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In this article, Monte Carlo simulation method is used in conjunction with finite elements (FEs) for
probabilistic free vibration and stability analysis of pipes conveying fluid. For fluid-structure
interaction, Euler-Bernoulli beam model is used for analyzing pipe structure and plug flow model
for representing internal fluid flow in the pipe. By considering structural parameters of system as
random fields, the governing deterministic partial differential equation (PDE) of continuous
system is transformed into stochastic PDE. The continuous random fields are discretized by
mid-point and local average discretization methods; then, by Monte Carlo simulations in each
iteration loop, every distributed-parameter PDE having stochastic lumped-parameters is
transformed into deterministic distributed-parameter PDE. Each PDE is transformed into
system of deterministic ordinary differential equations (ODEs) by using FEs. Accordingly, all of
the deterministic and stochastic parameters of system are discretized. For free vibration analysis,
the eigenvalue problem is solved for investigating the complex-valued eigenvalues and critical
eigenfrequencies. Consequently, having complex eigenfrequencies and divergence points, the
statistical responses of stochastic problem are obtained like expected values, standard deviations,
probability density functions, and the probability of occurrence for divergence instabilities.

Keywords:
Random vibration
Random fields
Monte Carlo simulation
Fluid-structure interaction
Stochastic stability analysis  

  

1-   
-

  . 
   

  .-
 

 .  

]  1 [1939 . 
 

 
]2[] 3 [ ]4[ 

.   ]5 [
  
 

 [
 D

O
R

: 2
0.

10
01

.1
.1

02
75

94
0.

13
94

.1
5.

4.
29

.1
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 m
m

e.
m

od
ar

es
.a

c.
ir

 o
n 

20
24

-0
4-

10
 ]

 

                               1 / 8

https://dorl.net/dor/20.1001.1.10275940.1394.15.4.29.1
https://mme.modares.ac.ir/article-15-4441-en.html


    

         

  

248  139415 4  

  .]6 [
  

.  ]  7 [  
 

  . 
  . ]8 [ 

-
  

 ]9[   
-

 .  
 

-   
 

 ] 10.[  
  .   

  
     

  .
  -

 .
 -

  
 ]  11 [

    . 
  

    
 ]  12 [

  .
 

 

 ]13 [
    

      
] 14 [

  
 -1  .]  15 [

 ] 16 [

  
  -  

-2 
  .

 

1- Floquet-Lyapunov theory
2- Plug flow 
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3- Random fields
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2- Local average method
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