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A Case Study on the Design and Construction
of a 2-arch Tunnel with Varying Section

Jae-Jin Choi, Yeon-Jun Park*, Si-Keun Kim, Jae-Hyun Park

Abstract This paper describes the design and construction of a 2-arch tunnel with varying section. This new design
has advantages of 2-arch tunnels, which is rather expensive, but is still economically competitive compared to parallel
tunnels. Economic analysis was also conducted. To secure the stability of the varying section tunnel, excavated
part was reinforced by tie-bolts and RRS, and 2-arch part was supported by EPS blocks and concrete walls. Stability
of the pillar was theoretically analyzed and also examined by numerical simulations for various widths. Displacement
monitoring was conducted and results were compared with numerical results. Economic analysis showed reductions
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in construction cost and period by 11% and 10 months respectively.
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Table 1. Estimated rock parameters based on Hoek & Brown failure criterion
GSI D a s o.. (MPa) q, (MPa)
45 0.8 0.508 0.001 30 2.649

Table 2. Factors of safety calculated for various pillar widths based on equations by Peck and Matsuda

Pillar width (D=11.5 m) by Peck method by Matsuda method
0.25D 0.98 1.10
0.30D 1.13 1.32
0.35D 1.26 1.54
0.40D 1.39 1.77
0.50D 1.63 2.21
1.00D 2.44 4.41
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Table 3. Physical properties of the rock mass used in the analysis

Rock class Unit weight Cohesion Internal friction Deformation Poisson's
(kN/m3) (kPa) angle (°) modulus (GPa) ratio
I 27 3,280 46 17.1 0.18
I 26 1,900 44 12.3 0.21
11 25 420 40 6.0 0.24
v 23 210 35 2.0 0.26
A% 21 100 34 0.8 0.29
Table 4. Physical properties of shotcrete used in the analysis
Shoterete Deformation Thickness 2nd moment | Maximum tensile | Residual tensile Compressive
modulus (GPa) (m) of area (m") strength (MPa) strength (MPa) | strength (MPa)
Soft 5.0 4
0.12 1.44x10° 3.0 3.0 17.0
Hard 15.0
Table 5. Physical properties of rock bolt used in the analysis
Diameter Deformation Tensile strength Area Grout shear Grout bond
(mm) modulus (GPa) (kN) (mz) stiffness (MN/m/m) strength (kN/m)
25 210 118.2 3.3x10-4 8,388.7 358
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Table 6. Summary of strength/stress ratio for various pillar Widths

Pillar width Strength (o) Maximum principal Minimum principal Strength/
(D=11.5 m) (MPa) stress (o,) (MPa) stress (o) (MPa) stress ratio
0.25D 3.18 2.87 0.55 1.11
0.30D 3.26 2.52 0.57 1.29
0.35D 3.44 2.28 0.62 1.51
0.40D 3.51 2.10 0.64 1.67
0.50D 3.66 1.84 0.68 1.99
1.00D 422 1.33 0.83 3.18
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Pillar width Strength (o) Maximum principal Minimum principal Strength/
(W) (MPa) stress (o,) (MPa) stress (o) (MPa) stress ratio
0.32D 4.11 2.85 0.80 1.61
0.35D 4.03 2.78 0.78 1.63
0.40D 4.81 3.26 0.99 1.68
0.50D 5.47 3.32 1.17 2.00
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Table 8. Comparison of displacements in tunnels: measured vs. numerical analysis

Position Pil%ar width Measured (mm) Numerical analysis (mm)
(ID=11.5 m) Crown Side wall Crown Side wall
@ 5.352 m (0.47D) 3.00 1.00 1.75 0.67
) 4.379 m (0.38D) 3.00 3.00 2.54 0.74
©) 3.833 m (0.33D) 1.00 2.00 2.54 0.83
@ 2.920 m (0.25D) 4.00 3.00 227 0.86
® 2.463 m (0.21D) 4.00 3.00 2.50 0.87
® 2.463 m (0.21D) 4.00 3.00 2.63 0.82
@ 2.920 m (0.25D) 4.00 3.00 2.46 0.85
® 3.833 m (0.33D) 3.00 3.00 2.66 0.82
©) 4.379 m (0.38D) 3.00 4.00 2.63 0.71
© 5.352 m (0.47D) 1.00 3.00 2.09 0.60
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Table 9. An estimation of construction period by construction work types
Work types Primary design Current design
2-arch (L=316 m) Parallel tunnel (L=298.4 m) | 2-arch tunnel (L=18 m)
Pithead 60days 30days 30days
Pilot Excavation 120days - 15days
tunnel Wall 140days - 20days
Main tunnel Upper 105days 60days -
excavation Lower 53days 25days -
Water proof 20days 20days
Abut 8days 8days
Concrete lining 90days 95days
Total 596days 303days (reduction 293days)
Table 10. Estimated reduction in cost (unit: million Won)
Work types Primary design Current design Effect of reduction
Excavation & muck hauling 1,741 1,819 78(A)
Shotcrete & lattice girder 1,322 881 -441(V)
Con'c wall 387 74 -313(V¥)
Rock bolt 720 454 -266(¥)
Pipe roof 93 115 22(A)
Concrete lining 623 699 76(L)
Water proof & drainage 566 623 57(A)
Abut 18 29 11(A)
Portal & ETC 1,750 1,711 39(V)
Total 7,220 6,405 -815(V¥)
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