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Behavior for UHSS 1470 MPa Grade Sheets
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Abstract

In the present work, the ductile fracture behaviors of ultra-high strength steel sheets along the different loading directions are

investigated under various loading paths. Three loading paths, i.e.,

in-plane shear, uniaxial tension, plane strain tension

deformations, are considered, and the corresponding specimens are described. The experiments are conducted using the digital

image correlation (DIC) system to analyze the strain at the onset of the fracture. The experimental results show that the loading

path for each specimen sample is linear, and different values of the fracture strains for the loading direction from the plane

strain tension are observed. The ductile fracture model of the modified Mohr-Coulomb (MMC) is constructed based on the

experimental data and evaluated along the rolling direction and transverse direction under various loading paths.

Keywords: UHSS, Anisotropic fracture, Sheet metal
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Table 1 Basic mechanical property of 1470 MPa grade

steel sheets

E (GPa) v orp (MPa) | opp (MPa)
205 0.33 1330 1334
ot (MPa) | r-value (RD) | r-value (DD) | r-value (TD)
1327 0.94 1.03 1.04

* E: Young’ modulus, v: Poisson’s ratio, c: Yield stress, r-

value: Lankford coefficient
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APPENDIX
1. Flow chart of stress—triaxiality from the DIC
measurement system [9]

1) Initialize
k =1 frame from the DIC measurement
2) The principal strain increment: de;, de,

3) The von-Mises effective strain
2
de, J (de, )

4) The accumulated effectlve strain €, = Idae

dgldgz) (de2 )2

5) The equivalent stress of the strain hardening law ;(Z‘)
6) The ratio of the principal stresses using the associated

flow rule
o, 2p+1  dg
o p+2’ " dg
7) The stress triaxiality
1+ a)

T=0—"/
3Wl-a+a?

8) If the material is not fractured, then k—(k+1) and go to 2
REFERENCES

[1] S.E. Park, B. H. Park, M. H. Oh, B. S. Kang, T. W. Ku,
2021,

Reduction

Effect of Local Softening for Spring-back
of Ultra High Strength Steel
Microstructure and Mechanical Properties, Trans. Mater.
Vol. 30, No. 3, pp. 134~141.
http://dx.doi.org/10.5228/KSTP.2021.30.3.134
[2] N. Park, H. Huh, 2016, Modeling of a Ductile Fracture
Criterion for Sheet Metal Considering Anisotropy, Trans.
Mater. Process., Vol. 25, No. 2, pp. 91~95.
http://dx.doi.org/10.5228/KSTP.25.2.91
Y. Bai , T. Wierzbicki, 2010, Application of Extended
Mohr Coulomb Criterion to Ductile Fracture, Int. J.
Fract. Fract, Vol 161 No. 1, pp. 1~20.
https://doi.org/10.1007/s10704-009-9422-8
Y . Lou, H. Huh, S. Lim, K. Pack, 2012, New Ductile
Fracture Criterion for Prediction of Fracture Forming
Limit Diagrams of Sheet Metals, Int. J. Solids Struct.,
Vol. 49, No. 25, pp. 3605~3615.
https://doi.org/10.1016/j.ijsolstr.2012.02.016
[5] Y. Li, M. Luo, J. Gerlach, T. Wierzbicki, 2010,

on

Process.,

(3]

[4]



(6]

[7]

2317 % 1470 MPayw A9

Prediction of Shear-induced Fracture in Sheet Metal
Forming, J. Mater. Process. Technol. Technol., Vol.
No.14, pp. 1858~1869.
http://dx.doi:10.1016/j.jmatprotec.2010.06.021

I. Jang, G. Bae, J. Song, H. Kim, N. Park, 2020, Fracture
envelopes on the 3D-DIC and hybrid inverse methods
considering loading history, Mat. & Des., Vol. 194,
108934. https://doi.org/10.1016/j.matdes.2020.108934
J. Ha, M.G. Lee, F. Barlat, 2012, Evaluation of
Anisotropic Hardening Models using Two-Step Tension

Tests, Trans. Mater. Process., Vol. 21, No. 6, pp.

she o] Al

(8]

(9]

&

Aafel] B AT 91

i)

372~377. https://doi.org/10.5228/KSTP.2012.21.6.372
Y. Bai, T. Wierzbicki, 2008, A new model of metal
plasticity and fracture with pressure and Lode
dependence, Int. J. Plast., Vol 24, No. 6, pp.1071~1096.
https://doi.org/10.1016/j.ijplas.2007.09.004.

J. Lee, H. J. Bong, H. Park, D. Kim, 2022,
Micromechanics-based modeling of plastic and ductile
fracture of aluminum alloy 2024-O, Eng. Fract. Mech.,
Vol 261, pp.108213.
https://doi.org/10.1016/j.engfracmech.2021.108213





