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In a remarkable series of experiments, Elssner et al. (1994) and Korn et al. (2002) 
observed cleavage cracking along a bimaterial interface between Nb and sapphire.  The stress 
required for cleavage cracking is around the theoretical strength of the material.  Classical 
plasticity models fall short to reach such a high stress level.  We use the conventional theory of 
mechanism-based strain gradient plasticity (Huang et al., 2004) to investigate the stress field 
around the tip of an interface crack between Nb and sapphire.  The tensile stress at a distance of 
0.1µm to the interface crack tip reaches 13.3σY, where σY  is the yield stress of Nb.  This stress is 
nearly 4 times of that predicted by classical plasticity theory (3.6σY) at the same distance to the 
crack tip, and is high enough to trigger cleavage cracking in materials and interfaces.  This is 
consistent with Elssner et al.’s (1994) and Korn et al.’s (2002) experimental observations. 
 
References 
Elssner, G., Korn, D., and Ruehle, M. (1994).  The influence of interface impurities on fracture 

energy of UHV diffusion bonded metal-ceramic bicrystals.  Scripta Metall. Mater., v. 31, pp. 
1037-1042. 

Huang, Y., Qu, S., Hwang, K.C., Li, M., and Gao, H. (2004).  A conventional theory of 
mechanism-based strain gradient plasticity.  Int. J. Plasticity, v. 20, pp 753-782. 

Korn, D., Elssner, G., Cannon, R.M., and Rühle, M. (2002).  Fracture properties of interfacially 
doped Nb-Al2O3 bicrystals: I, fracture characteristics.  Acta Mater., v. 50, pp. 3881-3901. 

 
 
 


