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                    Abstract
Hybrid simulation is a powerful test method for evaluating the seismic performance of structural systems. This method makes it feasible that only critical components of a structure be experimentally tested. This paper presents a newly proposed integration algorithm for seismic hybrid simulation which is aimed to extend its capabilities to a wide range of systems where existing methods encounter some limitations. In the proposed method, which is termed the variable time step (VTS) integration method, an implicit scheme is employed for hybrid simulation by eliminating the iterative phase on experimental element, the phase which is necessary in regular implicit applications. In order to study the effectiveness of the VTS method, a series of numerical investigations are conducted which show the successfulness of the VTS method in obtaining accurate, stable and converged responses. Then, in a comparative approach, the improved accuracy of the VTS method over commonly used integration methods is demonstrated. The stability of the VTS method is also studied and the results show that it provides conditional stability; however, its stability limit is well beyond the accuracy limit. The effect of time delay on the VTS method results is also investigated and it is shown that the VTS method is quite successful in handling this experimental error.



                    
    


                    
                        
                            
                                
                                    
                                        
                                    
                                    
                                        This is a preview of subscription content, log in via an institution
                                    
                                    
                                        
                                     to check access.
                                

                            

                        

                        
                            
                                
                                    Access this article

                                    
                                        
                                            
                                                
                                                    Log in via an institution
                                                    
                                                        
                                                    
                                                
                                            

                                        
                                    
                                    
                                        
We’re sorry, something doesn't seem to be working properly.
 Please try refreshing the page. If that doesn't work, please contact support so we can address the problem.



                                    

                                    
                                        Institutional subscriptions
                                            
                                                
                                            
                                        

                                    

                                

                            
                        

                        
                            
                        

                    

                    
                        
                    


                    
                        
                            
                                
        
            
                Similar content being viewed by others

                
                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Influence of the modal damping ratio calculation method in the analysis of dynamic events obtained in structural health monitoring of bridges
                                        
                                    

                                    
                                        Article
                                         Open access
                                         20 March 2024
                                    

                                

                                J. A. López-Aragón, V. Puchol & M. A. Astiz

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        ESPFEM2D: A MATLAB 2D explicit smoothed particle finite element method code for geotechnical large deformation analysis
                                        
                                    

                                    
                                        Article
                                        
                                         15 February 2024
                                    

                                

                                Wei Zhang, Yihui Liu, … Weihai Yuan

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        DualSPHysics: from fluid dynamics to multiphysics problems
                                        
                                    

                                    
                                        Article
                                        
                                         29 March 2021
                                    

                                

                                J. M. Domínguez, G. Fourtakas, … M. Gómez-Gesteira

                            
                        

                    
                

            
        
            
        
    
                            
                        
                    

                    

                    

                    References
	Ahmadizadeh M and Mosqueda G (2008), “Hybrid Simulation with Improved Operator-splitting Integration Using Experimental Tangent Stiffness Matrix Estimation,” Journal of Structural Engineering, 
                           134(12): 1829–1838.
Article 
    
                    Google Scholar 
                

	Ahmadizadeh M, Mosqueda G and Reinhorn AM (2008), “Compensation of Actuator Delay and Dynamics for Real-time Hybrid Structural Simulation,” Earthquake Engineering and Structural Dynamics, 
                           37(1): 21–42.
Article 
    
                    Google Scholar 
                

	Carrion JE and Spencer BF (2006), “Real-time Hybrid Testing Using Model-based Delay Compensation,” 4th International Conference on Earthquake Engineering, Taipei, Taiwan.

                    Google Scholar 
                

	Chang SY (2007), “Enhanced, Unconditional Stable, Explicit Pseudodynamic Algorithm,” Journal of Engineering Mechanics, 
                           133(5): 541–554.
Article 
    
                    Google Scholar 
                

	Chang SY (2010), “Explicit Pseudodynamic Algorithm with Improved Stability Properties,” Journal of Engineering Mechanics, 
                           136(5): 599–612.
Article 
    
                    Google Scholar 
                

	Chang SY (2013), “An Explicit Structure-dependent Algorithm for Pseudodynamic Testing,” Engineering Structures, 
                           46: 511–525.
Article 
    
                    Google Scholar 
                

	Darby AP, Williams MS and Blakeborough A (2002), “Stability Delay Compensation for Realtime Substructure Testing,” Journal of Engineering Mechanics, 
                           128(12): 1276–1284.
Article 
    
                    Google Scholar 
                

	Horiuchi T and Konno T (2001), “A New Method for Compensating Actuator Delay in Real-time Hybrid Experiments,” Philosophical Transactions of the Royal Society of London Series A-Mathematical Physical and Engineering Sciences, 
                           359: 1786–1893.

                    Google Scholar 
                

	Hung CC and El-Tawil S (2009a), “A Method for Estimating Specimen Tangent Stiffness for Hybrid Simulation,” Earthquake Engineering and Structural Dynamics, 
                           38: 115–134.
Article 
    
                    Google Scholar 
                

	Hung CC and El-Tawil S (2009b), “Full Operator Algorithm for Hybrid Simulation,” Earthquake Engineering and Structural Dynamics, 
                           38: 1545–1561.
Article 
    
                    Google Scholar 
                

	Mahin SA and Shing PSB (1985), “Pseudodynamic Method for Seismic Testing,” Journal of Structural Engineering, 
                           111(7): 1482–1503.
Article 
    
                    Google Scholar 
                

	Mosqueda G (2003), “Continuous Hybrid Simulation with Geographically Distributed Substructures,” PhD Dissertation, Civil and Environmental Engineering in the Graduate Division of the University of California, Berkeley.

                    Google Scholar 
                

	Mosqueda G and Ahmadizadeh M (2007), “Combined Implicit or Explicit Integration Steps for Hybrid Simulation,” Earthquake Engineering and Structural Dynamics, 
                           36: 2325–2343.
Article 
    
                    Google Scholar 
                

	Mosqueda G and Ahmadizadeh M (2011), “Iterative Implicit Integration Procedure for Hybrid Simulation of Large Nonlinear Structures,” Earthquake Engineering and Structural Dynamics, 
                           40: 945–960.
Article 
    
                    Google Scholar 
                

	Mosqueda G, Stojadinovic B and Mahin SA (2007), “Real-time Error Monitoring for Hybrid Simulation. II: Structural Response Modification with Error,” Journal of Structural Engineering, 
                           133(8): 1109–1117.
Article 
    
                    Google Scholar 
                

	Nakashima M, Kaminoso T, Ishida M and Kazuhiro A (1990), “Integration Techniques for Substructure Online Test,” 4th US National Conference of Earthquake Engineering, Palm Springs, CA, 515–524.

                    Google Scholar 
                

	Nakashima M and Masaoka N (1999), “Real-time Online Test for MDOF Systems,” Earthquake Engineering and Structural Dynamics, 
                           28(4): 393–420.
Article 
    
                    Google Scholar 
                

	Newmark NM (1959), “A Method of Computation for Structural Dynamics,” Journal of Engineering Mechanics, 
                           85: 67–94.

                    Google Scholar 
                

	Shing PSB, Nakashima M and Bursi O (1996), “Application of Pseudodynamic Test Method to Structural Research,” Earthquake spectra, 
                           12: 29–56.
Article 
    
                    Google Scholar 
                


Download references




Author information
Authors and Affiliations
	Faculty of civil and environmental Engineering, Tarbiat Modares University, P.O.Box: 14155-143, Tehran, Iran
Maedeh Zakersalehi & Abbas Ali Tasnimi

	School of civil Engineering, Sharif University of Technology, Tehran, Iran
Mehdi Ahmadizadeh


Authors	Maedeh ZakersalehiView author publications
You can also search for this author in
                        PubMed Google Scholar



	Abbas Ali TasnimiView author publications
You can also search for this author in
                        PubMed Google Scholar



	Mehdi AhmadizadehView author publications
You can also search for this author in
                        PubMed Google Scholar





Corresponding author
Correspondence to
                Abbas Ali Tasnimi.


Rights and permissions
Reprints and permissions


About this article
[image: Check for updates. Verify currency and authenticity via CrossMark]       



Cite this article
Zakersalehi, M., Tasnimi, A.A. & Ahmadizadeh, M. A new integration scheme for application to seismic hybrid simulation.
                    Earthq. Eng. Eng. Vib. 16, 69–81 (2017). https://doi.org/10.1007/s11803-017-0369-x
Download citation
	Received: 04 March 2015

	Accepted: 21 July 2015

	Published: 26 January 2017

	Issue Date: January 2017

	DOI: https://doi.org/10.1007/s11803-017-0369-x


Share this article
Anyone you share the following link with will be able to read this content:
Get shareable linkSorry, a shareable link is not currently available for this article.


Copy to clipboard

                            Provided by the Springer Nature SharedIt content-sharing initiative
                        


Keywords
	seismic hybrid simulation
	numerical integration
	accuracy
	stability
	error index
	time delay








                    
                

            

            
                
                    

                    
                        
                            
    

                        

                    

                    
                        
                    


                    
                        
                            
                                
                            

                            
                                
                                    
                                        Access this article


                                        
                                            
                                                
                                                    
                                                        Log in via an institution
                                                        
                                                            
                                                        
                                                    
                                                

                                            
                                        

                                        
                                            
We’re sorry, something doesn't seem to be working properly.
 Please try refreshing the page. If that doesn't work, please contact support so we can address the problem.



                                        

                                        
                                            Institutional subscriptions
                                                
                                                    
                                                
                                            

                                        

                                    

                                
                            

                            
                                
    
        Advertisement

        
        

    






                            

                            

                            

                        

                    

                
            

        

    
    
    


    
        
            Search

            
                
                    
                        Search by keyword or author
                        
                            
                            
                                
                                    
                                
                                Search
                            
                        

                    

                
            

        

    



    
        Navigation

        	
                    
                        Find a journal
                    
                
	
                    
                        Publish with us
                    
                
	
                    
                        Track your research
                    
                


    


    
	
		
			
			
	
		
			
			
				Discover content

					Journals A-Z
	Books A-Z


			

			
			
				Publish with us

					Publish your research
	Open access publishing


			

			
			
				Products and services

					Our products
	Librarians
	Societies
	Partners and advertisers


			

			
			
				Our imprints

					Springer
	Nature Portfolio
	BMC
	Palgrave Macmillan
	Apress


			

			
		

	



		
		
		
	
		
				
						
						
							Your privacy choices/Manage cookies
						
					
	
						
							Your US state privacy rights
						
						
					
	
						
							Accessibility statement
						
						
					
	
						
							Terms and conditions
						
						
					
	
						
							Privacy policy
						
						
					
	
						
							Help and support
						
						
					


		
	
	
		
			
				
					
					54.226.229.159
				

				Not affiliated

			

		
	
	
		
			[image: Springer Nature]
		
	
	© 2024 Springer Nature




	






    