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Summary

Considering the widespread applications of perforated concrete pipes
containing fluid flow in civil engineering, providing a suitable
mathematical model for analyzing their stability and dynamic
performance is essential. In this regard, a buried concrete pipe is formulated, taking into account the
permeability of concrete materials and the surrounding soil, reinforced with silica nanoparticles. The
structure is modeled using cylindrical shell elements and by employing the theory of elasticity. To calculate
the force induced by the fluid flow inside the pipe, the Navier-Stokes equation is utilized. The influence of
nanoparticles in the pipe is modeled using a mixing model, and the soil bed is simulated using vertical springs
and shear layers. Finally, by applying Hamilton's principle, the governing equations of the structure are
extracted. The Bezier finite element method is employed for structural analysis, and the effects of parameters
such as the volume fraction of nanoparticles, concrete permeability, soil bed, fluid inside the pipe, and
geometric parameters are investigated. The results of the analysis indicate that with an increase in the
volume fraction of nanoparticles from zero to 3%, the maximum frequency and critical fluid velocity increase
by 35% and 38%, respectively. Additionally, as the concrete permeability increases from zero to 6.0, the
maximum frequency and critical fluid velocity decrease by 26% and 18%, respectively. These findings can
contribute to the improvement and optimization of the design of concrete pipes containing fluid flow,
enhancing our understanding of the dynamic behavior of these structures.

Introduction

Buried porous concrete pipes, which are used with fluid flow underground or in porous environments, are
one of the vital innovations in subsurface structures. However, the stability and optimal performance of these
pipes in the face of fluid flow are related to multiple issues including chocolate change, corrosion, and
structural resistance reduction. In recent years, with the advancements in the field of nanotechnology, adding
nanoparticles to the concrete environment to improve various properties has become one of the strategies
to study and improve the stability of buried porous concrete pipes.

Cylindrical shells containing fluid flow are one of the most important fields in structural engineering, which
has become a subject of attention in the field of structural engineering research due to the wide variety of
applications. These structures are used as cylindrically shaped thin shells in various architecture and
industries, including tanks, pipes, storage tanks, and oil structures. The analysis and design of these types of
shells are of particular importance because their mechanical and dynamic characteristics are affected by fluid
flow, external loads, and variable environmental conditions. This article deals with the study of cylindrical
shells containing fluid flow and uses analytical and numerical methods to improve the understanding and
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control of the performance of these structures. Considering the importance of these structures in industry
and construction, it is very important to investigate the effect of fluid flow on the mechanical and dynamic
characteristics of cylindrical shells, and the results of this research can help to optimize the design and use of
these structures in practice. In the field of structural mechanics and fluid-structure interaction, the dynamic
behavior of pipes containing fluid has been considered. An accurate understanding of the complex dynamics
of these structures is crucial for various engineering applications. This introduction provides an overview of
key research that has contributed to the understanding of the dynamic response of fluid-bearing pipes under
varied loading conditions. Sadeghi and Karimi Dana [1] presented a study on the dynamic behavior of a tube
containing fluid under the influence of moving mass. From the finite element method and a state space
approach, they investigated the complex interactions between fluid flow and structural response and shed
light on the effects of dynamic loading. Mirramzani et al. [2] investigated the non-local vibrations of shell-
type tubes containing carbon nanotubes governing the internal and external flow. Their study considered
sliding conditions and elaborated on the vibrational characteristics of fluid-carrying carbon nanotube-based
structures. This work helps to understand the combined effects of internal and external flows on the vibration
behavior of the shells of such structures. Sheng and Ng [3] characterized the nonlinear response of cylindrical
shells containing fluid with variable properties in combination with mechanical and thermal loading. This
study investigated the behavior of shells with variable properties and helped to understand the effects of
functional materials on the response of cylindrical structures containing fluid. Dormos et al. compared and
analyzed the free vibration of the pipe with composite materials containing fluid located on the soil with a
two-parameter model [4]. Ma et al. [5] analyzed the stability of a pipe containing fluid located on a two-
parameter foundation with elastic support boundary conditions. The vibration isolation analysis of the pipe
containing piezoelectric fluid consisting of layered composite materials reinforced with fibers was performed
by Liang et al [6]. They concluded that the use of a piezoelectric feedback control system increases the natural
frequency and stability of the pipe containing fluid. to be Fu et al. [7] analyzed the dynamic behavior of axial
functional graduated tubes containing liquid-gas two-phase flow. A three-dimensional analysis of vibration
in curved pipes containing fluid with curved fluid elements and straight pipe was done by Ven et al. [8].

Methodology and Approaches

Figure (1) shows a porous concrete pipe reinforced with nanoparticles buried in a soil bed containing fluid
flow. The length of the concrete pipe is L, the average radius, and the thickness of the pipe. The soil bed is
modeled with Winkler vertical springs and a Pasternak shear layer.
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Fig. 1. Schematic of buried porous concrete pipe reinforced with nanoparticles containing fluid flow

According to the high-order shear deformation theory, the stress-strain relations are in the following form:
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where " is the elastic constant of the nanoparticle-reinforced tube. Considering that the concrete pipe is
porous, therefore the elastic constants and the density of the pipe change according to the following relations:

Cij (Z):Cijc[l_eo'//(z )], (6)
p(2)=p,[1-e,w(2)], (7)

C. e e =1—«/1—e
where Pe and "¢ arethe maximum density and elastic constants, respectively, © and ™ 0
are the porosity constants in the structure. Considering that the concrete pipe is reinforced with silica
nanoparticles, therefore, the mixing model is used to calculate the equivalent properties of the structure.
According to the mixing law, we have:
Cijc :(1_VN)C +VNCijN’ (8)

ijP

Pe :(1_VN )pp Vi Py (9)

where P and N indices are for tube and nanoparticles, respectively, and VN indicates the volume percentage
of nanoparticles.
Hamilton's principle is used to obtain the governing equations of the structure. Hamilton's principle is:

j; (U —SK — W — W, )dt =0 (10)

Now, with the help of the finite element Bezier and the eigenvalue method, the real and imaginary part of the
frequency can be calculated and the unstable velocity of the structure can be determined.

Results and Conclusions

Figures (2) and (3) respectively show the influence of the volume percentage of silica nanoparticles on the
dimensionless frequency (imaginary part of the response) and damping (real part of the response) of the
tube against the dimensionless fluid velocity. These graphs clearly show that the higher the volume
percentage of silica nanoparticles, the higher the frequency and critical velocity of the fluid, because the
rigidity of the structure increases with the addition of nanoparticles. For example, by increasing the volume
percentage of nanoparticles from zero to 3%, the maximum frequency and critical velocity of the fluid
increase by 35% and 38%, respectively.
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Fig. 2. The effect of the volume percentage of silica Fig. 3. The effect of the volume percentage of silica
nanoparticles on the imaginary part of the dimensionless nanoparticles on the real part of the dimensionless
frequency against the dimensionless fluid velocity frequency against the dimensionless fluid velocity

Figs. (4) and (5) depict the effect of concrete porosity on the imaginary and real part of the structure's
frequency with changes in the dimensionless fluid velocity. As it is clear, considering the porosity leads to the
reduction of the stiffness of the structure, and the maximum frequency and the critical velocity of the fluid
are also reduced. This issue is particularly important because porosity is continuously present in concrete
pipe structures. For example, with the increase of concrete porosity from zero to 0.6, the maximum frequency
and critical velocity of the fluid decrease by 26% and 18%, respectively. These results clearly show the
significant effect of porosity on the dynamic characteristics of the structure and how it reacts to changes in
fluid velocity.
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Fig. 4. The effect of the porosity on the imaginary part of the Fig. 5. The effect of the porosity on the real part of the
dimensionless frequency against the dimensionless fluid dimensionless frequency against the dimensionless fluid
velocity velocity

Conclusions

Instability analysis of buried porous concrete pipes is investigated in this article. The tube is reinforced with
nanoparticles and modeled with a high-order cylindrical shell model. The equivalent properties of the pipe
were calculated using the law of mixing, and the energy method and Hamilton's principle were used to obtain
the governing equations of the system. Using Bezier's finite element numerical method, the equations of
motion were analyzed and the critical velocity of the fluid was obtained. The results showed:

¢ By increasing the volume percentage of nanoparticles from zero to 3%, the maximum frequency and
critical velocity of the fluid increases by 35% and 38%, respectively.

+ With the increase of concrete porosity from zero to 0.6, the maximum frequency and critical velocity of
the fluid decrease by 26% and 18%, respectively. These results clearly show the significant effect of
porosity on the dynamic characteristics of the structure and how it reacts to changes in fluid velocity.

+¢ The presence of soil around the pipe increases the frequency of the structure by 21% and the critical
velocity of the fluid by 29%.
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