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                    Abstract
The strong dependence of crack-tip fields on specimen geometry and remote loading, particularly for moderate-to-low hardening materials under LSY conditions underlies the constraint loss phenomenon and invalidates the one-parameter characterization of unstable cracking behavior in terms of the \(J\)-integral. Previous research efforts have enabled establishing size requirements for valid \(J\) fracture toughness testing based on the dominance of the HRR singularity which are essentially applicable to homogeneous materials. Only little effort has been expended in the past years to extend the one-parameter characterization of crack-tip conditions to welded structural components. The present work addresses the coupling effect of specimen geometry and weld strength mismatch on the crack-tip deformation limits for which \(J\)-dominance is valid in weld centerline fracture specimens. Very detailed nonlinear finite element analyses of plane-strain models for common specimen geometries, including deep and shallow crack bend SE(B) and tension SE(T) fracture specimens, with weld centerline cracks enable resolving the required crack-tip stress fields from which the variation of crack-tip constraint with increased values of \(J\) can be assessed. The present study provides further insight into the coupled effects of specimen geometry and weld strength mismatch on the levels of deformation limit defined by \(M=(b\sigma _{0}^{WM})/J\), where \(b\) is the remaining crack ligament and \(\sigma _{0}^{WM}\) denotes a reference (yield) stress for the weld material, at which a one-parameter characterization of crack-tip stress fields still remains valid.



                    
    


                    
                        
                            
                                
                                    
                                        
                                    
                                    
                                        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: ]


Fig. 9[image: ]


Fig. 10[image: ]


Fig. 11[image: ]



                        

                    

                    
                        
                    


                    
                        
                            
                                
        
            
                Similar content being viewed by others

                
                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        The essential work of fracture in peridynamics
                                        
                                    

                                    
                                        Article
                                         Open access
                                         10 July 2023
                                    

                                

                                Christer Stenström, Kjell Eriksson, … Pär Jonsén

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Theoretical approach of characterizing the crack-tip constraint effects associated with material’s fracture toughness
                                        
                                    

                                    
                                        Article
                                        
                                         14 May 2018
                                    

                                

                                Junnan Lv, Li Yu, … Qun Li

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        J−Δσ Quantification of Out-of-Plane Constraint Loss in Mode-I Fracture
                                        
                                    

                                    
                                        Article
                                        
                                         10 February 2023
                                    

                                

                                Norwahida Yusoff & Feizal Yusof

                            
                        

                    
                

            
        
            
        
    
                            
                        
                    

                    

                    

                    References
	Rice JR (1968) A path independent integral and the approximate analysis of strain concentration by notches and cracks. J Appl Mech 35:379–386
Article 
    
                    Google Scholar 
                

	Hutchinson JW (1968) Singular behavior at the end of a tensile crack in a hardening material. J Mech Phy Solids 16:13–31
Article 
    MATH 
    
                    Google Scholar 
                

	Rice JR, Rosengren GF (1968) Plane strain deformation near a crack tip in a power-law hardening material. J Mech Phy Solids 16:1–12
Article 
    MATH 
    
                    Google Scholar 
                

	Anderson TL (2005) Fracture Mechanics: fundaments and applications -, 3rd edn. CRC Press, Boca Raton, FL

                    Google Scholar 
                

	Hutchinson JW (1983) Fundamentals of the phenomenological theory of nonlinear fracture mechanics. J Appl Mech 50:1042–1051
Article 
    
                    Google Scholar 
                

	McMeeking RM, Parks DM (1979) On criteria for J-dominance of crack-tip fields in large-scale yielding. In: Landes JD, Begley JA, Clarke GA (eds) Elastic-Plastic Fracture, ASTM STP 668. American Society for Testing and Materials, Philadelphia, pp 175–194
Chapter 
    
                    Google Scholar 
                

	Shih CF, German MD (1981) Requirements for a one-parameter characterization of crack tip fields by the HRR singularity. Int J Fract 17:27–43

                    Google Scholar 
                

	Ruggieri C, Dodds RH (1996) A transferability model for brittle fracture including constraint and ductile tearing effects: A probabilistic approach. Int J Fract 79:309–340
Article 
    
                    Google Scholar 
                

	Ruggieri C, Gao X, Dodds RH (2000) Transferability of elastic-plastic fracture toughness using the Weibull stress approach: Significance of parameter calibration. Eng Fract Mech 67:101–117
Article 
    
                    Google Scholar 
                

	Ruggieri C (2001) Influence of threshold parameters on cleavage fracture predictions using the Weibull stress model. Int J Fract 110:281–304
Article 
    
                    Google Scholar 
                

	American Society for Testing and Materials (2011)  Standard test method for measurement of fracture toughness, ASTM E1820–2011 

	American Society for Testing and Materials (2013) Standard test method for determination of reference temperature, \(T_0\), for ferritic steels in the transition range, ASTM E1921–13a 

	Fu J, Shi Y (2000) Mechanical heterogeneity and validity of J-dominance in welded joints. Int J Fract 106:311–320
Article 
    
                    Google Scholar 
                

	Dodds R, Anderson T, Kirk M (1991) A framework to correlate a/W ratio effects on elastic-plastic fracture toughness (\(J_c\)). Int J Fract 48:1–22
Article 
    
                    Google Scholar 
                

	A. Mendelson, Plasticity: Theory and Applications - 2nd Edition, Krieger Publishing, 1983.

	Chakrabarty J (2006) Theory of plasticity, 3rd edn. Elsevier Butterworth-Heinemann, Oxford, UK

                    Google Scholar 
                

	Rice JR (1967) Mechanics of crack tip deformation and extension by fatigue. In: Grosskreutz J (ed) Fatigue Crack Propagation, ASTM STP 415. American Society for Testing and Materials, Philadelphia, pp 247–311

                    Google Scholar 
                

	Williams ML (1957) On the stress distribution at the base of a stationary crack. J Appl Mech 24:109–114
MathSciNet 
    MATH 
    
                    Google Scholar 
                

	McMeeking RM (1977) Finite deformation analysis of crack-tip opening in elastic-plastic materials and implications for fracture. J Mech Phy Solids 25:357–381
Article 
    
                    Google Scholar 
                

	M. T. Kirk, R. H. Dodds, Effect of weld strength mismatch on elastic-plastic fracture parameters, Structural Research Series (SRS 570) UILU-ENG-92-2008, University of Illinois at Urbana-Champaign (1992).

	B. Healy, A. Gullerud, K. Koppenhoefer, A. Roy, S. RoyChowdhury, J. Petti, M. Walters, B. Bichon, K. Cochran, A. Carlyle, J. Sobotka, M. Messner, R. H. Dodds, WARP3D: 3-D dynamic nonlinear fracture analyses of solids using parallel computers, Structural Research Series (SRS 607) UILU-ENG-95-2012, University of Illinois at Urbana-Champaign, http://code.google.com/p/warp3d (2013)

	Moran B, Shih CF (1987) A general treatment of crack tip contour integrals. Int J Fract 35:295–310
Article 
    
                    Google Scholar 
                

	American Welding Society (2004) Structural welding code - steel, AWS D1.1/D1.1M:2004 

	Shih CF (1981) Relationship between the J-integral and the crack opening displacement for stationary and extending cracks. J Mech Phy Solids 29:305–326
Article 
    MATH 
    
                    Google Scholar 
                

	Nevalainen M, Dodds RH (1995) Numerical investigation of 3-D constraint effects on brittle fracture in SE(B) and C(T) specimens. Int J Fract 74:131–161
Article 
    
                    Google Scholar 
                


Download references




Acknowledgments
This investigation is supported by Fundacão de Amparo à Pesquisa do Estado de São Paulo (FAPESP) through grant 2009/54229-3. The work of the first author (RFS) is supported by Coordena cão de Aperfei coamento de Pessoal de Nível Superior (CAPES). The work of CR is also supported by the Brazilian Council for Scientific and Technological Development (CNPq) through Grants 304132/2009-8 and 476581/2009-5.


Author information
Authors and Affiliations
	Department of Naval Architecture and Ocean Engineering, University of São Paulo, São Paulo, Brazil
Rodolfo F. de Souza & Claudio Ruggieri


Authors	Rodolfo F. de SouzaView author publications
You can also search for this author in
                        PubMed Google Scholar



	Claudio RuggieriView author publications
You can also search for this author in
                        PubMed Google Scholar





Corresponding author
Correspondence to
                Claudio Ruggieri.


Additional information
Technical Editor: Lavinia Maria Sanabio Alves Borges.


Rights and permissions
Reprints and permissions


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



Cite this article
de Souza, R.F., Ruggieri, C. 
                     J-dominance and size requirements in strength-mismatched fracture specimens with weld centerline cracks.
                    J Braz. Soc. Mech. Sci. Eng. 37, 1083–1096 (2015). https://doi.org/10.1007/s40430-014-0249-5
Download citation
	Received: 28 February 2014

	Accepted: 11 September 2014

	Published: 02 October 2014

	Issue Date: July 2015

	DOI: https://doi.org/10.1007/s40430-014-0249-5


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
	
                        \(J\)-integral
	Large-scale yielding
	HRR dominance 
	Welded fracture specimen
	Weld centerline cracks








                    
                

            

            
                
                    

                    
                        
                            
    

                        

                    

                    
                        
                    


                    
                        
                            
                                
                            

                            
                                
                                    
                                        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
						
						
					


		
	
	
		
			
				
					
					54.80.246.116
				

				Not affiliated

			

		
	
	
		
			[image: Springer Nature]
		
	
	© 2024 Springer Nature




	






    