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A Numerical Study on the Progressive Brittle Failure of Rock Mass
Due to Overstress

Young-Tae Choi, Dae-Hyuck Lee, Hee-Suk Lee, Jin-A Kim, Du-Hwa Lee,
Kwang-Ho You and Yeon-Jun Park

Abstract In rock mass subject to high in-situ stresses, the failure process of rock is dominated by the stress-induced
fractures growing parallel to the excavation boundary. When the ratio of in situ stresses compared to rock strength
is greater than a certain value, progressive brittle failure which is characterized by popping and spalling of rock
debris occurs due to stress concentration. Traditional constitutive model like Mohr-Coulomb usually assurne that
the normal stress dependent frictional strength component and the cohesion strength component are constant,
therefore modelling progressive brittle failure will be very difficult. In this study, a series of numerical analyses
were conducted for surrounding rock mass near crude oil storage cavern using CW-FS model which was knovmn
to be efficient for modelling brittle failure and the results were compared with those of linear Mohr-Coulomb model.
Further analyses were performed by varying plastic shear strain limits on cohesion and internal friction angle to
find the proper values which yield the matching result with the observed faiture in the oil storage caverns. The
obtained results showed that CW-FS model could be a proper method to characterize essential behavior of progressive
brittle failure in competent rock mass .
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Fig. 2. Axial stress-axial strain curve from a bonded disc
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Table 1. Physical properties used in the analysis
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Fig. 9. Plastic strain and displacement rate in the uniaxial compression test
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Fig. 15. Plastic strain and displacement rate in a triaxial compression test
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I 28.0 023 17.3 114 20 48 2700 1.5
III 18.0 0.25 12.0 7.2 18 45 2700 1.3
v 13.5 0.25 9.0 54 16.8 40 2700 1.0
\% 34.0 0.3 2.8 1.3 13 37 2700 0
Table 3. In-situ stresses measured at MCT in the construction site of Yeo-su crude oil storage cavern
GL(m) ov(MPa) on(MPa) ou(MPa) Ku(MPa) Ku(MPa) on(dir) Remarks
-150 5.53 4.5 16.8 0.8 3.1 N58E Overcoring method
Table 4. Case analyses with different conditions of plastic shear strain limits
Cohesion(e,”)
P!astic shear strain limit of ’
0.001 0.002 0.003 0.005 0.007 0.010
0.001 case 1 case 2 case 3 case 4 case 5 case 6
0.002 case 7 case 8 case 9 case 10 case 11 | case 12
Internal friction 0.003 case 13 case 14 case 15 case 16 case 17 case 18
angle(e;”) 0.005 case 19 case 20 case 21 case 22 case 23 case 24
0.007 case 25 case 26 case 27 case 28 case 29 case 30
0.010 case 31 case 32 case 33 case 34 case 35 case 36
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Fig. 18. Plastic zone plot when using Mohr-Coulomb model

Fig. 19. Plastic zone plot when using CW-FS model in case 21
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Fig. 20. Plastic zone plots with different rock conditions in case 21(e,”=0.005, ¢,7=0.003)
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Fig. 21. Plastic zone plots with varying plastic shear strain limit of friction angle(e;"=0.001 7 0.010, €,7=0.005) in rock

class III
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