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Fig. 1 Coordinate system and region of interest
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Fig. 2 Specimen geometry (unit: mm)
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Fig. 3 Schematic diagram of four different welded specimens
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Fig.4 Stereo images of specimen B at the load of 14kN
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Tab.1 Comparison of CTOD results of the base material (unit: pm)
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Tab. 2 CTOD results of the welded specimens (unit: pm)
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Fig.5 Displacement fields in X-direction at the final stage of the four specimens (unit: mm)
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Fig. 6 Displacement fields in Y-direction at the final stage of the four specimens (unit: mm)
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Fig. 7 Displacement fields in Z-direction at the final stage of the four specimens (unit: mm)
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Fig. 8 Strain fields at the final stage of the four specimens. From left to right: specimen A, B, C, D
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Experimental investigation on full three-dimensional
deformation near crack tip based on digital image correlation

LIU Qiang, ZHOU Yi-hao, SUN Chen, CHEN Ju-bing

(Department of Engineering Mechanics, Shanghai Jiaotong University, Shanghai 200240, China)

Abstract: In this paper, based on three-dimensional digital image correlation (3D-DIC), combining
crack tip location, chain matching and correlation coefficient thresholding algorithm, the full three-
dimensional deformation of metal weldment crack tip was measured to analyze the influence of welding
on materials fracture behavior. In experiment, adopting the compact tension specimens with
prefabricated fatigue cracks and taking Q235 steel as base material, four kinds of specimen were
prepared, which have different welded joint distributions: non weld base metal specimen, weld is
located at specimen central part, weld deviates from specimen central part 5mm, weld deviates from
specimen central part 8mm, respectively. Experimental results show that 3D-DIC can not only obtain
the in-plane deformation induced by crack opening, and extract the crack tip opening displacement,
but also can measure the local out of plane depression caused by the yielding of crack tip material.
Comparing crack tip field of different weldments, it is revealed that the relative position of crack and
weld joint has a great influence on fracture mechanics behavior of specimen. When crack is located at
the weld seam, the crack tip opening displacement and local depression are most significant, and crack
tip deformation in heat affected zone is significantly higher than that of base metal, so the fracture
toughness is higher than that of the base metal. With the increase of load, the stress concentration
and local damage will occur at the boundary of the weld seam near the crack, which will ultimately
affect the failure behavior of the material. Above results demonstrate that 3D-DIC can be applied to
analyze the fracture behavior of heterogeneous material. It may provide effective experimental data for
study of practical fracture problems and for validation and refinement of fracture mechanics theory.

Keywords: digital image correlation (DIC); crack tip; full three-dimensional deformation; welding



