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Integration-point reformulation of an adiabatic shear band
initiation criterion
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Abstract: In the critical shear strain'criterion for adiabatic shear band (ASB) initiation, shear strain is measured
from the deformation of a griddmarked on the specimen surface. Because this strain variable is difficult to use
directly in finite-element integeation-point calculations, an integration-point reformulation method for the ASB
initiation criterion was,proposed.*The maximum plastic shear strain was constructed based on Mohr’s circle
for strain and the J2 ‘associated flow rule. Unlike the maximum shear strain calculated from total strain, this
variable excludedhe elastic contribution and retained the accumulated history of plastic shear deformation. Its
increment wds/used to weight the stress-state history of each integration point only in the calculation of the
critical shear strain. This weighting assigned greater influence to stress states associated with larger increments
of plastic shear strain. An integration point meets the ASB initiation condition when the ratio of the maximum
plastic shear strain to the weighted critical shear strain is not less than unity. The procedure was implemented
in LS-DYNA through a user-defined material subroutine. After single-element verification, shear-compression

specimens with different notch angles were used to compare potential initiation sites with experimental
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observations and to examine the spatial and temporal evolution of the criterion-ratio fields. The results showed
that the potential ASB initiation site generally shifted from the middle of the notched region toward a notch tip
as the notch angle increased, consistent with the overall trend observed experimentally. Compared with the
instantaneous and arithmetic-mean schemes, the increment-weighted scheme reduced the influence of early
stress-state fluctuations on the critical shear strain and produced a more concentrated region with high criterion-
ratio values. The potential initiation sites and the orientations of the regions with high criterion-ratio values
remained generally consistent across different mesh sizes. The integration-point reformulation enables the
critical shear strain variable derived from experimental measurements to be calculated directly at finite-element
integration points and provides a numerical approach for identifying potential ASB initiation sites under
complex loading.

Keywords: adiabatic shear band; initiation criterion; integration-point reformulation; critical shear strdin;Stress state
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Table 1 Parameters of the critical shear-strain criterion
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Fig.6 Time histories of the ASB initiation criterion ratio and its component variables in SCSs with different notch angles
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Appendix Table.A1 Material parameters used in Usermat

E/GPa v G/GPa K/GPa p/kgmm?) C/(J-kg!K') TwK To/K B

110.0 0.342 40.98 116.03 4.43X10° 526.3 1877.0 293.0 0.583
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