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Brittle rock property and damage index assessment for predicting
brittle failure in underground opening

Kang-Hyun Lee, Joon-Ho Bang, Jin-Ha Kim, Sang-He Kim, In-Mo Lee

Abstract Laboratory tests are performed in this paper to investigate the brittle failure characteristics of over-stressed
rocks taken in deep depth. Also, numerical simulation performed using that the so-called CWFS(Cohesion Weakening
Frictional Strengthening) model is known to predict brittle failure phenomenon reasonably well. The most typical rock
types of Korean peninsula - granite and gneiss - were used for testing. Results of uniaxial compression tests showed
that the crack initiation stress was about 41% to 42% of the uniaxial compressive strength regardless of rock types, where
as, the crack damage stress of granite was about 75%, and that of gneiss was about 97%. Through the damage-controlled
test, strength parameters of each rock were obtained as a function of damage degree. After the peak, the crack damage
stress and the maximum stress were decreased, The cohesion was decreased and the friction angle was increased with
increase of rock damage. Before reaching the peak, the elastic modulus was slightly increased, while decreased after the
peak. Poisson's ratio was increased as the damage of rock proceeds. Comparison of uniaxial compression tests and
damage-controlled tests shows the crack initiation stress estimated from the damage-controlled test fluctuated within the
range of crack initiation stress obtained from the uniaxial compression test; the crack damage stress was less than that
estimated from the umiaxial compression test. In order to predict the critical depth that brittle fallure occurs, numerical
simulations using the CWFS model were performed for an example site, Material parameters obtained from the laboratory
tests mentioned above were used for CWFS simulation. Comparison between the critical depth predicted from the numerical
simulation using the CWFS model and that predicted by using the damage index proposed by Martin et al.(1999), showed
that critical depth cannot be reasonably predicted by the currently used damage index except for circular tunnels. A
modified damage index was proposed by the author which takes the shape of tunnels other than circular into account.

Keywords: Underground opening, brittle failure, CWFS, damage-controlled test, damage index
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