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Relationship between Tangential Cohesion and Friction Angle
Implied in the Generalized Hoek-Brown Failure Criterion

Youn-Kyou Lee*

Abstract The generalized Hoek-Brown (H-B) function provides a unique failure condition for a jointed rock mass,
in which the strength parameters of rock mass are deduced from the intact values by use of the GSI value. Since
it is actually the only failure criterion which accounts for the rock mass conditions in a systematic manner, the
generalized H-B criterion finds many applications to the various rock engineering projects. Its nonlinear character,
however, limits more active usage of this criterion. Accordingly, many attempts have been made to understand
the generalized H-B condition in the framework of the M-C function. This study presents the closed-form expression
relating the tangential cohesion to the tangential friction angle, which is derived by the non-dimensional stress
transformation of the generalized H-B criterion. By use of the derived equation, it is investigated how the relationship
between the tangential cohesion and friction angle of the generalized H-B criterion varies with the quality of rock
masses. When only the variation of GSI value is considered, it is found that the tangential friction angle decreases
with the increase of GSI, while the tangential cohesion increases with GSI value.
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Fig. 1. Generalized H-B criterion in the non-dimensional
stress space
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Table 1. Verification of ¢, — ¢; relationship for a generalized H-B rock with o, =90 MPa, m, =10, GS/=100 and D= 0.0

Shear strength and tangential M-C strength parameters (Lee, 2014) cohesion by Eq. (13)

o (MPa) 7 (MPa) #; (") c; (MPa) c; (MPa)
-8.0 3.334 67.948 23.083 23.083
32.0 48.974 39.693 22.413 22.413
72.0 78.135 33.136 31.135 31.135
112.0 102.267 29.314 39.381 39.381
152.0 123.469 26.667 47.131 47.131
192.0 142.661 24.674 54.458 54.458
232.0 160.350 23.094 61.425 61.425
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Table 2. Values of tangential M-C parameters giving the identical uniaxial compression strength for both the M-C and

generalized H-B criterion (D=0.0)

= 10.0 m; = 20.0 m,; =30.0

GSI
¢ (") alo. ¢; (") alo. ) alo.
20 64.177 0.115 71.342 0.082 74.653 0.067
40 62.412 0.123 70.005 0.088 73.534 0.072
60 57.771 0.144 66.424 0.104 70.521 0.086
80 52.000 0.172 61.816 0.126 66.593 0.104
100 45.585 0.204 56.443 0.151 61.928 0.125

20 30 40 50 60 70 80 90
Tangential friction angle, ¢;(°)

Fig. 2. Tangential cohesion — friction angle relationships for
different rock conditions (m;=10.0)
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