
        
    
        
            
            
                
            

            
        
    

        
    
        
            
            
                
            

            
        
    


        
    




        

        
    Skip to main content

    

    
    
        
            
                
                    
                        [image: SpringerLink]
                    
                
            
        


        
            
                
    
        Log in
    


            
        
    


    
        
            
                
                    
                        
                            
                        Menu
                    
                


                
                    
                        
                            Find a journal
                        
                    
                        
                            Publish with us
                        
                    
                        
                            Track your research
                        
                    
                


                
                    
                        
                            
                                
                                    
                                Search
                            
                        

                    
                    
                        
 
  
   
  Cart
 


                    
                

            

        
    




    
        
    
        
            
                
                    
    
        
            	
                        Home




	
                        Journal of Scientific Computing

	
                        Article

The Gradient Flow Structure of an Extended Maxwell Viscoelastic Model and a Structure-Preserving Finite Element Scheme


                    	
                            Published: 23 August 2018
                        


                    	
                            Volume 78, pages 1111–1131, (2019)
                        
	
                            Cite this article
                        



                    
                        
                        
                    

                
                
                    
                        
                            
                            
                                
                                [image: ]
                            
                            Journal of Scientific Computing
                        
                        
                            
                                Aims and scope
                                
                            
                        
                        
                            
                                Submit manuscript
                                
                            
                        
                    
                

            
        
    


        
            
                

                

                
                    
                        	Masato Kimura1, 
	Hirofumi Notsu 
            ORCID: orcid.org/0000-0001-8649-24881,2, 
	Yoshimi Tanaka3 & 
	…
	Hiroki Yamamoto4 

Show authors
                        
    

                        
                            	
            
                
            418 Accesses

        
	
            
                
            5 Citations

        
	
                
                    
                1 Altmetric

            
	
            Explore all metrics 
                
            

        


                        

                        
    
    

    
    


                        
                    
                


                
                    Abstract
An extended Maxwell viscoelastic model with a relaxation parameter is studied from mathematical and numerical points of view. It is shown that the model has a gradient flow property with respect to a viscoelastic energy. Based on the gradient flow structure, a structure-preserving time-discrete model is proposed and existence of a unique solution is proved. Moreover, a structure-preserving P1/P0 finite element scheme is presented and its stability in the sense of energy is shown by using its discrete gradient flow structure. As typical viscoelastic phenomena, two-dimensional numerical examples by the proposed scheme for a creep deformation and a stress relaxation are shown and the effects of the relaxation parameter are investigated.



                    
    


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

                            

                        

                        
                            
                                
                                    Access this article

                                    
                                        
                                            
                                                
                                                    Log in via an institution
                                                    
                                                        
                                                    
                                                
                                            

                                        
                                    
                                    
                                        
 
 
  
   
    
     
     
      Buy article PDF USD 39.95
     

    

    Price excludes VAT (USA)

     Tax calculation will be finalised during checkout.

    Instant access to the full article PDF.

   

  

  
 

 
  
   
    Rent this article via DeepDyve
     
      
     

   

  

  
 


                                    

                                    
                                        Institutional subscriptions
                                            
                                                
                                            
                                        

                                    

                                

                            
                        

                        
                            Fig. 1[image: ]


Fig. 2[image: ]


Fig. 3[image: ]


Fig. 4[image: ]


Fig. 5[image: ]


Fig. 6[image: ]


Fig. 7[image: ]


Fig. 8[image: ]



                        

                    

                    
                        
                    


                    
                        
                            
                                
        
            
                Similar content being viewed by others

                
                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        A Novel Equation of Motion to Predict Elastoplastic Deformation of 1-D Stochastic Bars
                                        
                                    

                                    
                                        Article
                                         Open access
                                         17 November 2023
                                    

                                

                                Shivang Desai

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        A Novel Notion of Local and Nonlocal Deformation-Gamuts to Model Elastoplastic Deformation
                                        
                                    

                                    
                                        Article
                                         Open access
                                         10 January 2022
                                    

                                

                                Shivang Desai

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        A New Hybrid WENO Scheme with the High-Frequency Region for Hyperbolic Conservation Laws
                                        
                                    

                                    
                                        Article
                                        
                                         24 November 2021
                                    

                                

                                Yifei Wan & Yinhua Xia

                            
                        

                    
                

            
        
            
        
    
                            
                        
                    

                    

                    

                    References
	Abuzeid, O.M., Eberhard, P.: Linear viscoelastic creep model for the contact of nominal flat surfaces based on fractal geometry: standard linear solid (SLS) material. J. Tribol. 129, 461–466 (2007)
Article 
    
                    Google Scholar 
                

	Ciarlet, P.G.: The Finite Element Method for Elliptic Problems. North-Holland, Amsterdam (1978)
MATH 
    
                    Google Scholar 
                

	Ferry, J.D.: Viscoelastic Properties of Polymers. Wiley, New York (1970)

                    Google Scholar 
                

	Golden, J.M., Graham, G.A.C.: Boundary Value Problems in Linear Viscoelasticity. Springer, Berlin (1988)
Book 
    MATH 
    
                    Google Scholar 
                

	Hecht, F.: New development in FreeFem++. J. Numer. Math. 20(3–4), 251–265 (2012)
MathSciNet 
    MATH 
    
                    Google Scholar 
                

	Karamanou, M., Shaw, S., Warby, M.K., Whiteman, J.R.: Models, algorithms and error estimation for computational viscoelasticity. Comput. Methods Appl. Mech. Eng. 194(2–5), 245–265 (2005)
Article 
    MathSciNet 
    MATH 
    
                    Google Scholar 
                

	Kimura, M., Notsu, H., Tanaka, Y., Yamamoto, H.: In preparation

	Lockett, F.J.: Nonlinear Viscoelastic Solids. Academic Press, Paris (1972)
MATH 
    
                    Google Scholar 
                

	Macosko, C.W.: Rheology: Principles, Measurements, and Applications. Wiley-VCH, New York (1994)

                    Google Scholar 
                

	Nečas, J.: Les Méthods Directes en Théories des Équations Elliptiques. Masson, Paris (1967)
MATH 
    
                    Google Scholar 
                

	Rivière, B., Shaw, S.: Discontinuous Galerkin finite element approximation of nonlinear non-Fickian diffusion in viscoelastic polymers. SIAM J. Numer. Anal. 44(6), 2650–2670 (2006)
Article 
    MathSciNet 
    MATH 
    
                    Google Scholar 
                

	Rivière, B., Shaw, S., Wheeler, M.F., Whiteman, J.R.: Discontinuous galerkin finite element methods for linear elasticity and quasistatic linear viscoelasticity. Numerische Mathematik 95(2), 347–376 (2003)
Article 
    MathSciNet 
    MATH 
    
                    Google Scholar 
                

	Rognes, M.E., Winther, R.: Mixed finite element methods for linear viscoelasticity using weak symmetry. Math. Models Methods Appl. Sci. 20, 955–985 (2010)
Article 
    MathSciNet 
    MATH 
    
                    Google Scholar 
                

	Schmidt, A., Siebert, K.G.: Design of Adaptive Finite Element Software: The Finite Element Toolbox ALBERTA. Springer, Berlin (2005)
MATH 
    
                    Google Scholar 
                

	Shaw, S., Whiteman, J.R.: A posteriori error estimates for space-time finite element approximation of quasistatic hereditary linear viscoelasticity problems. Comput. Methods Appl. Mech. Eng. 193(52), 5551–5572 (2004)
Article 
    MathSciNet 
    MATH 
    
                    Google Scholar 
                


Download references




Acknowledgements
This work is partially supported by JSPS KAKENHI Grant Numbers JP16H02155, JP17H02857, JP26800091, JP16K13779, JP18H01135, and JP17K05609, JSPS A3 Foresight Program, and JST PRESTO Grant Number JPMJPR16EA.


Author information
Authors and Affiliations
	Faculty of Mathematics and Physics, Kanazawa University, Kanazawa, 920-1192, Japan
Masato Kimura & Hirofumi Notsu

	Japan Science and Technology Agency, PRESTO, Kawaguchi, 332-0012, Japan
Hirofumi Notsu

	Department of Environment and System Sciences, Graduate School of Environment and Information Sciences, Yokohama National University, Yokohama, 240-8501, Japan
Yoshimi Tanaka

	Graduate School of Natural Science and Technology, Kanazawa University, Kanazawa, 920-1192, Japan
Hiroki Yamamoto


Authors	Masato KimuraView author publications
You can also search for this author in
                        PubMed Google Scholar



	Hirofumi NotsuView author publications
You can also search for this author in
                        PubMed Google Scholar



	Yoshimi TanakaView author publications
You can also search for this author in
                        PubMed Google Scholar



	Hiroki YamamotoView author publications
You can also search for this author in
                        PubMed Google Scholar





Corresponding author
Correspondence to
                Hirofumi Notsu.


Rights and permissions
Reprints and permissions


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



Cite this article
Kimura, M., Notsu, H., Tanaka, Y. et al. The Gradient Flow Structure of an Extended Maxwell Viscoelastic Model and a Structure-Preserving Finite Element Scheme.
                    J Sci Comput 78, 1111–1131 (2019). https://doi.org/10.1007/s10915-018-0799-2
Download citation
	Received: 17 February 2018

	Revised: 12 July 2018

	Accepted: 30 July 2018

	Published: 23 August 2018

	Issue Date: 15 February 2019

	DOI: https://doi.org/10.1007/s10915-018-0799-2


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
	Gradient flow structure
	Maxwell viscoelastic model
	Finite element method
	Structure preserving scheme








                    
                

            

            
                
                    

                    
                        
                            
    

                        

                    

                    
                        
                    


                    
                        
                            
                                
                            

                            
                                
                                    
                                        Access this article


                                        
                                            
                                                
                                                    
                                                        Log in via an institution
                                                        
                                                            
                                                        
                                                    
                                                

                                            
                                        

                                        
                                            
 
 
  
   
    
     
     
      Buy article PDF USD 39.95
     

    

    Price excludes VAT (USA)

     Tax calculation will be finalised during checkout.

    Instant access to the full article PDF.

   

  

  
 

 
  
   
    Rent this article via DeepDyve
     
      
     

   

  

  
 


                                        

                                        
                                            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
						
						
					


		
	
	
		
			
				
					
					3.85.162.126
				

				Not affiliated

			

		
	
	
		
			[image: Springer Nature]
		
	
	© 2024 Springer Nature




	






    