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89557-0138. 

Introduction. 
Characterization of the bulk tensile and shear strengths of large rock masses presents a significant 

challenge to practicing geological engineers in the design and monitoring of large surficial and underground 
projects. This is because the tensile and shear strengths of small laboratory rock samples usually are not 
reliable indicators of the strengths of rocks having dimensions exceeding -1 m [1,2] since the features in 
natural rock masses that influence or control the bulk strength are commonly absent in the small test 
samples. The distinction between sample strength and bulk rock-mass strength is important to planetary 
geophysicists because the use of sample strength parameters may significantly underestimute the extent and 
magnitude of brittle failure predicted in their tectonic models. 

Tensile strengths. 
Tensile failure (jointing) results when the applied stress exceeds the local or bulk tensile strength of the 

rock mass, which is the aggregate material composed of both the intact rock and any associated 
discontinuities such as joints, faults, and bedding planes [e.g., 21. Typical tensile strengths of small rock 
samples range from 3 MPa for Gosford sandstone to 40 MPa for Frederick diabase [3, p. 1901. These 
values tend to overestimate the tensile strength of large chunks of rock for several reasons: 

(a) Time. Because cracks can propagate stably at much smaller stresses than are needed to cause 
dynamic, catastrophic crack growth [4], the long-term strength To of a rock mass is probably less 
than the tensile strengths measured in the laboratory for small intact samples loaded at relatively high 
strain rates. The concept of a weaker long-term rock strength is utilized in geotechnical rock mass 
classification systems [5] even though measurements of the relevant parameters such as long-term 
tensile strength apparently are not available in the literature. 

(b) Fracturing. Discontinuities in a rock mass, such as bedding planes, joint sets, and lithologic contacts, 
commonly can influence or even control the bulk tensile strength of a rock mass. For example, Hoek 
and Brown [6] have shown that the tensile strength of intact andesite, 14 MPa, is reduced to 0.19 
MPa for closely jointed small samples. In the limiting case of pervasively fractured rock 
(corresponding to Byerlee's law discussed below), To = 0 [6]. 

(c) &&. In addition, the bulk tensile strength of a rock mass larger than several to tens of meters in size 
and containing fractures may be as much as an order of magnitude less than the strengths of small 
laboratory samples [1, p. 90-911. Tanaka and Golornbek [7] qualitatively attempted to take the scale 
dependence into account for Martian rocks. 

As a result of these effects, the long-term, bulk tensile strength of a rock mass can be signijicantly less than 
the tensile strength of a small intact sample of the same rock type. 

Shear strengths. 
Faulting can occur when the shear stress resolved on some planar surface exceeds the frictional 

resistance on the surface. The fi-ictional strength of surfaces in small laboratory rock samples is 
characterized by values of cohesion Co and maximum static friction coefficient ps [8], SO that frictional 
sliding occurs when 

in which zis the resolved shear stress and a, is the resolved normal stress on the surface (Figure 3). Note 
that both cohesion and normal stress are negative when using the tension-positive sign convention adopted 
here, so that the right-hand side of (8) is negative. 

The bulk shear strength of a rock mass is not adequately characterized by either the rupture strength of 
an intact rock sample rtfully intact") or thefiction parameters for a single sawcut suflace in a small rock 
sample ("pervasively fractured" or "sliding line"). This well-known result [9] arises because the conditions 
of intact or sawcut rock samples that are tested in the labortatory do not replicate those of natural rock 
masses. 
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(a) Cohesion of intact rock samples. Values of cohesion of small, intact rock samples typically range 
from -8.0 to -14.9 MPa for sandstone and -66.2 MPa for basalt [I, p. 831). The use of these large 
values of cohesion in a Mohr (shear) failure envelope, in conjunction with theoretical tectonic models, 
will overestimate the stress required for faulting to occur in a rock mass, and thus underestimute the 
magnitude and extent of faulting in the model. 

(b) Cohesion of sawcut rock samples. Typical values of cohesion for sawcut surfaces in laboratory 
samples are -0.28 MPa for sandstone and -0.38 MPa for gabbro [3, p. 601). According to Byerlee's 
law, cohesion is zero, but this extreme value is inappropriate for most crustal rocks (see Schultz, 
companion abstract, this volume). A relatively small but nonzero value of cohesion (ICol < 0.5 MPa) 
is probably appropriate to use as an approximation to the bulk cohesion of a kilometer-sized rock 
mass [9,6] comprised of jointed lava flows, impact crater breccias, and other lithologies inferred for 
the shallow subsurface of Mars, the Moon, or Venus. For example, an ongoing assessment of slope 
stability in Barrick's open pit gold mine in eastern Nevada suggests values of cohesion for large (> 10 
m across) discontinuously fractured rock masses of -0.17 to -0.24 MPa for weakly altered, thin- 
bedded silty clay to -0.24 to -0.57 MPa for more competent granodiorite (R. Sharon, Barrick 
Goldstrike Mines, Inc., personal communication, 1991). Note that these values of cohesion are -2 
orders of magnitude less than the value of cohesion for the intact (unjointed!) basalt quoted above. 

Conclusions. 
In view of the inconsistencies that can emerge from idealizing shallow lithospheric rocks as either fully 

intact or pervasively fractured, the response of shallow lithosphere to stress apparently lies between these 
two extreme cases [e.g., 61. The failure criteria used in planetary tectonic models to predict faulting should 
incorporate strength parameters that attempt to represent the long-term strength of discontinuously fractured 
lithospheric rock. One such study is that of Angelier [lo], who concluded that inversion of fault orientation 
data for paleostress tensors in complexly faulted regions such as that near Hoover Dam, Nevada, must 
incorporate the strength parameters for the rock mass. 
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