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2 Technische Universität Berlin, Strasse des 17. Juni 135, 10623 Berlin, Germany 



1.  Introduction 


By means of a small-scale truss bridge, the abil-
 ity  of  the  Measurement-  and  Model-based  Struc-
 tural Analysis to detect and localize damage was ex-
 amined  in  [1].  Although  there  was  no  noteworthy 
 difficulty  in  detecting  damage,  it  turned  out  that 
 damage localization responds sensitively to system-
 atic influences, i.e. non-modelled properties of the 
 mechanical model. Therefore, another experiment is 
 being  conducted  to  re-examine  the  Measurement- 
 and Model-based Structural Analysis. For this pur-
 pose, the bending test is carried out as it has been 
 already  theoretically  respectively  numerically  dis-
 cussed in [2]. In this attempt, the systematic influ-
 ences such as residual stress are kept as low as pos-
 sible. 



2.  Specimen and experimental set-up 


The specimen is a 1.5 m long slender aluminium 
 beam  with  a  square  cross-section  of  35 mm  by 
 35 mm,  see  Fig. 1.  The  beam  was  designed  with 
 small indentations. They ensure that the applied and 
 reactive forces always act in the same place on the 
 beam specimen. On both ends of the lower side of 
 the  beam,  there  are  indentations  for  the  bearings. 


The notches are located 1 cm from the outer edge of 


Fig. 1. A six-point bending test apparatus for an alumin-
 ium beam specimen. 


the beam. The bearings consist of a metal chamfer 
 strip  glued  to  a  wooden  structure.  An  aluminium 
 profile was used to connect the bearing to the tripod. 


The tripod was placed on top of a metal star. To pre-
 vent the tripod from slipping, the tripod spider was 
 glued to the floor with double-sided adhesive tape. 


In addition, weights were placed on the stand spider. 


On the upper side of the beam there are four inden-
 tations for attaching weights. Damage is caused by 
 drilling and sawing the beam. 



3.  Measurement system 


Photogrammetry  is  used  to  measure  the  defor-
 mation  of  the  beam.  To  track  the  local  displace-
 ments, in total 34 round target stickers are applied 
 on the surface of the beam (31 markers) as well as 
 on the tripod (three markers). The evaluation soft-
 ware has been developed by the Institute of Geodesy 
 and Geoinformation Science at the Technische Uni-
 versität Berlin to determine the position of the mark-
 ers. Accordingly, the camera calibration and distor-
 tion corrections were carried out by them. 



4.  Calibration of the reference state 


To adjust the elastic modulus of an undamaged 
 slender beam, twelve experiments were conducted. 


In each experiment, the deformation behavior of the 
 beam is examined in either unloaded or loaded state. 


For each beam state, images are taken at short inter-
 vals. The exposure time was also considered when 
 determining the intervals. A total of 12 by 300 ob-
 servations is obtained for each of the 31 markers. 


The  variance-covariance  matrix  of  the  marker 
 position observations is determined by the measure-
 ments of the entire experiment. The standard devia-
 tion of the displacement in y-direction is 


σ𝑢= 0.003 mm    (1) 
 and the adjusted elastic modulus is 


𝐸̂ = 67.397 GPa with σ𝐸̂= 0.009 mm.  (2) 
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5.  Damage detection and localization 


In the same way as in [2], the presented approach 
 is followed to detect and localize damage. However, 
 to avoid long computation time, in case where the 
 global  test  failed  to  reject  the  null  hypothesis,  the 
 standardized  residuals  NVζ  of  the  observed  un-
 known elastic parameters are evaluated. The finite 
 element discretization of the beam specimen is de-
 termined in dependence on the attached markers as 
 well as the application points of the forces and bear-
 ings.  Thus,  the  finite  element  model  of  the  beam 
 consists of 36 non-equidistant elements. Consider-
 ing the two boundary conditions and a linear inter-
 polation of the elastic parameter of each element, a 
 total of 39 unknowns result. Due to the high degree 
 of freedom resulting from the number of unknowns, 
 an incorrect adjustment of the boundary conditions 
 can occur. Eventually, the elastic parameters of the 
 elements  can  be  incorrectly  adjusted  to  counteract 
 the effects of yielding bearings. Therefore, in a first 
 step, all elements share the same elastic modulus. In 
 other words, one Young’s modulus and two bound-
 ary  conditions  must  be  determined  from  the  dis-
 placement  observations.  Then,  in  the  second  step, 
 the adjusted boundary conditions are used as fixed 
 values,  while  the  36  elastic  parameters  are  deter-
 mined from the displacement observations. 


The beam was gradually damaged at a fixed po-
 sition.  The  edge-to-edge  length  of  the  beam  is 
 1500 mm.  The  damage  was  caused  at  approxi-
 mately 383 mm, measured from the right edge. The 
 beam length in the finite element model is 1480 mm 
 which corresponds to the distance between the bear-
 ings.  Thus,  the  damage  position  is  at  approximate 
 1107 mm.  The  damage  has  been  successively  in-
 creased. First, the beam was drilled through with a 
 radius of 4 mm. Six different load experiments were 
 then  carried  out.  The  damage  was  not  detected  in 
 five out of six cases. And the localization of the fault 
 failed where an alleged damage was detected. The 
 beam was then further damaged. The borehole was 
 extended  to  10 mm  radius;  then  two  more  holes 
 were drilled with 10 mm radius each, and damage 
 was  further  increased.  Again,  no  damage  was  no-
 ticeably detected. Then, the beam was sawed. Here, 
 it  was  observed  that  if  the  attached  weights  were 
 large enough, the damage was detected but the lo-
 calization  of  the  damage  failed.  Ultimately,  the 
 damage was large enough, so that the damage could 
 be  detected  and  localized  repeatedly.  The  damage 
 position is at approximate 1107 mm. Thus, it affects 
 the element node ζ = 24 which is at 1112 mm. How-


ever, according to the performed analysis, the dam-
 age is located at the element node ζ = 22 which is at 
 990 mm.  This  results  in  an  error  estimate  of 
 117 mm. In relation to the total length of 1480 mm, 
 the mislocalization is less than 8 percent, (117 mm 
 /1480 mm ≈ 0.079). 



6.  Conclusion 


By means of a beam bending experiment, the re-
 evaluation  has  shown  that  the  Measurement-  and 
 Model-based Structural Analysis can detect and lo-
 calize damage. However, the likelihood of localiz-
 ing damage is hampered by systematic influences. 


Here, in this case, it was observed that ambient light 
 affected  the  photogrammetric  system.  Ambient 
 light changes, for example, due to the influence of 
 clouds. As a result, the pixels on the images change 
 their  contrasts  and  thus  influencing  the  adjusting 
 circular position of the marker. It is also inevitable 
 that the markers will become soiled over time. This 
 also impacts an apparent change in the marker posi-
 tion. Subsiding tripods and bearings were also un-
 helpful  in  reducing  systematic  influences  during 
 evaluation. The maximum deflection was approxi-
 mately 1.4 mm and due to the subsiding of roughly 
 0.1 mm, the elastic parameter was missing 3 GPa at 
 the end of the adjustment. To counteract the subsid-
 ence, on the one hand the finite element model had 
 to  be  extended,  on  the  other  hand  the  attached 
 weight should not become too large. Since the beam 
 was very stiff and it was not possible to attach too 
 much weight, the deflection became too small. But 
 it was necessary that the deflection had to be large 
 enough to overcome the noise and systematic influ-
 ences of photogrammetry. In the end, there was no 
 other choice but to increase the damage to the beam. 


This made it possible to achieve consistent damage 
 detection and localization. 



References 


[1]  Wu,  C.-C.,  Kadoke,  D.,  Fischer,  M.,  Kohlhoff,  H., 
 Weisbrich, S., Neitzel, F., A small-scale test bridge 
 for Measurement- and Model-based Structural Anal-
 ysis,  In 35th  Danubia-Adria  Symposium  on  ad-
 vances  in  experimental  mechanics,  Sinaia,  25-28 
 Sep, 2018, PRINTECH, Bucureşti, 2018, pp. 23–24. 


[2]  Wu,  C.-C.,  Weisbrich,  S.,  Neitzel,  F.,  Integrated 
 structural analysis of hybrid measurement and finite 
 element method for damage detection within a slen-
 der beam. In 31st Danubia-Adria Symposium on ad-
 vances in experimental mechanics, Kempten, 24-27 
 Sep,  2014,  VDI  Verein  Deutscher  Ingenieure  e.V., 
 Düsseldorf, 2014, pp. 191–192. 


64





    
  




      
      
        
      


            
    
        Odkazy

        
            	
                        
                    



            
                View            
        

    


      
        
          

                    Stáhnout nyní ( PDF - 2 Stránka - 477.67 KB )
            

      


      
      
        
  Související dokumenty

  
    
      
          
        
            BIM AND FORECASTING DEFORMATIONS IN MONITORING STRUCTURES
        
      

        Based  on  the  analysis  of  literary  sources,  the  authors  reviewed  various  methods  for  identifying hidden patterns in geodetic measurement data when monitoring buildings

    
      
          
        
            479 SergioOcampo ,NorbertoRodríguez UnarevisiónintroductoriadelaestimaciónyaplicacionesdeunVAR-Xestructural AnIntroductoryReviewofaStructuralVAR-XEstimationandApplications
        
      

        Applications of the structural VAR-X for impulse response functions to structural shocks, multiplier analysis of the exogenous variables, forecast error variance decom- position

    
      
          
        
            Parameters Describing the Pulse Wave
        
      

        Some methods for arterial  stiffness measurement are based on the measurement of  pulse wave velocity and analysis of pulse wave curve  form (Oliva and Roztočil 1982, Savage et

    
      
          
        
            What is Structural Equation Modeling?
        
      

        In this section, we set the stage by discussing examples of a confirmatory factor analysis, regression analysis, and a general structural equation model with latent

    
      
          
        
            THESIS SUPERVISOR FORM Erasmus Mundus Programme ADVANCED MASTERS IN STRUCTURAL ANALYSIS OF MONUMENTS AND HISTORICAL CONSTRUCTIONS 1
        
      

        ADVANCED MASTERS IN STRUCTURAL ANALYSIS OF MONUMENTS AND HISTORICAL CONSTRUCTIONS  3  The

    
      
          
        
            DAMAGE CHARACTERIZATION IN BUILDING STRUCTURES DUE TO BLAST ACTIONS
        
      

        Experimental Modal Analysis  Structural Identification  Structural Health Monitoring  Stochastic Subspace Identification  Operational Modal Analysis  Operating Deflection Shapes 

    
      
          
        
            Combined finite element–finite volume method (convergence analysis)
        
      

        Keywords: compressible Navier-Stokes equations, nonlinear convection-diffusion equa- tion, finite volume schemes, finite element method, numerical integration, apriori esti-

    
      
          
        
            Svalová slabost kriticky nemocných:
        
      

          To  introduce  and  validate  the  measurement  of  mitochondrial  functional  indices  by  extracellular  flux  analysis  (XF24)  on  an  in  vitro  model  of  human  skeletal

      



      

    

    
            
                        
             Nahrajte své studijní materiály ke stažení všech dokumentů.

            
              

                        
  

                
            
            
        
        Nahrát
                

            Váš dokument bude obohacen, sdílen na 9PDF CZ, aby vám pomohl při studiu.

          

                    
      
  Související dokumenty

  
          
        
    
        
    
    
        
            Employing Finite Element Analysis and Robust Control
        
        
            
                
                    
                    41
                

                
                    
                    0
                

                
                    
                    0
                

            

        

    


      

          
        
    
        
    
    
        
            ANALYSIS OF TWO COMPUTER PROGRAMS FOR A PILE WALL DESIGN IN PRAGUE
        
        
            
                
                    
                    91
                

                
                    
                    0
                

                
                    
                    0
                

            

        

    


      

          
        
    
        
    
    
        
            CONFERENCE PROCEEDINGS
        
        
            
                
                    
                    608
                

                
                    
                    0
                

                
                    
                    0
                

            

        

    


      

          
        
    
        
    
    
        
            Hybridized Integrated Methods in Fuzzy Multi-Criteria Decision Making
        
        
            
                
                    
                    130
                

                
                    
                    0
                

                
                    
                    0
                

            

        

    


      

          
        
    
        
    
    
        
            THESIS SUPERVISOR FORM Erasmus Mundus Programme ADVANCED MASTERS IN STRUCTURAL ANALYSIS OF MONUMENTS AND HISTORICAL CONSTRUCTIONS 1
        
        
            
                
                    
                    2
                

                
                    
                    0
                

                
                    
                    0
                

            

        

    


      

          
        
    
        
    
    
        
            3D FE Analysis of Transient Electromagnetic- Thermal Phenomena in a Turbogenerator Rotor
        
        
            
                
                    
                    2
                

                
                    
                    0
                

                
                    
                    0
                

            

        

    


      

          
        
    
        
    
    
        
            Biomechanics of pelvic ring fixation techniques
        
        
            
                
                    
                    2
                

                
                    
                    0
                

                
                    
                    0
                

            

        

    


      

          
        
    
        
    
    
        
            The Czech Broadcast Conversation Corpus
        
        
            
                
                    
                    9
                

                
                    
                    0
                

                
                    
                    0
                

            

        

    


      

      


              
          
            
          

        

          

  




  
  
  
    
      
        Společnost

        	
             O nás
          
	
            Sitemap

          


      

      
        Kontakt  &  Pomoc

        	
             Kontaktujte Nás
          
	
             Feedback
          


      

      
        Legal

        	
             Podmínky Použití 
          
	
             Zásady Ochrany Osobních Údajů
          


      

      
        Social

        	
            
              
                
              
              Linkedin
            

          
	
            
              
                
              
              Facebook
            

          
	
            
              
                
              
              Twitter
            

          
	
            
              
                
              
              Pinterest
            

          


      

      
        Získejte naše bezplatné aplikace

        	
              
                
              
            


      

    

    
      
        
          Školy
          
            
          
          Témy
                  

        
          
                        Jazyk:
            
              Čeština
              
                
              
            
          

          Copyright 9pdf.info © 2024

        

      

    

  




    



  
        
        
        
          


        
    
  
  
  




     
     

    
        
            
                

            

            
                                 
            

        

    




    
        
            
                
                    
                        
                            
  

                            

                        
                            
  

                            

                        
                            
  

                            

                        
                            
  

                            

                        
                            
  

                            

                    

                    
                        

                        

                        

                        
                            
                                
                                
                                    
                                

                            

                        
                    

                    
                        
                            
                                
  

                                
                        

                        
                            
                                
  

                                
                        

                    

                

                                    
                        
                    

                            

        

    


