
Arc
hive

 of
 S

ID

  

  13951612 373 -383
                

  

    

     
mme.modares.ac.ir

  

    

    

    

    
                

 

:  Please cite this article using:
S. Pirboudaghi, R. Tarinejad, M. T. Alami, Damage Detection Based on System Identification of Concrete Arch Dam using XFEM Based Cohesive Crack Segments and Wavelet
Transform, Modares Mechanical Engineering Vol. 16, No. 12, pp. 373-383, 2016 (in Persian)

 
 

12*3  

1-  
2-   
3-   

 *5166616471r_tarinejad@tabrizu.ac.ir  

      
  

 :08  1395  
 :16  1395  

 :28 1395  

  )  
 (  .

3 
   .

 3 
 .

 
  . 

 -
 -

.  

  
  

  
  

  
  

  

  

Damage Detection Based on System Identification of Concrete Arch Dam using 
XFEM Based Cohesive Crack Segments and Wavelet Transform 

Sajjad Pirboudaghi, Reza Tarinejad*, Mohammad Taghi Alami 

Faculty of Civil Engineering, University of Tabriz, Tabriz, Iran 
* P.O.B. 5166616471, Tabriz, Iran, r_tarinejad@tabrizu.ac.ir 

ARTICLE INFORMATION  ABSTRACT 
Original Research Paper 
Received 29 August 2016 
Accepted 06 November 2016 
Available Online 18 December 2016 
 

 The aim of this work is to propose a procedure for online structural health monitoring of a double 
curvature arch dam structure using combination of the extended finite element model (XFEM) based on 
cohesive crack model (XFEM based cohesive crack segments) and continuous Wavelet transform 
(CWT). In this way, the Karun 3 dam, one of Iranian under operation arch dam, is numerically modeled 
and analyzed using the finite element method (FEM) and XFEM based cohesive crack segments 
respectively, and the dam is analyzed under the seismic excitation. The XFEM based cohesive crack 
segments for concrete material as a reliable model is used for investigating real responses of Karun 3 
concrete dam against applied loads and damages. In this model, whole of the structure is potentially 
under damage risk, while there is no initial crack. Then, for specification of crack effects and nonlinear 
behavior, the structural modal parameters and their variation should be investigated based on structure 
response for obtaining damage initiation time and its location by using system identification based on 
CWT. Results show the high ability of proposed procedure, in spite of difficulties arising from input 
effect, modal interference and choosing reference point effectiveness on modal shapes. By using 
analysis of the procedure results, the history of physical changes occurred in the structure and cracking 
initiation time from investigating time-frequency window of the structure response and exact location of 
crack from comparing the intact and damaged crest and central cantilever vibration modes are made 
possible. 
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Fig. 1 The nodes enrichment representation in XFEM [20] 
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Fig. 2 Crack tip of cohesive crack model [24] 

Fig. 3 Schematic diagram of traction separation law [25]  
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Fig 5 Finite element model of Karun 3 dam  

5 3  

1 Longitudinal 
2 Vertical 
3 Transversal 

 .

3.76  .300 
  .

4 10-6   

5-1 -   
 
 .

6
3  .

 .
 .4.09 

4.14 53   .
7 .

 3 
 .8  10

 .
 .

 .
 .

0.151-0.021 0.033   
  

  
 

 

4 Damage stabilization cohesive 

Fig 4 Karun 3 dam and its reservoir and appurtenant  

Fig. 6 The downstream and upstream face of Karun 3 dam cracks  
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Fig. 9 Comparison of crest midpoint longitudinal displacement  
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Fig. 10 Comparison of crest midpoint vertical displacement  
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)   

)     
  2.17  2.27 2.24 
 2.58  2.58 2.72 
 3.03  2.75 3.40 

Fig.7 The 3D central crack pattern of Karun 3 dam  
7 3  

  
Fig. 8 Comparison of dam crest midpoint transversal displacement  
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Fig. 11 The scalogram of intact dam crest midpoint longitudinal displacement (Sec-Hz)  
11 ) -   

 

Fig. 12 The scalogram of intact dam crest midpoint transversal displacement (Sec-Hz)  
12 ) -   

 

Fig. 13 The scalogram of Koyna earthquake horizontal and vertical components summation (Sec-Hz)  
13 ) -   
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Fig. 14 The scalogram of cracked dam crest midpoint longitudinal displacement (Sec-Hz) 
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Fig. 15 The scalogram of cracked dam crest midpoint transversal displacement (Sec-Hz) 
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Fig. 16 Comparison of the cantilever mode shapes of Karun 3 intact and cracked dam normalized to abutment (right) and crest (left) using WT 
16 3  ( )  ( )  

 

Fig. 17 Comparison of crest mode shapes of Karun 3 intact and cracked dam normalized to right abutment (right) and left abutment (left) using WT 
17 3 )   ( )  

f3=3.40 Hz - ABAQUS f2=2.72 Hz - ABAQUS 
  

f1=2.24 Hz - ABAQUS 
Fig. 18  Results of the first 3 mode shapes of Karun 3 dam obtained from Abaqus software 
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