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An Assessment of Rock Pillar Stability in Tunnel Asymmetric Diverging
Area using the Mohr—Coulomb Failure Theory
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ABSTRACT

This study assessed the behavior of rock pillar in tunnel asymmetric diverging area by using a three dimensional numerical
analysis. The stability of pillar is very important for the ensure the stability of the tunnel asymmetric diverging area. Based
on parameters affecting the behavior of rock pillar, this study evaluated different safety factors according to pillar width,
depth and rock conditions. It turned out that as the rock pillar width increases, the change curve of safety factors in
accordance with depth and rock conditions shows more of the nonlinear behavior. By the assessment of the minimum safety
factor, a safety factor chart on the behavior of rock pillar in tunnel asymmetric diverging area was suggested.
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(a) Flow lines with 3 piers
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(b) Average vertical stress with irregular pillar

Fig. 1. Concept of tributary theory (Hoek and Brown, 1980)
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D: Tunnel width(m), H: Overburden(m)
B: Width of redistributed stress(m)
P: Pillar width(m), P.: Redistributed stress

Fig. 2. Stresses at pillar of near parallel tunnels (Matsuda et al., 1997)
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D;: Stress distance to failure envelope, di: Failure margin

Fig. 3. Concept of failure proximity by Mohr—Coulomb failure
criteria
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Fig. 4. Strength/stress ratio at pillar
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Table 2. Input data for physical characteristics of rock mass

Input Unit weight Cohesion Internal friction Modulus Poisson's ratio RVR
Class (kN/m?) (kPa) angle (2) (MPa) (v)
Class | 27.0 4,000 45 25,000 0.21 81 0|4
Class Il 26.0 2,000 42 15,000 0.22 80 ~ 61
Class I 250 1,000 38 7,000 0.25 60 ~ 41
Class IV 24.0 500 34 2,000 0.29 40 ~ 21
Class V 21.0 150 31 500 0.30 20 0|5t
Table 3. Boundary conditions for numerical analysis
Boundary Displacement condition Support
sides x direction = fixed z direction = free roller
bottom x direction = free z direction = fixed roller
bottom corners x direction = fixed z direction = fixed hinge
— 0.1D, 0.20, 0.3D, 0.5D G
i \\ // ‘ \

(a) Plan view

(b) Front view

Fig. 5. Sections of tunnel branch and pillars at different distances
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Fig. 6. Calculation zones of rock pillar of the tunnel branch (o) Rock mass class 2

and FS at the zones Fig. 7. Trend of FS change at rock pillar of tunnel branch
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Fig. 7. Trend of FS change at rock pillar of tunnel branch
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class 1 class 2 class 3 class 4 class 5

1.0 0.054 0.057 0.066 0.082 0.097

0 15 0.078 0.086 0.106 0,147 0.193

. 1.0 0.058 0.064 0.079 0.106 0.138

15 0.098 0.114 0.155 0.240 0.361

D 1.0 0.084 0.096 0.124 0.180 0.266

15 0.166 0.204 0.302 0.532 0.928

separation: pillar width (PW) / tunnel width(D), D: tunnel width (=11.5m)
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Fig. 8. Safety diagram for rock pillar at tunnel branch
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