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 The detection of changes in the dynamic behavior of structures is an important issue in structural safety 
assessment. Deployment and servicing of marine and coastal structures such as piers in the marine 
environment constantly changing, requires understanding the dynamic behavior of these structures to 
prevent possible damage. Among the factors of uncertainty in understanding the dynamic performance 
of piers is uncertainties related to semi-rigid connection of deck to piles. According to this fact that the 
main mass of the structure is on deck, the connection of deck to piles is very important. In this study, 
experimental and numerical models of beach piers were studied. A test on experimental modal analysis 
was performed to determine the response of structures. A numerical model of the structure was prepared 
and theory of modal analysis was performed on it. Then, based on solution of optimization problem 
using Continuous Ant Colony Algorithm, the percentages of semi-rigid connections were determined 
and model was updated. Results show that the connection is not fully rigid. The present method can be 
used to determine the percentage of semi-rigidity of connections and prepare the finite element model to 
be more adaptable to the experimental model. Updated results with this method were very close to the 
real model. 
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Table 1 The mechanical and physical properties of deck 
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Table 2 The mechanical and physical properties of piles 

   
  600 (mm)  

 40 (mm)  
  5 (mm)  

  7850 (kg/m3)  
  0.3  

  200 (GPa)  
  

  
Fig. 1 The model of pier for experimental modal analysis 
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Table 3 The coordinate of accelerometers and excitation point 

   
SL1  (0,5,0)  
SL4 (0,20,0)  
SP1  (0,20,5)  
SP2   (5,20,30)  
f1  (5,5,15)  

4   
Table 4 The experimental natural frequency  

  1  2 3  4  
) HZ(  53.1  70.65 73.22  356.37  

1 Shell 4 node 181 
2 Pipe 288 

   4   
 .  

 .       
64  .  
 3  .

5   
  

2-3 -  
      

  

  
Fig. 3 Property of PIP288  

3 288 

 

Fig. 4 Finite element  model of pier in ansys 
4  

3 Black lanczos 

  

Fig. 2  Experimental modal measurement  
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Table 5 Numerical frequency in matlab and ansys 

 1  2 3  4  

  73.58  73.58  84.87  363.4  
  73.681  73.681  84.91  363.29  

–  .
 .

– )M- (1987 
[24] .5 

   

 .
 .

  .

 .

 .

 

)5( [ ] = [ ].  

[ ] 
)   

 ((7,6) 
  

)6(  [ ] =  

  =
1 .
1 1 1
1 1

1 1 1
1 1 1 1 1 1

 

 [ ] =

1 .
1 1 1
1 1

1 1 1
1 1 1 1 1 1

 

)7(  

=

1 1 1 1
1 1 1 1
1 1 1 1 1 1
1 1 1 1

1 1 1 1
1 1 1 1 1 1

 

  
  . (8) 

[25]:  

  =
+ +

4 3 + + (4 + )
 

  =
(2 + )

4 3 + + (4 + )
 

  =
(2 + )

4 3 + + (4 + )
 

  =
(3 + )

4(3 + ) + (4 + ) 

 [
 D

O
R

: 2
0.

10
01

.1
.1

02
75

94
0.

13
95

.1
6.

12
.6

0.
5 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 m
m

e.
m

od
ar

es
.a

c.
ir

 o
n 

20
24

-0
3-

20
 ]

 

                             5 / 10

https://dorl.net/dor/20.1001.1.10275940.1395.16.12.60.5
https://mme.modares.ac.ir/article-15-7892-en.html


    

      

  

286  13951612  

  = 4(3 + ) + (4 + ) 

)8(  =
(3 + )

4(3 + ) + (4 + ) 

   
 .

 
)  .(9) 

  

)9(  = , =  
  i j 

 . (10) 
[21] :  

=
+ +

3 , =
2 +

3 , =
2 +

3  
(10) = , = , =  

(10)     .
(11) 

  

)11(  =
3

4 , =
3

4 , =
3

4  

  -
 .

  
)  ()  ((12) 

  

)12(  , = ,

3 + ,
 

5 -   
  

  

Fig. 5 Semi- rigid connection[24] 
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Table 6 The parameters of ant colony algorithm 
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Table 7 Amount of spring stiffness and percentage of semi-rigid 
connection 
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Fig. 6 Numerical and experimental frequency before model updating  
6     

  
Fig. 7 Numerical and experimental frequency after model updating  

7    

  
Fig. 8 First receptance frequency response function of structure in fully rigid and semi rigid           
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Fig. 9 Second receptance frequency response function of structure in fully rigid and semi rigid   

9   

 

Fig. 10 Third receptance frequency response function of structure in fully rigid and semi rigid       
10    

 

Fig. 11 Fourth receptance frequency response function of structure in fully rigid and semi rigid     
11    
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