Discussion paper # 4

Evert Hoek

Estimates of rock mass strength
and deformation modulus

In the preliminary stages of a rock engineering design the need for
approximate estimates of rock mass strength and deformation
modulus frequently arises. Several authors have published
empirical estimates of these properties, based on rock mass
classification systems. These estimates, together with available
data from in situ measurements, are summarized in Figures 1 and
3. Hoek et al (2002) and Barton (2000) have extended these
empirical relationships to allow for different intact rock strength
values and for disturbance due to blast damage and stress
relaxation. These extended relationships are summarized in
Figures 2 and 4. All of these relationships are intended to provide
initial estimates of the rock mass properties and they should be
used with caution in engineering design. In critical cases it is
strongly recommended that the estimates should be confirmed by
in situ measurements or by back analysis of excavation behaviour.
The use of RMR values of less than 20 and Q values of less than
0.01 for making these estimates is not recommended because of
the dominant role of RQD in these classifications and the
difficulty of determining its value for very poor quality rock
masses. It is recommended that only directly determined values of
RMR, Q and GSI should be used for making these estimates and
that equations relating these classifications should not be used.
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Figure 1: Estimates of the ratio of rock mass strength to the strength of small laboratory
samples based upon rock mass classifications.
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Figure 2: Rock mass strength predictions by Hoek at al, 2002, and Barton, 2000
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Figure 3: Deformation modulus field measurements and empirical estimates.
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Figure 4: Estimates of rock mass deformation modulus by Hoek, Carranza-Torres and
Corkum, 2002 and by Barton, 2000, for different values of the intact rock strength o
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' This paper together with the Windows program RocLab can be downloaded from www.rocscience.com.




