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STUDY ON SHEAR STRENGTH OF ROCKS USING THE EXPONENTIAL CRITERION
IN MOHR'’S STRESS SPACE

You Mingging®
(School of Energy Science and Engineeridgnan Polytechnic Universityiaozuo454010 Henan Ching)

Abstract Rocks are natural materials composed of various mineral particles within fissures and pofiesentdizes,

those result in complicate mechanical properties. Strength criteria for rocks in engineering design and disaster preventio
are still an open question. As cohesion and friction in rock do not work simultaneously, the linear Coulomb criterion
proposed in 1773 is only reliable to describe pseudo-triaxial compression strength of cylindrical specimen in a small
range of confining pressure. Many nonlinear criteria are merely empirical formulas but lack of physical background. The
exponential criterion proposed by the author is applicable to fit the relationship between strength and confining pressure
of rocks in shear failure; therefore, the cohesion and friction are analyzed in Mohr’s stress space on the fitting solutions for
eleven rocks. Shear stresses in rock have an upper limit, i.e. the genuine cahediorck; and the internal friction has

a peak of about 0.28, by which intersection of the cohesion and internal friction is. The genuine cohesion is independent
to normal stress, so the nominal cohesion of rock specimen represents the shear fracture area of intact material when ro
specimen reaches its strength. The equivalent friction factor of slipping fissure decreases with the normal stress, so ¢
the climbing angle that depends on ratio of normal stress to the genuine cohesion. Relationship between the equivalet
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friction factor and parameters in the exponential criterion reflects the physical background of shear fracture for rock under

compressive stresses.

Key words rock mechanics, exponential criterion, Mohr’s stress space, physical background, genuine cohesion, internal

friction, equivalent friction factor
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Fig. 1 Fitting curves using the exponential criterion for strengths of four

rocks cited from Refs. [3, 35, 37]
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Fig. 2 Fitting curves using the exponential criterion for strengths of

sandstones cited from Refs. [8, 38, 40-42]
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Fig. 3 Fitting curves using the exponential criterion for scattering

strengths of sandstones cited from Ref. [43]
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Table 1 Test results of conventional triaxial compression and analyses with the exponential strength criterion

Rocks names of test ucy Fitting paran-we-ters and the region of |n|t|a.| Variables at the internal friction peaky=0.5Q.)
data and MPa confining pressure cohesion
references cited Qo/MPa  Qn/MPa Ko CPMPa c'/Co fu/co  p*  1s/co afco a3/Qo
Mizuhd?] 100.0 100.0 316.0 754 ~75.0 0.111 0.376 0.795 0.738 0.742 0.455
Dolomite?3! 262.0 262.0 701.7 6.15 ~125.0 0.144 0.364 0.754 0.744 0.778 0.408
Marbld3®! 15.9 34.3 113.8 8.66 1.£7.6 0.099 0.378 0.838 0.735 0.703 0.437
Halitel37] 23.0 23.0 96.0 8.38 28.0 0.080 0.388 0.791 0.732 0.747 0.630
Vosage skl 33.5*% 30.1 115.3 6.91 0%0.0 0.096 0.383 0.735 0.729 0.797 0.648
Dunn. S&! 29.7 29.7 94.5 527 +60.0 0.132 0.369 0.662 0.735 0.880 0.623
Jinping sgal 61.6 83.4 270.2 549 1.Z0.0 0.127 0.371 0.674 0.735 0.865 0.618
Bunt S$*1 60.0 77.9 297.0 459 580.0 0.119 0.374 0.581 0.727 0.995 0.937
Potts. S&2 62.1 90.3 391.0 855 6:%2.1 0.077 0.388 0.796 0.729 0.740 0.648
Coarse S&3 37.2.67.7 52.7 236.0 9.03 ©051.7 0.072 0.389 0.814 0.726 0.721 0.645
68.0 237.0 8.40 upper 0.095 0.381 0.817 0.736 0.723 0.485
Darley Dale 74.0-83.2 80.2 328.0 757 052.8 0.086 0.386 0.759 0.729 0.774 0.661
sg43l 95.0 331.0 7.26  upper 0.103 0.379 0.766 0.733 0.766 0.542

* Strength at confining pressure of 0.5 MPa. Test data are cited from Ref. [39], to which the author of Ref. [38] provided in personal communication.
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