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The Deep Underground Science and Engineering Laboratory (DUSEL) requires the excavation of very deep large underground cavities. Such excavation poses a significant engineering challenge due to the unprecedented combination of high stresses and large size. A phenomenon that is of great interest to rock mechanics is that of stress-induced damage in brittle materials. As the applied stresses on a rock are changed, damage is caused by the creation of new cracks in the intact rock, initiation of new cracks from pre-existing fractures, or slip along pre-existing discontinuities. Ultimately coalescence of pre-existing and/or newly created cracks may induce failure in the rock mass. Development of geophysical methods for detecting and characterizing induced damage phenomena at DUSEL would be of great significance to the safety and operation of the underground laboratory, as well as for other societal interactions with the subsurface. What is proposed is a combination of experiments in the laboratory and at DUSEL.

The objectives of the experiments are: (1) to determine the fracturing mechanisms associated with frictional fractures in brittle materials; (2) to determine the seismic attributes needs to characterize, geometrically and mechanically, fracturing mechanisms; and (3) upscale laboratory experiments to the scale of DUSEL.

The laboratory experiments will consist of loading in compression rock specimens with pre-existing discontinuities. Two sets of tests are envisioned. In the first set slip will be induced along pre-existing discontinuities by subjecting the specimens to shear loading. In the second set, new cracks will be initiated, both tensile and shear, from pre-existing discontinuities in rock specimens subjected to compression. Active monitoring will be performed using both visual inspection and geophysical methods. Prior to loading geophysical sensors will be placed on the specimens to monitor compression and shear-wave transmission. Geophysical methods have the potential, if linked with the mechanics of the phenomenon, to provide information regarding the type of crack, open or closed, location and extent of the crack, engineering properties such as stiffness, and potentially can be used to detect precursors to crack initiation and propagation.

The laboratory experiments are necessary to link the mechanics of fracturing with the seismic wave response. Observations from the laboratory are upscaled to DUSEL by conducting at Homestake large-scale experiments. At the DUSEL, the rock damage produced by stress changes will be monitored with geophysical transducers. The damage will be induced during excavation of the large caverns, or by large-scale loading tests at selected locations (e.g. excavation of additional drifts), both in intact rock (without discontinuities) and at locations with pre-existing joints. The objective of the experiments is to locate and characterize the new fractures formed from an engineering perspective, which includes the type of fracture, tensile or shear, size and stiffness, open or closed, presence of water filling the fracture. Determination of the optimum location and number of sensors, as well as development of the framework to interpret the measurements will be based on the laboratory experiments. The link between mechanics and geophysics at DUSEL will be done by direct observations through excavation and borings. 











































