
On the Role of Defects in the Dynamic Failure 

of an Ordinary Chondrite
J.D. Hogan1*, J. Kimberley2, K. Hazeli1, J. Plescia3 and K.T. Ramesh1

1Hopkins Extreme Materials Institute, The Johns Hopkins University, Baltimore, Maryland 21218
2Dept. of Mechanical Engineering, New Mexico Institute of Mining and Technology, Socorro, NM 87801 

3Applied Physics Laboratory, The Johns Hopkins University, Laurel, Maryland 20723 

7
Summary and Implications

We have developed the capabilities to study brittle fragmentation of 

planetary materials. In compression, we showed the existence of two 

fragmentation mechanisms:

1. Regime I: A fragmentation mechanism that leads to smaller fragments, 

where the sizes are related to the spacing between a critically activated 

defect (i.e., iron-nickel grains). This mechanisms is microstructure-

dependent and becomes more dominant as the rate is increased.

2. Regime II: This mechanism leads to larger-sized fragments, where 

these sizes are indicative of the structural failure of the sample. We 

have developed a model describing the average fragment size in this 

regime, and this model compares well with our experimental results.

The models linking the microstructure and compressive brittle 

fragmentation will have implications for predicting regolith formation on the 

moon, where current models all over-estimate the average fragment size. 

On-going work is needed to implement the model into a numerical code.
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6 Compressive Fragmentation Theory

Fig. Comparison of experiments with models.

Objectives

• Identify dynamic compressive failure mechanisms in GRO 85209

• Identify key defects contributing to the failure

• Understand the role of composition on fragmentation mechanisms

• Develop strain rate-dependent brittle fragmentation model (tension)

• Develop framework for comparing model with compression experiments 

• Discuss implications for regolith formation on airless bodies
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Regolith Formation Mechanisms

An improved understanding of the relationships between the 

microstructure and the mechanisms that are activated during failure of 

planetary materials will provide insight into, for example, the processes 

that govern regolith formation on the Moon [1] and airless bodies [2]. 

This study is a part of a broader investigation into the competition 

between mechanical-driven failure of planetary materials [3] and 

thermal-fatigue-driven failure [4]. In this study we focus on the 

mechanical failure of an stony meteorite (L6 chondrite), GRO 85209.

Setup and Methods

Fig . Uniaxial compression experiments are performed at strain rates of 10-3 s-1 (MTS 

machine) and 10+3s-1 (Kolsky bar). A Kolsky bar setup is shown above.

Fig . (a) Optical microscope image of fragments and (b) monochrome image with size, 

area and perimeter labeled for each fragment.
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Fig. Lunar Surface

Microstructural Defects and Failure

Fig. Optical microscope images of: (a) GRO 85209 microstructure with iron-nickel grains 

(white) labeled in a predominantly pyroxene matrix. (b) Internal fracture features inside of 

GRO 85209 fragment showing fracture commonly intersecting iron-nickel grains. This 

suggests that these defect are important contributors to fracture.

Fig. (a) Probability plot of iron-nickel grain size (s) and (b) areal defect density (η:#/m2) 

for defects larger than the corresponding size on the x-axis. Both values are important 

inputs for numerical models describing brittle fracture [6].

Fig. Stress-time history (left) with time-resolved high-speed video images (right). Arrows 

are used to denote sites for fracture initiation. Often fracture sites are bright, and 

fractures are observed to grow from these sites at later times. Crack grow slightly off-

horizontal (4 through 8) due to plasticity and pore collapse mechanisms in GRO 85209.

4

Fragmentation

Fig. Cumulative distributions of fragment sizes for quasi-static (dashed red) and dynamic 

(solid red) strain rates, and the spacing between iron-nickel grains (black). It appears that 

the offset of the spacing distribution corresponds to the inflection in the size distributions.
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