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Assessment of minimum pillar width and reinforcement of parallel tunnel using
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ABSTRACT: Nationally, tunnel and underground constructions are necessary for the environmental sustainability and the
efficient use of land space. For the importance of eco-friendly circumstances, 2-arch or large road tunnel has been designed
so far. However, such a 2-arch or large tunnel has problems in terms of cost, constructability, construction period, and
maintenance. Therefore, in this study, tunnel behavior and stability of rock pillar according to the pillar width and cover
depth for parallel tunnels are investigated by performing FE analysis and using empirical formula. According to the results,
Rock pillar is reinforced for distributed vertical load by Tie-Bolt due to unpredicted ground deformation, and the reinforced
rock pillar’s behaviour from the FE analysis shows a quite good agreement with field measurement. According to ground
conditions, if the pillar width of the parallel tunnels is reduced, it can be more efficient in use of the tunnel space compared
to previous tunnels.
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Fig. 2. Standard sectional plan

Table 1. Input parameters of ground

Fig. 3. Flowchart for pillar width

Parameters Slickensides Normal Soft rock (shast?ef;egoczl(()ne) Weathered rock

Rock mass rating TYPE- | TYPE-II TYPE-III TYPE-IV TYPE-V
Unit weight (kN/m’) 26.5 26.0 25.0 24.0 20.0
Cohesion (kPa) 5,000 2,500 1,000 600 40
Friction angle ( °) 45 40 38 36 35
Elastic modulus (MPa) 25,000 15,000 6,300 3,700 500
Poisson ratio (v) 0.20 0.22 0.24 0.27 0.30
K 0.5 ~20
Table 2. Input parameters of tunnel

Soft Shotcrete Hard Shotcrete (SR];;; BDo21t5) (S]E?S,B](SI;Z)
Unit weight (kN/m’) 24 24 78.5 78.5
Area (m?) - - 5.067xE-4 7.942%E-4
Elastic modulus (MPa) 5,000 15,000 210,000 210,000
Yield strength (MPa) - - 350 350
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Table 4. Comparison of reinforced and non-reinforced tunnel pillar
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Fig. 5. Numerical analysis modeling and result (K=0.5)
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Table 5. Strength/stress ratio result

com;}rjenscs(i)\rllfr:t:fen oth Slope Axial stress intensity Verticall)lsltlje:sssuesi{c()ﬁ?tal o Strength./
(0m) (K) (01) (01) (a%) stress ratio
K=0.5 4.099 4.200 4.481 1.779 0.091 2.52
K=1.0 4.099 4.200 4.632 1.809 0.127 2.56
K=1.5 4.099 4.200 4.746 1.874 0.154 2.53
K=2.0 4.099 4.200 4.877 1.961 0.185 2.49
Table 6. Result of crown and convergence (Non-reinforced)
Crown displacement (mm) Convergence (mm)
Precedence Follow Precedence Pillar Follow
tunnel tunnel tunnel center tunnel
@ ® @ ©) @ @ ®
K=0.5 -1.567 -1.792 0.315 0.352 0.414 0.492 0.376
K=1.0 -1.538 -1.710 0.505 0.539 0.598 0.680 0.476
K=1.5 -1.481 -1.592 0.697 0.729 0.785 0.875 0.582
K=2.0 -1.497 -1.511 0.890 0.907 0.963 1.061 0.687
Table 7. Tunnel crown and convergence displacement for K values
Crown displacement Convergence
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Fig. 6. Numerical analysis modeling and result (K=0.5)

Table 8. Strength/stress ratio result

Pillar stress (MPa)
com ?:;;?:fllﬁn h Slope Axial stress intensity - - Strength/
! gt () (01r) Vertical stress | Horizontal stress i wiit
( o m) ( (0} 1) ( (0) 3)
K=0.5 4.099 4.200 4.393 1.4574 0.0701 3.01
K=1.0 4.099 4.200 4442 1.5095 0.0818 2.94
K=1.5 4.099 4.200 4.595 1.5320 0.1182 3.00
K=2.0 4.099 4.200 4.723 1.5662 0.1486 3.02
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Table 9. Result of crown and convergence (Reinforced with Tie-Bolt)

Crown displacement (mm) Convergence (mm)
Precedence Follow Precedence Pillar Follow
tunnel tunnel tunnel center tunnel
@ ® @ ©) @ @ ®
K=0.5 -1.592 -1.832 0.390 0.329 0.402 0.489 0.38
K=1.0 -1.595 -1.717 0.676 0.482 0.584 0.679 0.48
K=1.5 -1.543 -1.604 0.961 0.596 0.770 0.871 0.585
K=2.0 -1.547 -1.527 1.230 0.712 0.952 1.06 0.68
Table 10. Tendency of tunnel crown and convergence displacement for K values
Crown displacement Convergence
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