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Influence of Pillar Width on the Stability of Twin Tunnels
Using Scaled Model Tests

Jong-Woo Kim*

Abstract Scaled model tests were performed to investigate the influence of pillar width, rock strength and
isotropy/anisotropy on the stability of twin tunnels. Test models had respectively different pillar widths, uniaxial
compressive strengths of modelling materials and model types, where both the deformation behaviors around tunnels
and the biaxial pressure data at a time of pillar cracking were analysed. The cracking pressures of the higher strength
models were higher than the lower strength models, whereas the percentage of cracking pressure to uniaxial
compressive strength of modelling materials showed an opposite tendency. The cracking pressures of the shallower
pillar width models were lower than the thicker models, moreover the percentage of that showed a same tendency.
It has been found that the pillar width was one of the main factors influencing on the stability of twin tunnels.
Model types such as isotropy/anisotropy also influenced on the stability of twin tunnels. The anisotropic models
showed lower values of both cracking pressures and the percentage of that than the isotropic models, where the
pillar cracks of anisotropic models were generated with regard to the pre-existing joint planes.
Key words Scaled model test, Twin tunnel, Stability, Pillar width, Cracking pressure
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Fig. 1. Definition of distance between twin tunnels
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Reinforced by Tension Bolts Reinforced by Grouting

Apply the Additional Confining Stress, AG

(b) Grouting

(a) Tension bolt

Fig. 2. Typical pillar reinforcement methods (Baek et al.,

2009)
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Fig. 3. Load acting on pillar between twin tunnels
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Table 1. Manufacturing process of two kinds of test models

Type Manufacturing process
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Table 2. Details of test models considered in this study
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Tunnel size Tunnel shape Model shape in case of Kinds of | Loading
Type Group 0.5D model . . ... | References
(DxH, mm) (mm) pillar width| condition
(mm)
480x480 0.25D,
45 .
0.75D Kim and
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Pl | Iar
width
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(a) initial state

(b) 216 kPa

(c) 304 kPa (d) 343 kPa

Fig. 6. Deformation behaviors of model No. A2 in biaxial loading condition

Table 3. Experimental results of the isotropic models

. Sectional area 1 . 2)
Group Loa(.hflg of twin tunnels ues Model No. | Pillar width Cracking pressure™ | Average pressure
condition ) (kPa) (kPa) (kPa)
(mm’)
Al 0.25D 216, 216 216
A2 0.5D 216, 216 216
A3 0.75D 245, 245 245
A K=1 4528 284
A4 1.0D 255, 255 255
A5 1.25D 255, 255 255
A6 1.5D 265, 265 265
Bl 0.5D 343, 343 343
B K=1 4528 476 B2 1.0D 373, 373 373
B3 1.5D 383, 383 383
Cl 0.5D 250, 375 313
C2 0.9D 290, 435 363
C K=1.5 5342 650
C3 1.1D 300, 450 375
C4 1.5D 320, 480 400

1) UCS means uniaxial compressive strength of modelling material
2) 1st and 2nd values indicate vertical and horizontal pressures, respectively
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Fig. 7. Cracking pressures of isotropic models
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Fig. 8. Deformation behaviors of model No. El in biaxial loading condition (Values indicate vertical and horizontal pressures,

respectively)
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Table 4. Experimental results of the anisotropic models
Group Loa('ii.ng osfe:\:?: atlurilrrlf:lis ucs” Model No. | Pillar width Cracking p ressure” Average pressure
condition (mm?) (kPa) (kPa) (kPa)
D1 0.5D 220, 330 275
D K=1.5 5152 605 D2 1.0D 240, 360 300
D3 1.5D 250, 375 313
El 0.5D 170, 340 255
E K=2.0 4484 600 E2 1.0D 190, 380 285
E3 1.57D 210, 420 315

1) UCS means uniaxial compressive strength of modelling material
2) 1st and 2nd values indicate vertical and horizontal pressures, respectively
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Fig. 9. Cracking pressures of anisotropic models
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Fig. 10. Variation of cracking pressures with pillar widths
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Table 5. Percentage of cracking pressure to UCS in five
different model groups

Group Model Pillar Percentage of cracking
(UCS) No. width pressure to UCS (%)
Al 0.25D 76
A2 0.5D 76
A A3 0.75D 86
(284) A4 1.0D 90
A5 1.25D 90
A6 1.5D 93
Bl 0.5D 72
B
(476) B2 1.0D 78
B3 1.5D 80
Cl 0.5D 48
C C2 0.9D 56
(650 c3 1.1ID 58
C4 1.5D 62
D1 0.5D 45
b D2 1.0D 50
(605) ;
D3 1.5D 52
El 0.5D 43
E
(600) E2 1.0D 48
E3 1.57D 53
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Fig. 11. Percentage of cracking pressures to UCS vs. UCS
of modelling materials
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