FRACTURE ANALYSIS BASED ON A STRAIN GRADIENT PLASTICITY THEORY
WITHOUT THE HIGHER-ORDER STRESS

S.Qu’, Y. Huang’, A. Beaudoin®, K. C. Hwang®, M. Li', and C. Liu*

“Department of Mechanical and Industrial Engineering, University of Illinois, Urbana, IL 61801

squ@uiuc.edu, (217) 244-4799

*Department of Engineering Mechanics, Tsinghua University, Beijing 100084, China
'Alcoa Technical Center, Alcoa Center, PA 15069

*Materials Science and Technology Division, Los Alamos National Laboratory, Los Alamos, NM 87545

In a remarkable series of experiments, Elssner et al [1] observed cleavage fracture in ductile materials, a
phenomenon that cannot be explained by classical plasticity theories. In this paper we present the fracture
analysis using a dislocation-based strain gradient plasticity theory that does not involve the higher-order stress.
It is established that, at a distance much larger than the dislocation spacing such that continuum plasticity is
applicable, the stress level in the dislocation-based strain gradient plasticity is significantly higher than that in
classical plasticity near the crack tip. The numerical results also show that the crack tip stress singularity is
higher than the HRR field, and it exceeds or equals to the square-root singularity. This study provides a means
to explain the observed cleavage fracture in ductile materials.
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