Engineering Properties of Granular Materials Under Very Low Effective Stresses

By

Stein Sture1, Khalid Alshibli2, Susan Batiste3, Mark Lankton3, Jill Parisi1,3
1 Dept. of Civil, Environmental, & Architectural Engineering, Univ. of Colorado at Boulder

2 Dept. of Civil & Environmental Engineering, Louisiana State University & Southern University

3 Laboratory for Atmospheric & Space Physics (LASP), University of Colorado at Boulder

Abstract: 

Constitutive properties of granular materials, used to characterize soils and regoliths for engineering and construction purposes, have been shown to be highly dependent on confining pressure at low stress levels. The reduced-gravity environments of the Moon and Mars will result in low stress levels to a greater depth than seen on the Earth, thus having a greater effect on constitutive properties. A comprehensive characterization of strength properties of granular materials under very low effective stresses was performed through a series of drained and undrained quasi-static and cyclic triaxial experiments conducted on loose and dense specimens of subangular quartz sand known as F-75 Ottawa sand.The specimens were contained within very thin and flexible latex membranes, and had diameter of 75 mm and 150 mm long. Three sets of experiments under a combination of drained and undrained conditions were conducted under microgravity conditions aboard the NASA Space Shuttle (STS-79, 1996; STS-89, 1998; and STS-107, 2003). In the case of the drained experiments, the effective confinement pressures were held constant throughout the experiments, in the range of 0.05 to 1.30 kPa, which in the case of the undrained experiments these same effective stress levels comprised the initial states.  The initial relative densities of the specimens were in the range of 10% to 85%. In the drained experiments peak friction angles as high as 72 +/- 2 degrees were observed, together with dilatancy angles in the range of 30 +/- 1 degrees.  Constant-volume friction angles of 34 +/- 1 degrees were recorded at relatively high strain levels in  the drained experiments. Transitions from a stable solid to a viscous liquid state (liquefaction) occurred in several undrained experiments at very low initial density states, however, in several cases dilative behavior was observed at very low effective stresses as well as low initial relative densities (20-30%).  For several of the specimens extensive computed tomography records were obtained, which show complex patterns of shear band formation, which usually emerged at levels of 2-3% axial strain after peak strength had been reached.  The presentation will focus on observations, data, and modeling results. In addition, implications for engineering on the lunar and Martian surfaces will be discussed. 

