
Microscale Characterization of 
Plastic Deformation at the Crack Tip   

Helena Jina, Wei-Yang Lua, Sandip Haldara, Hugh A Brucka

aMechanics of Materials
Sandia National Laboratories, Livermore, CA 94551

bMechanical Engineering Department 
University of Maryland, College Park, MD 20740

hjin@sandia.gov

Sandia National Laboratories is a multi-program laboratory managed and operated by Sandia Corporation, a 
wholly owned subsidiary of Lockheed Martin Corporation, for the U.S. Department of Energy's National Nuclear 
Security Administration under contract DE-AC04-94AL85000.

SAND2011-1280C

mailto:hjin@sandia.gov


Mechanism-based cohesive modeling of 
ductile fracture were developed
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Cohesive Zone Modeling and Mapping
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Research Approach: Combine SEM imaging with DIC technique to study 
ductile fracture behavior 



Fracture Test Inside SEM 
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Principle of Digital Image Correlation (DIC)

• An optical method to measure displacement and strain
• Tracks the gray scale patterns during deformation
• Full-field, non-contact

An example from Correlated Solutions:
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Pre-crack and Sample Preparation

Compact tension sample set up for precracking

 Pre-crack is along the longitudinal 
(extrusion) direction

 Surface is polished up to 3m finish 
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Microscale Pattern Generation for DIC

2000 mesh grid from Ted Pella:
Pitch 12.5µm
Hole Width 7.5µm Key: Assure uniform flat contact between the 

grid and specimen surface.
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SEM Imaging of the Sputtered Pattern
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SEI is more sensitive to the surface topography than BEI

BEI gives more contrast based on the atomic number

Brightness and contrast is adjusted to acquire SEM images with best even 
distribution in the intensity histogram



In-Situ SEM Imaging of Fracture Specimens
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A series of BEI images at the selected loading steps as marked in the left figure
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Local Deformation at the Crack Tip 
during Loading
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Grain map overlap with BEI

Microanalysis at the Crack Tip
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Grain Orientation Mapping Pattern Quality Map
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Effects of Microstructure on the Strain 
Localization at the Crack Tip
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• A new method combining SEM imaging with DIC was successfully 
applied to study microscale plastic deformations at the crack tip 
during fracture testing of Al specimens.

• The BEI mode was able to acquire consistent images which are 
suitable for the DIC technique during three-point bending 
fracture testing.

• The local grain maps obtained from EBSD were carefully 
overlayed onto the strain fields.

• There is a mixture of effects in the fracture process zone at the 
crack tip where the weaker aspects of the grain boundary 
controls the growth of the crack and the more ductile aspects of 
the grains dissipate the energy.

Conclusions
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