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Stability Analysis of Rock Pillar in the Diverging Area
of Road Tunnel

Jae-Gi Kang, Hyung-Sik Yang*, Sun-Jong Jang

Abstract In this study, the behavior of rock pillar in the diverging area of road tunnel was assessed by using a
three dimensional numerical analysis. Based on parameters affecting the behavior of rock pillar, different safety
factors according to pillar width, depth and rock conditions were evaluated. It turned out that as the 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 the diverging area of road tunnel was suggested.
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W,: tunnel width(m), W, pillar width(m), o, vertical stress at wall, o, average vertical stress

Fig. 1. Stress distribution at pillar between circular parallel tunnels
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(a) flow lines with 3 piers

(b) average vertical stress with irregular pillar

Fig. 2. Concept of tributary theory

H>D, P,=vyxXDX

H<D, P,=vyxXHX
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D: tunnel width(m)

H: overburden(m)

B: width of redistributed stress(m)
P: pillar width(m)

P,_: redistributed stress

T

Fig. 3. Stresses at pillar of near parallel tunnels
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Table 1. Input data for physical characteristics of rock mass

Input Unit weight Cohesion Internal friction Modulus . R .

Class (kKN/m’) (kPa) angle (%) (MPa) Poisson’s ratio
Class I 27.0 4,000 45 25,000 0.21
Class II 26.0 2,000 42 15,000 0.22
Class III 25.0 1,000 38 7,000 0.25
Class IV 24.0 500 34 2,000 0.29
Class V 21.0 150 31 500 0.30

Table 2. 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
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Fig. 6. Sections of tunnel branch and pillars at different distances
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Fig. 7. Calculation zones of rock pillar of the tunnel branch and SF at the zones
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Fig. 8. Trend of SF change at rock pillar of tunnel branch
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Table 3. Minimum separation for rock pillar of tunnel branch

Rock class
Overburden Safety factor olass 2 olass 3 olass 4
D 1.0 0.151 0.186 0.226
1.5 0.193 0.277 0.422
1D 1.0 0.165 0.216 0.276
1.5 0.229 0.357 0.588
5D 1.0 0.198 0.267 0.354
1.5 0.309 0.520 0.926
%€ separation: pillar width (PW)/tunnel width (D), D: tunnel width (= 9.0 m)
Table 4. Minimum separation for rock pillar at portal of tunnel
Rock class
Overburden Safety factor olass 2 olass 3 olass 4
2D 1.0 0.041 0.049 0.063
1.5 0.075 0.106 0.166
1D 1.0 0.049 0.062 0.084
1.5 0.113 0.174 0.292
sD 1.0 0.067 0.088 0.122
1.5 0.238 0.399 0.715

% separation: pillar width (PW)/tunnel width (D), D: tunnel width (= 9.0 m)
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Fig. 9. Safety diagram for rock pillar at tunnel branch
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Fig. 10. Trend of SF change at rock pillar of near parallel
tunnel portal
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