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ABAQUS User Subroutine Development for Energy Releasing
Rate of the Functionally Graded Plate with Cracks
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Abstract: To obtain the dynamic energy releasing rate of the functionally graded plate with
cracks, a virtual crack closure technique was proposed based on the inhomogeneous finite element
method. A fracture dummy node element of the functionally graded material under dynamic
loading was developed, user-defined subroutines named UMAT and UEL were programmed, and
the component of energy releasing rate for the functionally graded plate caused by dynamic loading
was calculated based on the finite element software ABAQUS platform. For the different shape
factors such as the center-crack and inclined-crack inside the functionally graded plates, the
component of the dynamic energy releasing rate was solved, and then it was transformed into the
dynamic stress intensity factor, which was used for comparing the results calculated by the finite
difference method. The numerical calculating results showed that the dummy node element of the
functionally graded material fracture caused by dynamic loading is characterized by high precision,
simplicity and convenience without using the singular element or special element for the crack tip
and the versatility of its subroutines, which may provide a new approach for the engineers to get
the dynamic fracture parameters.
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Fig. 1 Variation of the volume fraction versus the
non-dimensional thickness z/h
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Fig. 3 Displacement vector for fracture element of
the dummy node
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