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Numerical and experimental comparison
between advanced and modified Gurson model
for API X70 steel fracture

Abstract: API X70 steels are widely used in natural gas transmission pipelines across
Iran. These steels, produced through controlled thermo-mechanical processing,
exhibit complex mechanical behavior due to anisotropy induced by rolling and
pipe-forming operations, which cannot be accurately predicted by classical
constitutive models. In this study, the Gurson-Tvergaard—Needleman (GTN) damage
model was combined with the Hill’s anisotropic yield criterion and implemented as a
user-defined subroutine (VUMAT) in Abaqus/Explicit. The measured anisotropy
coefficients in the 0°, 45°, and 90° directions were 0.56, 0.79, and 0.54, respectively
— higher than those of seamless pipes — revealing a noticeable change in mechanical
response induced by the forming process. Results from tensile tests and numerical
simulations indicated that the advanced GTN model provided a more accurate
prediction of strain-hardening and post-necking behavior compared with the modified
version. Nevertheless, both models showed good agreement with the experimental
data within a small error range. Overall,w the findings demonstrate that, for reliable
fracture assessment of this anisotropic pipeline steel, the advanced GTN model
incorporating anisotropy yields a more realistic prediction of material failure behavior.

Keywords: Damage mechanic, GTN model, APl X70 steel, Hill anisotropic yield
criteria, Advanced Gurson model
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