
Engineering Conferences International
ECI Digital Archives
Nanomechanical Testing in Materials Research and
Development V Proceedings

Fall 10-5-2015

Measuring the strength of brittle microscopic
spheres by means of compression tests
Vaclav Pejchal
Laboratory of Mechanical Metallurgy, vaclav.pejchal@epfl.ch

Goran Zagar
EPFL

Marta Fornabaio
EPFL

Raphael Charvet
EPFL

Cyril Denerez
EPFL

See next page for additional authors

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

Part of the Materials Science and Engineering Commons

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.

Recommended Citation
Vaclav Pejchal, Goran Zagar, Marta Fornabaio, Raphael Charvet, Cyril Denerez, and Andreas Mortensen, "Measuring the strength of
brittle microscopic spheres by means of compression tests" 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/108

http://dc.engconfintl.org?utm_source=dc.engconfintl.org%2Fnanomechtest_v%2F108&utm_medium=PDF&utm_campaign=PDFCoverPages
http://dc.engconfintl.org/nanomechtest_v?utm_source=dc.engconfintl.org%2Fnanomechtest_v%2F108&utm_medium=PDF&utm_campaign=PDFCoverPages
http://dc.engconfintl.org/nanomechtest_v?utm_source=dc.engconfintl.org%2Fnanomechtest_v%2F108&utm_medium=PDF&utm_campaign=PDFCoverPages
http://dc.engconfintl.org/proceedings?utm_source=dc.engconfintl.org%2Fnanomechtest_v%2F108&utm_medium=PDF&utm_campaign=PDFCoverPages
http://dc.engconfintl.org/nanomechtest_v?utm_source=dc.engconfintl.org%2Fnanomechtest_v%2F108&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/285?utm_source=dc.engconfintl.org%2Fnanomechtest_v%2F108&utm_medium=PDF&utm_campaign=PDFCoverPages
mailto:franco@bepress.com


Authors
Vaclav Pejchal, Goran Zagar, Marta Fornabaio, Raphael Charvet, Cyril Denerez, and Andreas Mortensen

This abstract is available at ECI Digital Archives: http://dc.engconfintl.org/nanomechtest_v/108

http://dc.engconfintl.org/nanomechtest_v/108?utm_source=dc.engconfintl.org%2Fnanomechtest_v%2F108&utm_medium=PDF&utm_campaign=PDFCoverPages


MEASURING THE STRENGTH OF BRITTLE MICROSCOPIC SPHERES BY MEANS OF        
COMPRESSION TESTS 

 
Václav Pejchal, Laboratory of Mechanical Metallurgy, Institute of Materials, EPFL, Switzerland 

vaclav.pejchal@epfl.ch 
Goran Žagar, Laboratory of Mechanical Metallurgy, Institute of Materials, EPFL, Switzerland 

Marta Fornabaio, Laboratory of Mechanical Metallurgy, Institute of Materials, EPFL, Switzerland 
Raphael Charvet, Laboratory of Mechanical Metallurgy, Institute of Materials, EPFL, Switzerland 
Cyril Dénéréaz, Laboratory of Mechanical Metallurgy, Institute of Materials, EPFL, Switzerland 

Andreas Mortensen, Laboratory of Mechanical Metallurgy, Institute of Materials, EPFL, Switzerland 
 

 
Key Words: Micromechanical testing, Uniaxial compression, Strength, Particles, Fused quartz. 
 
The strength of particles is an important property relevant to many industries; in materials science, a wide range 
of composites and alloys contain small particulate phases, whose microscale strength distribution affects 
strongly the macroscopic properties of the composite or alloy in question. Yet, despite its importance, the 
strength of microscopic particles has remained difficult to measure. The most common method used to measure 
the strength of individual particles is the compression test, conducted by squeezing individual particles between 
two parallel platens. Progress in nano- and micromechanical testing in recent years has enabled to expand the 
application of this method to test hard brittle particles at the microscale. The test is generally realized by using 
hard platens, typically made of diamond; however, in this configuration the compressed particle often fails 
predominantly due to presence of microcracks that develop, as a result of high stress concentration, at the 
contact region between the particle and the platen. Pre-existing intrinsic flaws within the particle or along its 
surface are therefore not probed, such that it is questionable whether the data generated by the test can 
represent the true strength of particle. One solution to avoid the development of the microcracks and to reduce 
the stress concentration at the platen/particle contact is to use elasto-plastic platens, which deform plastically 
during the test where they contact the particle. This allows particle indentation into the platens and with this an 
increase of the contact area over which the compressive load is applied. If the platens are hard enough to 
prevent the particle from completely sinking into the platens, then the tensile stress that develops within the 
particle and/or along its surface can cause failure from pre-existing flaw in regions of the particle that are not in 
direct contact with the platens. In this study we present a particle-crushing testing approach in which elasto-
plastic platens are used. As a testbench particle material we use fused silica microspheres with diameter 
between 20-40 micrometers. We demonstrate the method on a custom-built instrumented crushing apparatus 
designed to work in displacement-controlled mode (i.e., that has a stiff load train), using adaptations of the test 
so as to allow for fractography. Using analytical solutions in combination with extensive FEM analysis of the 
sample as it is compressed by the elasto-plastic platens, we show how this modification of the crushing test can 
be used as a means of measuring the intrinsic strength of brittle microscopic particles, as dictated by the internal 
flaws they might contain. 
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