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Fig.1 Observations of hard rock pillars brittle failure
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Fig. 3 V-shaped notches of Mine-by test tunnel and numerical results based on traditional constitutive models™ '”!: (a) Damage

profile of Mine-by test tunnel; (b) Elastic perfectly-plastic model; (c¢) Elastic brittle model
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Fig. 4 Numerical results based on m=0 & s=0.11 method:

(a) Extent of damage zone; (b) Contour map of g=¢,—03—0.330,
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Fig. 9 Modeling strategy and numerical simulation model: (a) Modeling strategy; (b) Simulation model
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Fig. 12 Failure modes of hard rock pillars under different unloading rates: (a) 0—9500; (b) 100—400; (c) 500—3250; (d) 1000—2000;

(e) 2000—2337; (f) 3000—-3261
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Fig. 16 Numerical model and simulation results of uniaxial compression of pillar
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Wen-hui. Equivalent plastic parameters optimization

Modelling brittle failure of hard rock pillars based on DISL method

LIU Jian"2, ZHAO Guo-yan®, HU Jing-yun'

(1. State Key Laboratory of Safety Technology of Metal Mines, Changsha Institute of Mining Research Co., Ltd.,
Changsha 410012, China;
2. School of Resources and Safety Engineering, Central South University, Changsha 410083, China)

Abstract: Brittle failure with slabbing and spalling as a dominant failure mode of surrounding rock is a typical failure
phenomenon in deep hard rock masses due to excavation activity. On the basis of brief introduction and comparison of
four different approaches for modelling failure of brittle hard rock masses, the numerical tests of in-situ compression and
uniaxial compression of hard rock pillars were carried out by means of FLAC®® based on the DISL method. The
applicability of the DISL method was discussed and the brittle failure processes and characteristics of hard rock pillars
were further explored. The results show that, in the in-situ compressive simulation, when the total unloading step is
greater than a critical value, V-shaped failure occurs on both sides of the pillar, and the pillar forms an hourglass shape as
a whole. Under different homogeneity indices, the yield elements are mainly distributed in and around V-shaped failure
area and their distribution range is controlled by low confining pressure zone and tension zone. The V-shaped shear band
is dominated by tension-shear failure and accompanied by tension failure elements in the inner part close to the pillar side
wall. In the uniaxial compressive simulation, V-shaped failure still occurs on both sides of pillar in post-peak stage and
the range of tension fracture is limited by shear band.

Key words: hard rock pillars; brittle failure; numerical simulation; DISL method; failure modes; strength characteristics
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