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Envelope Element Local Digital Image Correlation Method for
Crack Tip Deformation Field Measurement

Du Jianxin, Zhao Jiaging , Wang Haitao, Sun Libin, Wu Xinxin
Institute of Nuclear and New Energy Technology, Collaborative Innovation Center of Advanced Nuclear
Energy Technology, Key Laboratory of Advanced Reactor Engineering and Safety of Ministry of Education,
Tsinghua University, Beijing 100084, China

Abstract The measurement of displacement and strain fields of smooth and accurate crack tips is one of the key
issues for digital image correlation (DIC) method. The traditional subset-based DIC method is commonly used, but
the results of subset cross crack calculation are invalid. The improved subset-splitting based DIC method gives low-
accuracy results due to the reduction of the number of pixels in the subset. This study proposes a novel Hermite-
element based local DIC (HELDIC) method. In HELDIC, the region of interest (ROI) is divided into independent
meshes, the data with low precision of element boundary is eliminated by using large block regions of element
envelopes, and then the Hermite element position is adjusted to minimize the amount of data removed. The
improved pointwise least square (PLS) method is used to smooth displacement fields and obtain strain fields, and
finally improves the smoothness and accuracy of strain fields at crack tips. The experimental results show that the
deformation field computed by the proposed method is closer to the crack tip and crack face than that calculated by
the traditional local DIC method, and the strain field mean error under the specific element and subset size conditions
can be reduced by more than 30%, and the HELDIC method is an effective method for the crack tip deformation
field calculation.
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Fig. 2 Calculation for three types of methods. (a) Mesh without crack;

(b) mesh of crack face; (c¢) mesh of crack tip
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Fig. 3 Schematic diagrams of three kinds of smoothing calculation points. (a) Points far from crack;

(b) points near crack face; (c) points near crack tip
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