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ABSTRACT

When evaluating pillar stability in very closely spaced tunnels, a local safety factor (strength/
stress ratio) at the minimum width has been widely used. Tension bolts have been frequently
applied as reinforcement for the cases where safety factors are less than 1.0 from FEM stress
analysis. However, the local safety factor shows a constant value irrespective of the change in
pillar width/tunnel diameter (PW/D) and the safety factor of the pillar is underestimated because
the variation of deviation stress is relatively small even when the pre-stressing is applied to the
tension bolt. In addition, the average safety factor proposed by Hoek and Brown(1980) was
reviewed, but the pillar safety factor was relatively overestimated when the width of the pillar
was increased. As an alternative, the SRM safety factor using shear strength reduction
method shows the effect of changing the safety factor in the case of no reinforcement and
tension bolt reinforcement as the pillar width/tunnel diameter(PW/D) changes. The failure
shape is also similar to the previous limit theory result. In this study, the safety factor was
evaluated without considering rock bolt and shotcrete to distinguish reinforcing effect of
tension bolt.

Keywords: Closely spaced tunnel, Pillar width/tunnel diameter (PW/D), Pillar safety factor,
Tension bolt, Strength reduction method(SRM)
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Fig. 1. Strength/stress curve ; (a) Strength and stress curve of pillar (from Kim et al., 2012), (b) strength/stress ratio and principle
stress distribution of pillar (from Hoek and Brown, 1980)
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Fig. 2. The example of FEM analysis for an evaluation of the pillar stability in OO project (Korea Expressway Corporation, 2017) ;
(a) FEM modeling, (b) principle stress on a pillar without pre-stressing, (c) principle stress on a pillar with pre-stressing

Table 1. The strength/stress ratio from a FEM analysis of a pillar (Korea Expressway Corporation, 2017)

Left of Pillar Center of Pillar Right of Pillar
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(PS.) ol 03 olf / ol 03 olf / ol 03 olf /
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0.0 1,178 207 1,177 0.83 944 438 1,899 2.89 1,421 182 1,099 0.74 N.G

147.0 1,439 403 1,789 1.34 919 571 2,314 5.01 1,489 324 1,542 1.05 OK.
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Fig. 3. Modeling condition ; (a) tunnel layout and analysis cases, (b) FEM mesh design (PW = 0.2D)
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Fig. 4. Distribution of safety factor (1.0 < F.S.<1.2); (a) PW=0.2D, (b) PW =0.2D (P.S. = 150 kN), (c) PW =0.3D, (d) PW =0.3D
(P.S. =150 kN), (e) PW =0.5D, (f) PW =0.5D (P.S. = 150 kN), (g) PW = 0.75D, (h) PW =0.75D (P.S. = 150 kN)
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Table 2. Safety factor without pillar reinforcement

PW=0.1D PW=0.2D PW=0.3D PW=0.4D PW=0.5D PW=0.75D
local F.S. Failure 1.01 1.02 1.02 1.01 1.01
average F.S. Failure 1.06 1.07 1.26 1.27 1.28
SRME.S. 0.91 1.07 1.09 1.14 1.19 1.30

Table 3. Safety factor with pillar reinforcement (P.S. = 150 kN, 5EA)

PW=0.1D PW=0.2D PW=0.3D PW=0.4D PW=0.5D PW=0.75D
local F.S. Failure 1.03 1.05 1.04 1.06 1.10
average F.S. Failure 1.03 1.04 1.13 1.20 1.72
SRMF.S. 1.05 1.18 1.21 1.26 1.31 1.42
1.90 1.90
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Fig. 5. Safety factor ; (a) Without Reinforcement, (b) With Reinforcement (Pre-stressing 150kN, 5EA)
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