Engineering Conferences International

ECI Digital Archives

Nanomechanical Testing in Materials Research and
Development V

Fall 10-9-2015

Cracking in brittle materials during
nanoindentation: New insights gained from
cohesive zone finite element modeling

George Pharr

University of Tennessee

Follow this and additional works at: http://dc.engconfintl.org/nanomechtest v

b Part of the Materials Science and Engineering Commons

Recommended Citation

Proceedings

George Pharr, "Cracking in brittle materials during nanoindentation: New insights gained from cohesive zone finite element modeling”
in "Nanomechanical Testing in Materials Research and Development V", Dr. Marc Legros, CEMES-CNRS, France Eds, ECI

Symposium Series, (2015). http://dc.engconfintl.org/nanomechtest_v/55

This Abstract is brought to you for free and open access by the Proceedings at ECI Digital Archives. It has been accepted for inclusion in

Nanomechanical Testing in Materials Research and Development V by an authorized administrator of ECI Digital Archives. For more information,

please contact franco@bepress.com.


http://dc.engconfintl.org?utm_source=dc.engconfintl.org%2Fnanomechtest_v%2F55&utm_medium=PDF&utm_campaign=PDFCoverPages
http://dc.engconfintl.org/nanomechtest_v?utm_source=dc.engconfintl.org%2Fnanomechtest_v%2F55&utm_medium=PDF&utm_campaign=PDFCoverPages
http://dc.engconfintl.org/nanomechtest_v?utm_source=dc.engconfintl.org%2Fnanomechtest_v%2F55&utm_medium=PDF&utm_campaign=PDFCoverPages
http://dc.engconfintl.org/proceedings?utm_source=dc.engconfintl.org%2Fnanomechtest_v%2F55&utm_medium=PDF&utm_campaign=PDFCoverPages
http://dc.engconfintl.org/nanomechtest_v?utm_source=dc.engconfintl.org%2Fnanomechtest_v%2F55&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/285?utm_source=dc.engconfintl.org%2Fnanomechtest_v%2F55&utm_medium=PDF&utm_campaign=PDFCoverPages
mailto:franco@bepress.com

Cracking during nanoindentation of brittle solids with sharp pyramidal indenters like the
Vickers and Berkovich has been modeled and systematically examined using cohesive
zone finite element simulations. Although the initial stages of crack initiation cannot be
adequately captured by these techniques, the cracks that form eventually evolve into long-
crack geometries that behave much like those observed in experiment, provided the crack
length is approximately ten times greater than the cohesive zone size. Once this is achieved,
the simulations accurately describe how cracks grow and change during loading and
unloading and how the sequence of cracking events depends on material parameters like
the elastic-modulus-to-hardness ratio and the fracture toughness. The modeling provides
important new insights into indentation cracking such as the realm of material behavior
over which the classic Lawn, Evans, and Marshall method for measuring fracture
toughness from indentation crack lengths can be expected to work, as well as a predicted
changeover in cracking geometry from radial-median dominated to Palmqvist surface
cracking as the modulus-to-hardness ratio increases. Salient results are presented and
compared to experimental behavior.
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