy of this
analysis is acceptable when higher heating rates of about 7.8
K/hr are considered. In such cases, the numerical experiment
becomes essential to adequately describe the behaviour and
performance of the concrete. Therefore, this research’s
findings are of particular significance when examining the
thermal behaviour of structural elements under varying
temperature conditions.

Error analysis of both the analysis and present study
with the experimental result is shown in Figure 10. The
absolute errors between the experiment and analytical values
range from 0.44618% and 4.72233%. In comparison, the
absolute errors between the experiment and the numerical
values range from 0.52907% and 4.04238%. The measured
values from the experiment result generally conform with both
the expected values obtained from the analytical model and the
numerical method. The relative errors for both the analytical
and numerical methods vary with different radius values.

These values, in some cases, are similar, indicating that
both approaches provide a comparable level of accuracy.
Minor errors are observed for the radius measurements (e.g.,
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0.3449, 0.40992), indicating a closer agreement between the
experiment and theoretical values.
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Figure 10: Error analysis of both the analysis and present study
with the experimental result

V. CONCLUSION

This study investigated the thermal behaviour of hollow
cylinders through finite element analysis (FEA) using the
ANSYS® Multiphysics. The results obtained were validated
using analytical and experimental procedures, indicating good
agreement between the temperature distributions. Specifically,
the temperature dissipation increased with time but decreased
radially. Experimental investigations effectively produce
satisfactory results when conducted under normal temperature
conditions. However, numerical investigations can be more
cost-effective and less risky when dealing with elevated
temperatures. Therefore, this research holds significant
potential benefits for the moulding and casting industries,
particularly in the context of the extrusion process.

The implications of the findings of this research are
significant for the design and construction of concrete
structures, particularly in terms of improving their resilience
and durability. In addition, the relationship between
mechanical properties and changes in temperature provides
important insights into the stability and performance of the
material. The work also shows how numerical simulation may
be used to describe the thermal behaviour of permeable bodies.

In its whole, the work advances the understanding of the
thermal behaviour of hollow cylinders. The knowledge
gathered from this study may also guide future investigations
and useful applications in materials science and engineering.
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