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1. Introduction 

of Topopah Spring Tuff to investigate the scale dependence of geomechanical 
properties. These tests are the first of a series of tests designed to study 
coupled processes in the near-field environment of a nuclear waste 
repository. This paper presents new deformation and elastic wave velocity 
data. 

We have performed laboratory compression tests on small block samples 

2. Work Description 
A sample of welded tuff measuring 64 cm x 32 cm x 25 cm was loaded in 

uniaxial compression to 5 MPa. Three distinct loading cycles were performed. 
This sample exhibits subparallel vugs in pink and gray densely welded tuff 
and contains multiple fractures and heterogeneities a few tens of cm in size. 
Compressive stress was applied in the direction perpendicular to the plane of 
the vuggy zone. Parameters measured include axial stress, displacement in 
three directions, and travel-time of elastic waves. 

3. Results 
Stress-strain behavior for one of the loading cycles imposed on the block 

is shown in Figure 1. This plot shows that the deformation is nonlinear with 
increasing stress, and modulus increases as vertical stress increases above 2.5 
MPa. The modulus value computed for vertical stress below 1.5 MPa is 1.5 
GPa, and that value increases to 3.3 GPa as applied stress is raised above 2.5 
MPa. These values are considerably lower than modulus values measured 
on core samples and reflect that the block contains vugs and fractures. The 
increase in deformation modulus with increasing vertical stress can be 
attributed to closure of fractures. Moreover, the curve exhibits the banana 
shape that is associated with the hysteretic behavior of fractures. The 
hysteresis shown during the initial stage of unloading is attributed to the 
cohesion of fractures. The plot shows that the cohesion for this zone is 
approximately 0.6 MPa, which is an order of magnitude weaker than values 
often used in numerical models of rock behavior that incorporate discrete 
joints and fractures. As the load continues to decrease the slope of the 
unloading curve decreases gradually. These deformation data provide an 
approximation of total rock mass behavior for welded tuff units that contain 
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fractures and vugs, and guidance for input values used in equivalent 
continuum models of a repository. Stress-strain response for the other two 
loading cycles was similar to that shown in Figure 1. 

Acoustic measurements were made in the plane parallel to the vuggy 
fabric of the welded tuff. Results of velocity measurements through the block 
in one horizontal direction are shown in Figure 2. The measured velocities 
were found to be near 3.6 m m / p  in the central region at the base of the block, 
increasing to about 4.2 to 4.5 mm/ps throughout most of the block, and up to 
4.7 mm/ps near the top of the block, and are in good agreement with other 
velocity measurements on welded tuff. The low velocities found near the 
base of the block correspond to a zone having many large, cracked vugs. The 
dots in Figure 2 show locations of the measurements and are about one 
wavelength wide. The velocity data correspond to a dynamic Young's 
modulus of about 25 to 42 GPa, if a Poisson's ratio of 0.25 and a density of 
2300 kg/m3 are assumed. This is in agreement with static Young's modulus 
measurements determined for core samples, but is expected to be higher than 
static measurements made at this scale. 

4. Conclusions and Discussion 
We have reported new geomechanical data at the 0.5 m scale for Topopah 

Spring tuff that can be used to assess the scale dependence of mechanical 
properties, and indicate that at the 0.5 m scale, vuggy zones behave similar to 
fractures. Moreover, it is important to note that noticeable spalling occurred 
at several locations on the block indicating that subcritical crack growth can 
occur even at very low stresses in this rock when it is subject to cyclic loading. 
This may be relevant for evaluating the effect of seismic events on the 
potential repository over long times. More experiments are needed to 
provide data on the geomechanical behavior at elevated temperature and 
humidity. 
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Figure 1. Stress-strain data for 0.5m scale block of Topopah Spring Tuff. 
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Figure 2. Horizontal compressional wave velocities for small block at 
ambient temperature and pressure. 
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