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1. Introduction 
 

Without doubt, improvement and spread of cities require 
infrastructures which can fulfil humankind’s needs and 
therefore, specifically, concrete pipes are considered one of 
these infrastructures which play important role in satisfying 
the requirements of metropolises. These structures are 
useful for irrigation, water supply lines, storm drains and so 
on. In fact, their striking traits include corrosion resistance, 
smooth face and high pressure durability. As a result, 
engineers and researchers are encouraged to investigate 
mechanical behavior of such structure. Al Rikabi et al. 
(2019) reported a pipe reinforced by synthetic fibers 
utilizing three-edge bearing test. It is clarified that 
reinforcement can rise stiffness, flexibility and cracking 
load and decline the manufacturing cost. (Goldaran et al. 
2020) conducted a research regarding a technique by which 
the corrosion of prestressed concrete pipe can be detected. 
Hence, they introduced acoustic emission method and water 
pressure was considered variably and both dry and wet 
conditions were regarded. They ascertained that the 
presented technique is dependable and efficient procedure 
to identify created corrosion. (Rose et al. 2018) analyzed  
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healing of concrete pipe leaks. In this paper, they declared 

that favorable water would be efficient for concrete pipes to 

be healed autogenously while unfavorable water can worsen 

this process. They expressed that healing method integrally 

needs solution having supersaturated quantities of calcium 

carbonate. In another paper, Feng et al. (2015) reported a 

novel way in order to identify cracks and leakages in 

concrete pipes and monitor them. In fact, they embed a 

piezoceramic in the concrete pipe and they can act as sensor 

and actuator by which the cracks can be detected. Further, 

circumferential and axial cracks have been analyzed. Nouri 

(2017) analyzed vibration as well as stability of a concrete 

pipe carrying fluid and considered carbon nanotubes 

(CNTs) as reinforcement. This structure is under magnetic 

field and various parameters such as velocity of fluid, CNT 

volume fraction and their geometry have been discussed. In 

another paper, Peyvandi et al. (2013) carried out a research 

regarding diverse fiber reinforcements affecting positively 

performance and effectiveness of concrete pipes besides 

their experimental investigations. They declared that 

various synthetic fibers including aramid, carbon and AR-

glass have been analyzed and virtually these fibers could 

ameliorate properties of concrete pipes such as shear 

resistance and reduction of weights. Nonlinear natural 

frequency of FG-CNT sandwich plate in thermal 

environment is analyzed by Mehar et al. (2017). Influence 

of thermal loads upon vibration of structure is discussed 

accurately. Moreover, FEM is used for solution of motion 
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Abstract.  Concrete pipes are considered important structures playing integral role in spread of cities besides transportation of 

gas as well as oil for far distances. Further, concrete structures under seismic load, show behaviors which require to be 

investigated and improved. Therefore, present research concerns dynamic stress and strain alongside deflection assessment of a 

concrete pipe carrying water-based nanofluid subjected to seismic loads. This pipe placed in soil is modeled through spring as 

well as damper. Navier-Stokes equation is utilized in order to gain force created via fluid and, moreover, mixture rule is applied 

to regard the influences related to nanoparticles. So as to model the structure mathematically, higher order refined shear 

deformation theory is exercised and with respect to energy method, the motion equations are obtained eventually. The obtained 

motion equations will be solved with Galerkin and Newmark procedures and consequently, the concrete pipe’s dynamic stress, 

strain as well as deflection can be evaluated. Further, various parameters containing volume percent of nanoparticles, internal 
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equations. Panda and Singh (2009) investigated post-

buckling analysis of laminated shallow panel. So as to 

utilize them expeditiously, science of their either static or 

dynamic behaviors used in process of manufacturing would 

be essential. Panda and Singh (2013) reported free vibration 

of a post-buckled laminated composite shell. The governing 

equations are derived using Hamilton’s principle and solved 

by FEM. Katariya et al. (2017) carried out a research about 

thermal buckling load of sandwich panel. In addition to 

obtaining and solving the governing equations using higher 

order theory and FEM respectively, influences of structural 

variables upon critical buckling load are discovered. In 

agreement with this subject, in another paper, buckling of a 

FG-CNTRC sandwich shell in thermal environment is 

investigated by Mehar et al. (2019). The outcomes have 

been indicating that negative Poisson’s proportion core 

leads to lower bending moment compared with the positive 

Poisson’s proportion core. Vibration analysis of FG-CNT 

sandwich panel in thermal environment is conducted by 

Mehar and Panda (2017). 
Nowadays, the earthquake phenomenon has received 

attentions due to the dangers threatening huge areas in the 
world. In spite of numerous researches regarding protection 

against earthquakes alongside tremors, the governments 
give importance to this phenomenon for saving people and 

reinforcing infrastructures. Therefore, analyzing and 

consequently, strengthening various structures used in 
cities, in particular in the soil, is pivotal. Kormanikova and 

Kotrasova (2018) discussed a laminated composite 
cylindrical reservoir subjected to seismic load. They 

accentuated this research because of considering impulsive 
and hydrodynamic besides hydrostatic pressures upon 

tanks. Further, first order shear deformation theory is 

applied. Hajmohammad et al. (2018) investigated an 
underwater concrete structure subjected to seismic load 

carrying fluid. In order to improve the performance of this 
structure, it has been reinforced via polymer nanofibers. 

Utilizing Hamilton’s principle and differential quadrature 

(DQ) method, governing equations are derived and solved. 
Further, nanofiber volume fraction and agglomeration have 

been discussed. Ma and Zhang (2016) analyzed a 
prestressed wind tower composed of concrete under seismic 

load. It was found that in comparison with the traditional 
steel towers, the seismic load with mode damping ration 

related to the supposed concrete structure would not be 

considerable. Montuori and Muscati (2016) discussed a 
notable and novel model for designing resistant concrete 

frames against seismic load. In fact, such structures show 
advanced behaviors against earthquake load. Taherifar et al. 

(2018) carried out a research as to concrete structure having 

smart layer subjected to seismic load. In this work, Navier-
Stokes equation is utilized to evaluate the created force 

between pipe and fluid. In this work, SiO2 nanoparticles 
volume fraction and aspect ratio are discussed. It should be 

noted that DQ method is applied for solution of governing 
equations. Looi et al. (2017) analyzed seismic behavior of 

reinforced concrete walls. In addition, this research studies 

effect of axial load ratio with short shear span. Luo et al. 
(2020) presented depiction of concrete systems subjected to 

far fault earthquakes. 

Numerical methods play prominent role in solving  

 

Fig. 1 Configuration of concrete pipe carrying water-based 

nanofluid buried in soil foundation subjected to seismic 

load 

 

 

governing equations and the trait that can attach importance 

to them, is accuracy. In this paper, Galerkin method has 

been utilized and there are numerous articles published 

using this method. Heydari Nosrat Abadi and Zamani Nouri 

(2019) analyzed pipes conveying fluid in thermal 

environment using Galerkin method. They indicated that 

this numerical method has accurate results. Hua et al. 

(2018) investigated natural frequency of cantilever beam 

utilizing Galerkin procedure. In this research, the results are 

compared with other papers and show perfect accuracy of 

obtained results as well. Karimi and Shahidi (2018) carried 

out a research regarding buckling of skew nanoplate 

employing Galerkin procedure. They have tested the results 

using this procedure with Navier’s solution for showing the 

precision. Belardi et al. (2018) discussed bending of 

composite circular plate using Galerkin method. Azmi et al. 

(2019) applied differential quadrature solution for dynamic 

analysis of concrete beam containg nanoparticles. 

Hitherto, there is no paper investigating dynamic stress, 

strain and displacement evaluation of a concrete pipe 

carrying water-based nanofluid subjected to seismic load. 

This structure is located in soil and it is simulated via spring 

and damper. In order to achieve the force between fluid and 

pipe, Navier-Stokes equation is utilized. For modeling this 

structure mathematically, higher order refined shear 

deformation theory is applied and using Hamilton’s 

principle, governing equations are obtained and solved 

utilizing Galerkin as well as Newmark procedures. The 

influence of various parameters such as nanoparticle 

volume fraction, soil medium and internal fluid upon 

dynamic stress, strain and deflection are discussed. 

 

 

2. Problem definition 
 

Fig. 1 illustrates a concrete pipe carrying water-based 

nanofluid buried in the soil regarding damping of the soil. 

As observed, this concrete structure is subjected to axial 

earthquake loads.  

With respect to higher order refined shear deformation 

theory for shell, displacement vectors are given by Thai and 

Choi (2011) 
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in which u and v respectively describe the mid-plane 

displacements in the x and θ directions; ws and wb 

respectively express shear as well as bending transverse 

deflections. Furthermore, the strain components of this 

concrete structure are described as 
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The constitutive relation for the stress can be written as 

below 

11 12

21 22

44

55

66

0 0 0

0 0 0

,0 0 0 0

0 0 0 0

0 0 0 0

xx xx

z z

zx xz

x x

C C

C C

C

C

C

 

 

 

 

 

 

 

 

    
    
       
 =   
    
    
        

 
(9) 

in which Cij (i,j=1,2,…,6) defines stiffness constants. 

  

2.1 Kinetic energy 
 

The kinetic energy related to this concrete pipe can be 

given by 
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in which ρ hints at density of pipe.  

2.2 Potential energy 
 

Likewise, the potential energy for assumed concrete 

structure is written as below 
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in which stress resultants can be expressed as 
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2.3 External work 
 

It should be noted that the work done contains soil 

foundation, internal fluid as well as earthquake load. 

 

2.3.1 Soil foundation 
The work done by means of soil foundation is given by  

( ) ,s s d

A

W k W c W WdA= − −  (14) 

in which ks and cd respectively represent coefficient of soil 

spring and damping of soil foundation.  

 

2.3.2 Earthquake load 
The external work related to the seismic force is given 

by 

( )(t) u ,e

A

W ma dA= 
 

(15) 

in which a(t) and m respectively define acceleration as well 

as mass.  

 

2.3.3 Internal fluid 
In this part, the widely known Navier-Stokes equation is 

expressed as below 

,bodyf
dt

d
FVP

V 2 ++−=   (16) 

in which V ≡ (vz,vθ,vx) describes flow velocity vector 

assumed in cylindrical coordinate system among x, θ and z 

directions. Moreover, P, μ and ρf respectively represent the 

fluid’s pressure, the fluid’s viscosity and the fluid’s density 

and Fbody expresses the body forces. Likewise, based on 

Navier-Stokes equation, total derivative operator according 

to t is 
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It is worth declaring that the contact point amid fluid 

and core, the relative velocity as well as acceleration in 

radial direction are considered equal. Therefore 

,
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By utilizing Eqs. (17) and (18) and introducing into Eq. 

(16), the pressure created inside pipe is calculated as  
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In this section, multiplying the whole Eq. (19) in the 

inside pipe’s area, A, the radial force in the pipe is counted 

as below 
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Eventually, the external work relative to fluid pressure is 

written as below 
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(21) 

in which water-nanoparticle flow’s effective viscosity, μμeff
, 

as well as density, ρμeff
, may be achieved through mixture 

law for Al2O3 nanoparticles considering diameter of 13 

(nm) as follows 

,)1( fneff  −+=  (22) 

2(1 39.11 533.9 ) ,eff f   = + +  (23) 

in which ρn, ρf, μn, μf and ϕ respectively define 

nanoparticle’s density, fluid’s density, nanoparticle’s 

viscosity, fluid’s viscosity and volume percent of 

nanoparticle. 

 

2.4 Governing equations  
 

With respect to the Hamilton’s principle and the 

relations obtained in above sections, the governing 

equations are derived as below 
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By introducing Eqs. (10), (11), (14), (15) and (21) into 

Eq. (24), governing equations can be extended as below 

2 3 3

0 1 12 2 2
: (t),xx x b s

x

N N u w w
u I I J ma

x R t t x t x




    
+ = − − +

        
(25) 

2 3 3

0 1 12 2 2
: ,x b sN N v w w

v I I J
x R t R t R t

 
  

    
+ = − −

        
(26) 

( ) ( )
2 2 2

2 2 2

2 2 3 3 2 2
2 2

0 1 2 22 2 2 2 2 2

: 2

,

b b b

xx x
b Fluid s b s d b s

b s b s

M M M N
w P k w w c w w

x R x R R

w w u v w w
I I I J

t t t x R t t t

  
 



  
+ + − + − + − + =

   

            
+ + + −  −        

              

 
( ) ( )

2 2 2

2 2 2

2 2 3 3 2 2
2 2

0 1 2 22 2 2 2 2 2

: 2

,

b b b

xx x
b Fluid s b s d b s

b s b s

M M M N
w P k w w c w w

x R x R R

w w u v w w
I I I J

t t t x R t t t

  
 



  
+ + − + − + − + =

   

            
+ + + −  −        

              

 
( ) ( )

2 2 2

2 2 2

2 2 3 3 2 2
2 2

0 1 2 22 2 2 2 2 2

: 2

,

b b b

xx x
b Fluid s b s d b s

b s b s

M M M N
w P k w w c w w

x R x R R

w w u v w w
I I I J

t t t x R t t t

  
 



  
+ + − + − + − + =

   

            
+ + + −  −        

               
( ) ( )

2 2 2

2 2 2

2 2 3 3 2 2
2 2

0 1 2 22 2 2 2 2 2

: 2

,

b b b

xx x
b Fluid s b s d b s

b s b s

M M M N
w P k w w c w w

x R x R R

w w u v w w
I I I J

t t t x R t t t

  
 



  
+ + − + − + − + =

   

            
+ + + −  −        

                

(27) 

( )
2 2 2

2 2 2

2 2 3 3 2 2
2 2

0 1 2 22 2 2 2 2 2

: 2

,

s s s

xx x xz x
s Fluid d b s

b s b s

M M M N Q Q
w P c w w

x R x R R x R

w w u v w w
I I J K

t t t x R t t t

   
  



    
+ + − + + + − + =

     

            
+ + + −  −        

              

 

( )
2 2 2

2 2 2

2 2 3 3 2 2
2 2

0 1 2 22 2 2 2 2 2

: 2

,

s s s

xx x xz x
s Fluid d b s

b s b s

M M M N Q Q
w P c w w

x R x R R x R

w w u v w w
I I J K

t t t x R t t t

   
  



    
+ + − + + + − + =

     

            
+ + + −  −        

              

 
( )

2 2 2

2 2 2

2 2 3 3 2 2
2 2

0 1 2 22 2 2 2 2 2

: 2

,

s s s

xx x xz x
s Fluid d b s

b s b s

M M M N Q Q
w P c w w

x R x R R x R

w w u v w w
I I J K

t t t x R t t t

   
  



    
+ + − + + + − + =

     

            
+ + + −  −        

               
( )

2 2 2

2 2 2

2 2 3 3 2 2
2 2

0 1 2 22 2 2 2 2 2

: 2

,

s s s

xx x xz x
s Fluid d b s

b s b s

M M M N Q Q
w P c w w

x R x R R x R

w w u v w w
I I J K

t t t x R t t t

   
  



    
+ + − + + + − + =

     

            
+ + + −  −        

                

(28) 

in which 
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Furthermore, the extended stress resultants are presented 

in Appendix A. 

 

 

3. Solving method  
 

According to the procedure recommended by Galerkin 

(Zamani Nouri 2018), yields 
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(32) 

in which ɷ mentions frequency, n and m respectively 

describe circumferential as well as half axial wave numbers. 

Hence, the governing equations can be given by 

        ( )  ,K d C d M d F+ + =  (33) 

in which [K], [C] and [M] respectively refer to the stiffness, 

damping and mass matrices. Further, {d}={u,v,wb,ws}, 

defines the displacement vector. Based on the procrdure of 

Newmark (Simsek 2010), the Eq. (33) can be written as 

following form 
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Fig. 2 Acceleration of Kobe earthquake 
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in which subscript, i+1, demonstrates time t=ti+1; d and 

d  respectively represent structure’s velocity and 

acceleration and are expressed as  
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 (35) 
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(37) 

where γ=0.5 and χ=0.25. Utilizing iteration method, Eq. 

(33) is solved. 

 

 

4. Results and discussion 
 

In present part, so as to evaluate obtained results of this 

research focusing upon particular parameters, a concrete 

pipe is chosen with Young's modulus of E=20 GPa. Further, 

the Poisson’s ratio, length to diameter ratio and thickness to 

radius ratio of pipe respectively are considered v=0.3, 

L/D=1 and h/R=0.01. The internal fluid material is water 

with density, ρf=998.2 kg/m3, and viscosity, μf=1.003×10-3 

Ns/m2, integrated with the nanoparticles, Al2O3, with 

density, ρf=3970 kg/m3. Moreover, the supposed spring 

constant related to soil foundation is calculated using 

following formulation (Bowles 1988) 

( )2

2
.

1 2 /

s
s

s

E
k

H B
=

− +

 
(38) 

In the above relation, ES and vS respectively express 

Young’s modulus of soil and Poisson's ratio of soil; B and 

 

Fig. 3(a) Effect of nanoparticle volume fraction upon 

dynamic stress 

 

 

Fig. 3(b) Effect of nanoparticle volume fraction upon 

dynamic strain 

 

 

Fig. 3(c) Effect of nanoparticle volume fraction upon 

dynamic displacement 

 

 

H respectively represent soil’s width and height.  

Likewise, the earthquake location is Kobe having the 

acceleration illustrated in Fig. 2. 

 

4.1 Validation 
 

So as to validate the results without neglecting  
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Fig. 4(a) Effect of nanoparticle volume fraction upon 

dynamic displacement 

 

 

Fig. 4(b) Effect of nanoparticle volume fraction upon 

dynamic strain 

 

 

Fig. 4(c) Effect of nanoparticle volume fraction upon 

dynamic stress 

 

 

parameters, the Runge-Kutta procedure will be utilized and 

the gained results are compared with Newmark procedure 

performed in this paper. Hence, this comparison of results 

for dynamic stress, strain and displacement respectively are 

displayed in Figs. 3(a)-3(c). It is transparent that the results 

for two procedures are in good agreement with each other 

 

Fig. 5(a) Effect of soil foundation upon dynamic 

displacement 

 

 

Fig. 5(b) Effect of soil foundation upon dynamic strain 

 

 

Fig. 5(c) Effect of soil foundation upon dynamic stress 

 

 

that shows the precision considered numerical method in 

this research. 

 

4.2 Parametric study 
 

The effect of nanoparticle volume fraction upon 

dynamic displacement, strain and stress, Figs. 4(a)-4(c) 

respectively are illustrated. As observed, rise of volume  
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Fig. 6(a) Effect of fluid upon dynamic displacement 

 

 

Fig. 6(b) Effect of fluid upon dynamic strain 

 

 

Fig. 6(c) Effect of fluid upon dynamic stress 

 

 

fraction of nanoparticle leads to diminish the dynamic 

stress, strain and displacement. It is due to the fact that 

growth of nanoparticle volume percent causes reduction of 

pipe instability. Thoroughly, it is determined that with 

increase in nanoparticle volume fraction about 1%, the 

dynamic stress, strain and deflection is reduced about 50%. 

In order to indicate the effect of soil foundation upon 

dynamic displacement, strain and stress, Figs. 5(a)-5(c) are  

 

Fig. 7(a) Effect of pipe’s length to diameter proportion upon 

dynamic displacement 

 

 

Fig. 7(b) Effect of pipe’s length to diameter proportion 

upon dynamic strain 

 

 

Fig. 7(c) Effect of pipe’s length to diameter proportion upon 

dynamic stress 

 

 

respectively shown. In this evaluation, two different types 

of the soil foundation (type of loose sand) are regarded 

including soil foundation which lacks damping (ks=4800 

N/m3, cd=0) and another one which contains damping 

(ks=4800 N/m3, cd=1000 Ns/m2). With respect to the 
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figures, considering the soil foundation results in decline of 

dynamic stress, strain and displacement because of 

increment of the structure’s stiffness. Further, presence of 

damping adds up to decrease in dynamic stress, strain and 

displacement, because inducement related to active damp in 

concrete structure.  

Figs. 6(a)-6(c) respectively show the effect of flow of 

fluid upon the dynamic displacement, strain and stress for 

concrete structure. It is obvious that passing internal fluid 

inside the concrete pipe results in increment of dynamic 

displacement, strain and stress. It can be justified by this 

reason that conveying internal fluid flow in the concrete 

pipe generates internal force.  

The influence of concrete pipe’s length to diameter 

proportion upon the dynamic displacement, strain and stress 

are respectively illustrated. As can be seen, increase in 

length to diameter proportion of this structure causes 

increment of dynamic stress, strain and deflection. In fact, 

rise of length to diameter proportion unfavorably affects 

structure’s stiffness.  

 

 

5. Conclusions 
 

The objective of present research was evaluation of 

dynamic stress, strain and displacement related to concrete 

pipe carrying water-based fluid. Moreover, this concrete 

pipe has been buried in soil and modeled via damper as well 

as spring elements. Well-known equation of Navier-Stokes 

was used to count the induced force through fluid. In order 

to model this concrete structure mathematically, the refined 

higher order shear deformation theory of shell was applied 

and using energy method, governing equations were 

derived. With respect to the Newmark and Galerkin 

procedures, the governing equations were solved and 

dynamic stress, strain and displacement related to concrete 

structure were calculated. Distinct variables containing 

volume percent of nanoparticle, flow of fluid, length to 

diameter proportion of the pipe, soil medium and damping 

and their effects upon dynamic stress, strain and deflection 

were analyzed. it was determined that increase in 

nanoparticle volume fraction up to 3% leads to decline of 

the dynamic stress, strain and deflection about 50%. 

Further, assumption of soil foundation reduces the dynamic 

stress, strain and displacement. Likewise, passing the 

internal fluid inside concrete pipe results in increase in the 

dynamic stress, strain and displacement.  
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Appendix 
 

By introducing Eq. (9) into Eqs. (12) and (13), the stress 

resultants yield 
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