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ABSTRACT 

Additive manufacturing of metallic components can result in initial defects that significantly reduce their 
mechanical properties [1]. Therefore, there has been considerable interest in studying the fracture and 
damage behavior of such components through theoretical and experimental studies [2, 3]. Developing a 
reliable model for predicting the ductile fracture of additively manufactured components is currently of 
great importance. In this study, we conducted unit cell calculations with the calibration of experimental tests 
to investigate the ductile fracture of Ti-6Al-4V alloy fabricated through additive manufacturing. The stress 
triaxiality and Lode parameter were enforced constant for the voided cubic unit cell model during the 
loading. An energy-based criterion was employed to identify the onset of void coalescence [4, 5], and the 
macroscopic effective strain corresponding to the minimum value of the energy work ratio was considered 
as the failure strain for a certain stress state. We determined the initial void fraction of the unit cell by 
conducting tensile tests on a series of specimens with different notch radii, which provided several different 
stress states. Note that finite element analysis was used to calibrate the internal parameters of specimens, 
such as the distribution of stress states and effective strain [6]. Our proposed unit cell model successfully 
predicted the failure strain for Ti-6Al-4V alloy fabricated by L-PBF under different stress states, and the test 
results confirmed its accuracy. Our study provides valuable insights for designing and applying metallic 
additive manufacturing in the future. 

 
The specimens used in this study are shown in Fig. (a) The different geometries of notched specimens provide a 

series of stress states. The finite element analysis results fit well with the experimental data are shown in Fig. (b) 

Note that the inside parameters of specimens are obtained from numerical simulation. The unit cell model and the  



 

 

2 ICCES, 2023, vol.28, no.1 

                                                                                                                                                                        

 

 

 

Funding Statement: The authors gratefully acknowledge the financial support of the National Natural 

Science Foundation of China (Grant No. 12172292). 

 

Conflicts of Interest: The authors declare that they have no conflicts of interest to report regarding the 

present study. 

 

References: 

1. Liu, S., Shin, Y. C. (2019). Additive manufacturing of Ti6Al4V alloy: A review. Materials & Design, 164, 

107552. 

2. Yang, X., Li, Y., Jiang, W., et al. (2021). Ductile fracture prediction of additive manufactured Ti6Al4V alloy 

based on an extended GTN damage model. Engineering Fracture Mechanics, 256, 107989. 

3. Yang, X., Li, Y., Duan, M., et al. (2022). An investigation of ductile fracture behavior of t Ti6Al4V alloy 

fabricated by selective laser melting. Journal of Alloys and Compounds, 890, 161926. 

4. Wong, W. H., Guo, T. F. (2015). On the energetics of tensile and shear void coalescences. Journal of the 

Mechanics and Physics of Solids, 82, 259-286. 

5. Liu, Z. G., Wong, W. H., Guo, T. F. (2016). Void behaviors from low to high triaxialities: Transition from void 

collapse to void coalescence. International Journal of Plasticity, 84, 183-202. 

6. Wilson-Heid, A. E., Qin, S. P., Beese, A. M. (2020). Multiaxial plasticity and fracture behavior of stainless steel 

316L by laser powder bed fusion: Experiments and computational modeling. Acta Materialia, 199, 578-592. 

energy work rate ratio are depicted in Fig. (c) and Fig. (d), respectively, where the effective plastic 
deformation distribution also presented. In this study, the failure strain is considered as the function of 
stress triaxiality, Lode parameter and initial void fraction for unit cell calculation. Fig. (e) shows the failure 
strain from obtained both unit cell calculations and experimental tests under different stress states, 
indicating the high accuracy of the unit cell calculation in predicting ductile fracture of additively 
manufactured Ti-6Al-4V alloy.  
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