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Dependency of Tangential Friction Angle and Cohesion of Non-linear Failure
Criteria on the Intermediate Principal Stress

Youn-Kyou Lee*, Byung-Hee Choi

Abstract Although Mohr-Coulomb failure criterion has limitations in that it is a linear criterion and the effect of
the intermediate principal stress on failure is ignored, this criterion has been widely accepted in rock mechanics
design. In order to overcome these shortcomings, the Hoek-Brown failure criterion was introduced and recently
a number of 3-D failure criteria incorporating the effect of the intermediate principal stress on failure have been
proposed. However, in many rock mechanics designs, the possible failure of rock mass is still evaluated based
on Mohr-Coulomb criterion and most of practitioners are accustomed to understanding the strength of rock mass
in terms of the internal friction angle and cohesion. Therefore, if the equivalent Mohr-Coulomb strength parameters
of the advanced failure criteria are calculated, it is possible to take advantage of the advanced failure criteria in
the framework of the Mohr-Coulomb criterion. In this study, a method expressing the tangential Mohr-Coulomb
strength parameters in terms of the stress invariant is proposed and it is applied to the generalized Hoek-Brown
criterion and the HB-WW criterion. In addition, a new approach describing the geometric meaning of the o,
-dependency of failure criteria in 3-D principal stress space is proposed. Implementation examples of the proposed
method show that the influence of the intermediate principal stress on the tangential friction angle and cohesion
of the HB-WW criterion is considerable, which is not the case for the 2-D failure criterion.

Key words Generalized Hoek-Brown failure criterion, Tangential friction angle, Tangential cohesion, HB-WW failure criterion
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Fig. 1. Tangential M-C surface to a non-linear failure surface
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Table 1. Tangential M-C parameters of the generalized Hoek-Brown (G-H-B) criterion for rock mass with properties, GSI =

20, o, =80.0 MPa, m, =10.0 and D =0.0.
g3 02 g1 ¢ 0 Pansp i G Pyc
(MPa) (MPa) (MPa) (MPa) ©) (MPa) ©) (MPa) (MPa)
5.00 5.00 18.13 16.24 0.00 10.72 24.56 1.93 10.72
5.00 6.00 18.13 16.82 3.92 10.34 24.56 1.93 10.34
5.00 7.00 18.13 17.40 8.12 10.01 24.56 1.93 10.01
5.00 8.00 18.13 17.97 12.59 9.73 24.56 1.93 9.73
5.00 9.00 18.13 18.55 17.28 9.52 24.56 1.93 9.52
5.00 10.00 18.13 19.13 22.16 9.37 24.56 1.93 9.37
5.00 11.00 18.13 19.71 27.15 9.30 24.56 1.93 9.30
5.00 12.00 18.13 20.28 32.18 9.29 24.56 1.93 9.29
5.00 13.00 18.13 20.86 37.19 9.36 24.56 1.93 9.36
5.00 14.00 18.13 21.44 42.08 9.50 24.56 1.93 9.50
5.00 15.00 18.13 22.02 46.80 9.70 24.56 1.93 9.70
5.00 16.00 18.13 22.59 51.30 9.97 24.56 1.93 9.97
5.00 17.00 18.13 23.17 55.54 10.29 24.56 1.93 10.29
5.00 18.00 18.13 23.75 59.50 10.67 24.56 1.93 10.67
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Table 2. Tangential M-C parameters of the HB-WW criterion for rock mass with properties, m, =10.0, o, =80.0 MPa,

5=1.0 (o, =20.0 MPa)

T3 Ty Bt ¢ 0 Pupww & G
(MPa) (MPa) (MPa) (MPa) ©) (MPa) © (MPa)
20.00 20.00 169.67 121.05 0.00 122.20 34.89 25.10
20.00 30.00 182.67 134.33 3.14 128.93 35.71 27.32
20.00 40.00 190.50 144.63 6.16 131.81 36.45 28.25
20.00 50.00 195.83 153.48 9.18 133.02 37.01 28.75
20.00 60.00 199.50 161.37 12.25 133.27 37.43 29.02
20.00 70.00 201.89 168.53 15.43 132.89 37.73 29.15
20.00 80.00 203.20 175.06 18.74 132.09 37.93 29.16
20.00 90.00 203.54 181.02 22.20 130.99 38.04 29.08
20.00 100.00 202.95 186.46 25.86 129.71 38.05 28.91
20.00 110.00 201.45 191.37 29.73 128.31 37.97 28.66
20.00 120.00 199.03 195.74 33.87 126.88 37.80 28.34
20.00 130.00 195.62 199.55 38.30 125.50 37.52 27.92
20.00 140.00 191.15 202.73 43.08 124.24 37.12 27.41
20.00 150.00 185.45 205.22 48.26 123.19 36.58 26.79
20.00 160.00 178.31 206.87 53.93 122.47 35.84 26.02
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Fig. 7. Tangential M-C surface to the non-linear failure
surface HB-WW
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