
COMPRESSION STRENGTH OF ORDINARY CHONDRITES. 
D. R. Ostrowski1,2, 1Bay Area Environmental Research Institute, Moffett Field, CA, USA, 2NASA Ames Research 

Center, Moffett Field, CA, USA. E-mail: daniel.r.ostrowski@nasa.gov. 
 
Introduction: The physical strength of meteorites affects their ability to survive through atmospheric entry [1]. In 

addition, it is an important property in predicting and understanding the outcome of an impact event. Meteorites are 
some of the strongest natural space materials to survive to planetary surface after removal of weaker material as a 
meteor. Compression test and fireball analysis are two methods to determine the strength of these objects. Fireball 
breakup gives bulk strength estimations of meteors in the range of 1 MPa and weaker, while compression test result 
in meteorite strengths in the range of ten to hundreds of MPa [2,3].  

Samples and Procedure:  Variety of stony meteorites are studied for both their acoustic velocity and compressive 
strength. Meteorite samples are formed into 1.5 cm cubes. Major cracks and large surface voids were avoided to reduce 
zones of weakness, small internal voids and micro fractures cannot be avoided in samples. Acoustic velocity is ob-
tained using an Olympus 45-MG, with the V103-RB transducer to measure longitudinal velocity and the V153-RB 
transducer to measure shear velocity. Velocities are measured across all three axis. Acoustic velocities are used to 
calculate the Young’s (E) and shear (G) moduli of the meteorites. Uniaxial compression test is performed on an Instron 
5985. Displacement and strain fields measured by an ARAMIS 5M, a 3D Digital Image Correlation (DIC), procedure 
similar to Cotto-Figueroa et al. 2016. 

Results: Acoustic velocity has been measured for 25 different ordinary chondrites. From the acoustic velocity of 
meteorite samples before compression the Poisson’s Ratio, Young’s Modulus and Shear Modulus have been deter-
mined. For the compression test samples of Tamdakht has produced a Poisson’s Ratio of 0.258 ±0.004, Young’s 
Modulus of 41.7 ±1.2 GPa, and a Shear Modulus of 16.6 ±0.2 GPa. 

Compression strength of the meteorite Tamdakht is 124.14 MPa. This calculates to an elastic modulus of 19 GPa. 
The fracturing of the Tamdakht sample initiated from a single micro crack on the bottom of the sample. As seen in 
Figure 1, the cracks are parallel to compression direction and leads to splitting on one side. 

Discussion and Conclusion: Compression strength and corresponding elastic modulus of Tamdakht are similar 
to laboratory determined values from previous work [4]. Earlier work of acoustic velocity on Tamdakht and other 
ordinary chondrites [5] have yielded Young’s moduli higher than elastic modulus from compression test. In the case 
of Tamdakht, modulus from acoustic velocity is about double that from compression test. This difference has been 
see with Allende and Tamdakht by other studies [4], where elastic modulus from compression test and sound speed 
are similar. Could be a result that longitudinal velocity appears to be less sensitive to micro cracks than compression. 

Most meteorites are stronger than their bulk body as meteors. The compression strength of meteorites should be 
considered the upper limit for the terms atmospheric entry modeling. Elastic modulus is useful to estimate the com-
pression strength of meteorites. 
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Figure 1: Tamdakht sample post compression failure. Front right location of material failure with noting where fracture 
started. No complete failure throughout the whole sample. 
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