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Introduction:  Limited data on the compressive 

strength of meteorites exist in the literature.  Previous 
researchers have performed laboratory measurements 
on stony meteorites [1, 2, 3, 4, 5, 6, 7], as well as iron 
meteorites [8, 9].  These studies were mostly designed 
to determine the strength of meteorites with regard to 
understanding the breakup of meteors entering the 
Earth’s atmosphere.  The process of traversing the 
Earth’s atmosphere takes place on the time scale of 
seconds, and the strength under low rate (quasistatic) 
loading conditions is expected to control the failure 
process.  Thus the laboratory measurements performed 
were conducted at quasistatic loading rates.  The only 
measurements performed at high strain rates to date 
were performed on specimens of an iron meteorite [9]. 

For applications where the loading conditions are 
more dynamic (e.g. impact cratering), the quasistatic 
strength may not provide an accurate description of 
material response.  Terrestrial rock specimens often 
exhibit an increased strength when compressed at 
strain rates higher than 102 s-1 [10, 11, 12, 13]. Stony 
meteorites are expected to exhibit similar rate depend-
ence, but no measurements exist. To begin to fill this 
gap in data we have chosen to investigate the compres-
sive strength of the meteorite MacAlpine Hills 88118 
(MAC 88118) at strain rates ranging from 10-3 to 
103 s-1.  

Experimental Method: MAC 88118 has been 
characterized as a L5 chondrite with microstructural 
features consistent with a shock state S1. Cube shaped 
specimens with edge lengths of approximately 5mm 
were cut from larger slabs of the meteorite specimen.  
Specimens were compressed in the direction normal to 
the surface of the parent plate to isolate any effects of 
specimen anisotropy [6]. Loading faces of the speci-
men were polished to ensure that the faces were paral-
lel to within 5 µm across the specimen.  

The quasistatic compression experiments were 
conducted using a MTS servohydraulic uniaxial testing 
machine, while the dynamic compression experiments 
were conducted using a Kolsky (split-Hopkinson) bar 
[10, 14] as shown in Fig. 1.  In all of the experiments 
the specimens were loaded until material failure. For 
all experiments images were recorded in real time to 
capture the evolution of failure in the specimen.  

Experimental Results:  The stress-strain response 
of a specimen subjected to quasistatic compression 
(strain rate 10-3 s-1) is shown in Fig. 2.  Here the 
specimen stress was calculated from the recorded load 
data, and the specimen cross sectional area.  The strain 

was measured with an electrical resistance strain gage 
bonded to the surface of the specimen.  For strains 
below 0.01, the stress–strain curve follows a linear 
trend. The slope of this portion of the data corresponds 
to the Young’s modulus, E, of the meteorite which is 
determined to be 3.2 GPa. For strains greater than 0.01 
we observe a large increase in stress without a corre-
sponding increase in strain.  We interpret this as a fail-
ure of the strain gage.  Here we see that the specimen 
stress increases to a peak value of 50 MPa before 
dropping off to zero. This peak corresponds to the qua-
sistatic compressive strength of the meteorite. 
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Fig. 1. Experimental configuration of the Kolsky bar 
used in the dynamic compression experiments. 
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Fig. 2. Stress–strain response of a specimen 
compressed to failure at a strain rate of 10-3 s-1.  

Similar experiments were conducted at high strain 
rates using the Kolsky bar.  The stress–strain response 
of a specimen compressed at a strain rate of 500 s-1 is 
presented in Fig. 3. Here the specimen stress and strain 
were determined using the methods of Kolsky bar 
analysis for brittle materials [10]. The slope of the lin-
ear region before the peak stress corresponds to a 
Young’s modulus of 8.5 GPa.  Thus a significant in-
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crease (2.6x) in elastic modulus is observed when the 
compressive strain rate is increased from 10-3 to 5x102 
s-1. 

A similar increase in failure strength was also ob-
served; the peak stress measured for the specimen 
compressed at 500 s-1 was 161 MPa.  Multiple experi-
ments were performed in the range of strain rates from 
10-3 to 103 s-1 and the resulting values of compressive 
strength are presented as a function of applied strain 
rate in Fig. 4. For strain rates less than 10-1 s-1 there is 
a slight increase in strength with increasing rate. For 
rates greater than 102 s-1 there is a very steep increase 
in compressive strength with increasing rate.  Similar 
trends have been observed in terrestrial rocks in which 
there exists a transition strain rate, above which sig-
nificant increases in strength are observed with in-
creasing rate [13]. One interesting observation is that 
these meteorite specimens show nearly a four-fold 
increase in strength whereas most terrestrial rock 
specimens typically show a factor-of-two increase in 
strength across a similar range of strain rates [10, 11, 
12].  This may indicate that the transition rate in mete-
orite specimens is an order of magnitude lower than is 
typically observed in Earth rocks.  

0

50

100

150

200

-0.01 0 0.01 0.02 0.03 0.04 0.05 0.06 0.07

Exp. Data
Fit Values

C
o
m

p
re

s
s
iv

e
 S

tr
e
s
s
 (

M
P

a
)

Engineering Strain

E=8.5 GPa

 
Fig. 3. Stress–strain response of a specimen 
compressed to failure at a strain rate of 500 s-1. 

We have performed the first high-rate compression 
experiments on material recovered from a stony mete-
orite. In addition to adding to the existing data sets for 
quasistatic compression strength of meteorite materials 
the results show that significant changes occur in both 
the elastic modulus and failure strength when speci-
mens are compressed at higher strain rates. These rate 
effects may play an important role in determining the 
outcome of processes related to impact events, espe-
cially disruption of/impact cratering on asteroidal bod-
ies. 
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Fig. 4. Rate dependence of compressive strength for 
samples of MAC 88118. The gap in data from 100 to 
101 s-1 is due to limitations of the testing equipment. 
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