






 
Figure 3. Wrapped v-field fringes and fringe masks showing stable and consistent crack 

tip behavior during A loading at maximum load (upper) and minimum load (lower). 
 

 
Figure 4. Fringe masks showing further growth of a previously pinned crack tip at mean 

load during M loading.  
 

For AM loading, the behavior is even more unstable with the typical observation of 
unsymmetrical and non-consistent transformation zones as shown in Figure 5. Figure 6 
shows another transformed zone during AM loading. 
 



 

 
Figure 5. V-field of loading (top) and unloading (bottom) with transformation (AM 

Loading) 
 

 
Figure 6.  Initiating the crack at a high Kmax (top) and growing the crack at a decreased 

Kmax (bottom) clearly showing the wake effect and the residual in the v-fields. 
 
 
Pinning and bifurcations from interruptions in testing are clearly visible in the post crack 
zone. This pinning phenomenon is mostly due to transformation/temperature coupling 
and potential due to microstructural obstacles. Size effects can be resolved in the different 
test protocols with the transformation zone size being relative to notch and crack sizes. 
For short cracks, the notch-tip fields control the transformation zone size, whereas for 
long cracks, the crack tip fields control the transformation zone size. 
 
Crack initiation and growth in Nitinol is far more complex than traditional engineering 
materials. Heterogeneous phase transformations and localizations result in a far more 
complex stress and strain state at the tip of the crack that are not described by the typical 
LEFM or even EPFM crack tip fields. Crack path tortuousity, deflection, and pinning of 



the crack due to the transformation response depend significantly on the mean loading 
and illustrate the load history and dependence on the response of crack initiation and 
growth in Nitinol. This behavior is complicated by the thermal sensitivity and 
transformation temperature coupling effects which make the stress-strain response highly 
rate dependant and dynamic with cyclic loading. 
 
This complex behavior makes the identification of useable material limit data difficult 
and traditional threshold crack growth rates can not be directly applied, especially to 
medical devices. 
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