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Frame structures 



Beam equation 


   

  
   



Simple problem … 

usually no dynamics … 



Boundary and initial conditions 




  

 
 

















 





 







Example solution 



Interval parameters 

  

  

   

   

        





United solution set 
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Interval equation 

 



    





Interval solution 











Implicit Finite Difference Method 





  

      

 


 

 


     

 



 
  




 


 




 



   

  

 









 


 




 




 








 










Implicit Finite Difference Method 







           

         



  

   

    
     


 





    



 

     
 







Matrix A 











 


    

 


    





 


  

 
 
 
 
 
 
 
 
 
 
 
 

  
 
 
  



Vector b 

 

 

 







 

 

    

 
 
 
 

 
 
 

 
 
 
 





 
 
 

















Example solution  





Example solution 





Dependency problem 

• Parameter dependent system of equations 

 

 

 

 

• Interval equation 

 





Dependency problem 











Iterative solution 

 
 

 
 



Non-iterative formulation 

 





  



  

  

  



Non-iterative formulation 

 


   


   
    

 
 
 

 

    

    

    

    
    

       
      
    

           



Non-iterative formulation 

 





  



  
  
 
 
 

  
  
  
  
  
  
    
  
  
  
  
  
    

 
  
 
 
 
 
   









 

 



 
 
 
 
 
 
    
 
 
 




 
 
 
 
 
 
 
 
 
 

 
 
 
 

 

   
   
   
   
   
   
    
   
   
   
 

  

 
      



Non-iterative formulation 

   





  

  

  



Non-iterative formulation 

 





  


  

   

    
    
    
     
    

      
          



Interval solution 



Interval solution 



Dependency problem II 



Dependency problem II 



Dependency problem II 



Functional derivative 



Analytical solution of free vibrations 



Dependency problem II 



Thank you 


