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A Study on the Deformation Behaviors around Twin Tunnels
Using Scaled Model Tests

Jong-Woo Kim and Ji-Yong Park

Abstract In this study, scaled model tests were performed to investigate the deformation behaviors around twin
tunnels. Eleven types of test models which had respectively different pillar widths, rock types and loading conditions
were mode, where the modelling materials were the mixture of sand, plaster and water. The models with shallower
pillar width were cracked under lower pressure than the models with thicker pillar width, and they showed the
more tunnel convergences and the clear spalling failures. The models of hard rock were cracked under 50% higher
pressure than the models of soft rock and they showed the less tunnel convergences. The failure and deformation
behaviors of twin tunnels were also dependent on the loading conditions of models. Futhermore, the results of FLAC
analysis were qualitatively coincident with the test results.
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Fig. 1. Dimension of tunnel sections

Table 1. Assumed physical properties of rocks

Bulk density Compressive strength
Rock
0K PC | (offer) (kefler)
Soft rock 2.0 700
Hard rock 2.7 1500

Table 2. The scale factors of models

Physical Dimension Scale factors
properties Soft rock | Hard rock
Length [L] 1/200 1/200
Time [T] 1/14.14 1/14.14
Mass M} 1/1.0e7 1/1.35¢7
Density [ ML™3 1/1.25 1/1.69
Strength [ ML 'T™% 1/250 1/338
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Table 3. Modelling materials tested in this study

Mix(proportion by weight)
No. Sa(r‘l)d ?Plaster Y Wati1 Prw
1 170 : 30 : 100 0.30
2 165 : 35 : 100 0.35
3 160 : 40 : 100 0.40
4 155 : 45 : 100 0.45
5 150 : 50 : 100 0.50
6 145 : 55 : 100 0.55
7 140 : 60 : 100 0.60
8 135 : 65 : 100 0.65
9 130 : 70 : 100 0.70
10 125 : 75 : 100 0.75
11 120 : 80 : 100 0.80
12 115 : 85 : 100 0.85
13 110 : 90 : 100 0.90
14 105 : 95 : 100 0.95
15 100 : 100 : 100 1.00

* P/W : weight ratio of plaster to water

Table 4. Physical properties of modelling materials
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water ratio when density is 1.6 gf/cr
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Sand : Plaster ;: Wat f/ ) kgf/
( v Waten) | @) e | (keflon | ket | 8T ©)
Soft rock 150 : 50 : 100 16 2.89 2343 0.62 0.71 28
Hard rock 140 : 60 : 100 16 485 3846 118 1.29 31
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Fig. 4. A view of Model 3 before testing
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Table S. Testing pressures of models with different pillar

widths
' . Crack initiating Final pressure
Model |Pillar width pressure (keffr)
(kef/cr)
i 1.5D 2.7 4.0
2 1.25D 2.6 4.0
3 1.0D 2.6 4.0
4 0.75D 2.5 35
5 0.5D 22 3.5
6 0.25D 22 3.5
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Fig. 5. Experimental results of models with different pillar widths
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Fig. 6. Measuring points of twin tunnels
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Table 6. Testing pressures of models with different rock types
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M

odel Rock type (kef/cr) (ket/crr) Pillar width
1 Soft rock 2.7 4.0
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3 Soft rock 2.6 4.0
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8 Hard rock 38 5.0
5 Soft rock 2.2 35 0.5D
9 Hard rock 35 45 )
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(c) The photograph, displacement vector plot and deformation of Model 11

Fig. 10. Experimental results of models with different loading conditions
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