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                    Abstract
A phenomenological ductile fracture model is proposed by a careful consideration of void nucleation, growth and coalescence during plastic deformation. Within the model framework, void nucleation is controlled by an equivalent plastic strain function. Void growth takes place through two ways, namely void dilation and void elongation, which are characterized by the normalized hydrostatic stress and normalized maximum shear stress, respectively. Void coalescence is characterized by the maximum shear stress. Aluminum alloy (AA) 6016-T6 sheets are selected to conduct ductile fracture (DF) experiments on specimens with different geometries, which can cover a wide range of stress states from simple shear to balanced biaxial tension. Subsequently, the new DF model is calibrated by using a robust hybrid numerical-experimental approach with a three-dimensional (3D) fracture surface constructed for AA 6016-T6. Ductile fracture data of other two aluminum alloys (AA 2024-T351 and AA 5083-O) are also used to evaluate DF model performance by establishing their 3D fracture surfaces. Finally, a cup drawing test is conducted and simulated as a case study showing how an applicable way of using the new model. Furthermore, the predictive accuracy of the proposed DF model for fracture initiation is compared with other three uncoupled models (modified Mohr–Coulomb criterion (MMC), Lou-Yoon-Huh model and Mu-Zang model) by ABAQUS/Explicit with a user subroutine (VUMAT), which shows a good performance of the proposed DF model.
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Appendix
Appendix
Modified Mohr–Coulomb (MMC) mode could be expressed as follows (Ref 20):
$$\overline{\varepsilon }_{f - MMC} = \left\{ {\frac{A}{{C_{7} }}\left[ {C_{8} + \left( {2 + \sqrt 3 } \right)\left( {1 - C_{8} } \right)\left( {\sqrt {L^{2} + 3} - \sqrt 3 } \right)} \right]\left[ {\sqrt {\frac{{1 + C_{6}^{2} }}{{L^{2} + 3}}} + C_{6} \left( {\eta - \frac{L}{{3\sqrt {L^{2} + 3} }}} \right)} \right]} \right\}^{{ - \frac{1}{n}}}$$

                    (18)
                


where A, n and C6~C8 are the material constants.
Lou-Yoon-Huh model could be expressed as follows under proportional loading (49):
$$\overline{\varepsilon }_{f - Lou} = C_{11} \left( {\frac{{\sqrt {L^{2} + 3} }}{2}} \right)^{{C_{9} }} \left[ {\frac{{3\left( {1 + C_{12} } \right)\sqrt {L^{2} + 3} }}{{3\left( {\eta + C_{12} } \right)\sqrt {L^{2} + 3} - L + 3}}} \right]^{{C_{10} }}$$

                    (19)
                


where C9~C12 are the material constants.
Mu-Zang model could be expressed as follows under proportional loading (Ref 24):
$$\overline{\varepsilon }_{f - Mu} = C_{15} \left\langle {\frac{{3\sqrt {L^{2} + 3} }}{{C_{13} \left( {3\eta \sqrt {L^{2} + 3} - L} \right) + 3}}} \right\rangle^{{C_{14} }}$$

                    (20)
                


where C13~C15 are the material constants.
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