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Abstract—The mechanical properties of various components of the Chelyabinsk meteorite are studied.
A measurement technique allowing one to obtain a strength certificate of the material by a minimum neces-
sary number of samples with allowance for defectiveness is developed. Universal expressions for the chon-
dritic component and impact melting have been obtained. The expressions allow one to make general esti-
mates of the strength boundaries for LL type meteorites.
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INTRODUCTION

The mechanical properties of meteorites are
among key parameters for a justified interpretation of
data about the structure of asteroid surfaces and cre-
ation of engineering models of their internal structure.
Determination of meteorite strength is important for
studying processes of meteoroid destruction in the
atmosphere, for remote investigations of asteroids by
use of spacecraft, and for problems of countermea-
sures against asteroid danger, as well as for long-term
tasks of developing resources on the Moon and on
asteroids. Currently, there are only a few works
devoted to measurements of the mechanical properties
of meteorites. For about 100 meteorites (ordinary
chondrites), data are available on the seismic wave
velocities, density, and porosity; the elasticity moduli
(about 30 meteorites), tensile and compressive
strength limits, and thermal expansion coefficients
have been studied less [1].

Earlier, it was shown that stresses appearing during
the deceleration of a meteoroid body in the atmo-
sphere are significantly less than the fracture strength
limits of meteorites of different types [2]. Therefore,
the destruction of meteoroids (at least, stone and
iron–stone ones) in the atmosphere is determined in
many aspects by the preatmospheric fracturing and
internal macroscopic structure of meteoroid bodies.
Most meteorites are breccias. The S3 impact stage
corresponding to the impact pressure in the interval of
10–15 GPa is most wide-spread among meteorites. Its
action manifests itself in the formation of fracturing,
isolated veinlets of sulfide and silicate melts, and
breaks of the optical continuity of mineral grains [3].

Investigations by the authors of [4] have shown a
decrease in the compression strength in samples with
dimensions of more than 40 mm or, on the contrary,
less than 15 mm along one of the sides. Apparently,
with a decrease in the sample size, more mechanical
interconnected defects (fractures, etc.) go to the exter-
nal surface of the sample and, correspondingly,
destruction occurs along them. As for a large sample,
at equal volumetric density of intergrain breaks, the
probability of the appearance of macrofractures is
higher. For example, a sample of Tsarev chondrite
with a size of 1 cm was broken under compression of
46 MPa, while a sample with a size of 10 cm was frac-
tured at 26 MPa. In Slyuta’s works, the inhomoge-
neous distribution of the compression strength values
in the SaU 001 and Tsarev meteorites was shown; the
variations amounted to about 30%. According to these
data, the compression strength limit correlates with
the velocity of P-waves. It is assumed that variations in
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