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Study on the Damage Fracture Assessment Curve Based on a Fully
Shear-Coupled Gurson Model

Li Siyuan, Gong Baoming, Deng Caiyan, Di Xinjie
(School of Materials Science and Engineering, Tianjin University, Tianjin 300350, China)

Abstract: Conservatism in the fracture assessment of full-scale pipeline structures has become an increasingly promi-
nent issue. Current engineering critical assessment procedures, which are primarily based on the Hutchinson-Rice-
Rosengren solution, fail to accurately predict the fracture outcomes under ductile tearing conditions. This limitation
stems from the lack of a unified coupled damage model and a fracture assessment approach that incorporates the dam-
age effects. To address these limitations, a fully shear-coupled Gurson (SCG) model is proposed, based on the classi-
cal phenomenological Gurson-Tvergaard-Needleman model, to capture the complete evolution of ductile fracture. A
comparative analysis between numerically simulated fracture sections of small-sized single edge-notched ten-
sion (SE (T) ) specimens and the corresponding experimental fracture surfaces validates that the SCG model, with an
appropriately defined shear-coupling damage coefficient C,'@(c) , can accurately predict the ductile fracture mecha-
nisms under high- and low-stress triaxiality conditions. Given the similarity in crack-tip constraint conditions between
SE (T) specimens and full-scale pipes, the SCG model is calibrated using small-sized SE (T) tests and a revised frac-
ture assessment curve (FAC)is subsequently formulated as f (Lr):m . According to the Irwin-Orowan en-

ergy conservation principle, crack-tip tearing contributes to a reduction in the driving force owing to the formation of
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new crack surfaces. However, this effect is not accounted for in the traditional elastic-plastic fracture assessment pro-

cedure, leading to conservative predictions. The proposed damage fracture assessment method is validated against

469 published full-scale pipeline fracture tests. The results demonstrate that the SCG model accurately captures the

high-cavitation fracture dominated by high triaxiality (77> 0.4) as well as the low-cavitation fracture under low triaxi-
ality (0<77<<0.4) . The damage FAC derived from the SCG model achieves a prediction reliability of 98.8% across the

469 full-scale pipeline tests, offering a novel and quantifiable methodology for structural integrity design with safety

redundancy. Moreover, it deepens the understanding of fracture behavior in circumferential-welded joints.

Keywords: microscopic damage mechanics; shear modification; fracture assessment curve (FAC) ; pipeline girth

weld; damage coupled model
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Fig.14 Fracture assessment results of a full-scale pipeline
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based on the damage fracture assessment curve
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