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Scale Model Studies for Stability Estimation of Twin Tunnels
with Small Clearance

Pyoung Gi Kim, Jong Woo Kim*

Abstract In this study, scaled model tests were performed to investigate the stability of twin tunnels with small
clearance, where the pillar widths were 0.5D and 0.25D, respectively. The tunnels were supposed to be constructed
in anisotropic weathered rocks with 30° inclined bedding planes, and the model tests were conducted under the
condition of lateral pressure ratio, 1. Six types of test models which had respectively different pillar widths and
support conditions were experimented, where crack initiating pressures, maximum pressures, failure modes of pillar
and deformation behaviors around tunnels were investigated. The models with wider pillar were cracked under higher
pressure than the models with shallower pillar. The models with lining support were cracked under higher pressure
and showed less tunnel convergence than the unsupported models. The models with both lining and pillar
reinforcement were proved to be most stable among the tested models. In particular, as the model of 0.25D pillar
width with only lining support showed shear failure of pillar according to the existing bedding planes, so both
lining and pillar reinforcement were thought to be indispensable in that case of tunnel.
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Fig. 1. Dimension of tunnel section (Unit:mm)
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Table 1. The scale factors of models
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Table 2. Comparison of six different models

Physical properties Dimension Scale factors Model No. Pillar width Support condition
Length [L] 1/42.6 1 0.5D"
Unsupported
Time [T] 1/6.5 2 0.25D
Mass M] 1/116151 3 0.5D o
- 3 Lining only
Density [ML™] 1/1.5 4 0.25D
Strength [ML'T?] 1/64 5 0.5D Lining and pillar
6 0.25D reinforcement

\\

(a) Model No.l

(d) Model No.2

:

(c) Model No.3 (d) Model No.4

:

(e) Model No.5 (f) Model No.6

Fig. 2. Dimensions of six different models
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Table 3. Dimensions of twin tunnels showing different pillar widths and support conditions

Support condition Pillar width, 0.5D

Pillar width, 0.25D

Unsupported

61 30.5 61

(a) Model No.l1

61

61 156.3 61
(b) Model No.2

Lining only

_Lining

i

61

(c) Model No.3

(d) Model No.4

Reinforced
pillar

Lining and pillar o

reinforcement

Reinforced .
pillar Z=%

(e) Model No.5

Table 4. Results of uniaxial compressive tests when density

is 1.4 g/cm3
Weight ratio(S:P:W)" P/W UCS?(MPa)
160 : 40 : 100 0.40 0.13
155 : 45 : 100 0.45 0.17
150 : 50 : 100 0.50 0.20
145 : 55 : 100 0.55 0.27
140 : 60 : 100 0.60 0.38
135 : 65 : 100 0.65 0.47
130 : 70 : 100 0.70 0.59
125 : 75 : 100 0.75 0.66
120 : 80 : 100 0.80 0.76
115 : 85 : 100 0.85 0.93
110 : 90 : 100 0.90 1.20
105 : 95 : 100 0.95 1.52
100 : 100 : 100 1.00 1.73

RN Sand, P : Plaster, W : Water
? UCS indicates uniaxial compressive strength
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UCS = 1.59 (P/ W)*% (1)
o}7]A], UCS : Uniaxial compressive strength(MPa)
P/ W : Weight ratio of plaster to water
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Fig. 3. Relation between uniaxial compressive strength and
plaster-water ratio
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(a) Pouring mixture into a mold

(a) Making a definite form

(d) A view of No.4 model
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(b) Making slabs

Fig. 5. A view of manufacturing a test model

(b) Tunnel excavation

(e) Acrylic panel covering

(c) Assembling a test model

(c) Tunnel lining form

(f) Metal frame covering
e aa NNWE.

135

(g) A view around a test model

(h) Test apparatus at horizontal state

(i) Test apparatus at vertical state

Fig. 6. Procedures of the scaled model tests of this study
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Table 5. Comparison of test results of six different models

-

Model No. Pillar width Support condition Initial stage Interim stage Final stage
1 0.5D
Unsupported
2 0.25D
3 0.5D
Lining only
4 0.25D
5 0.5D
Lining and pillar
reinforcement
6 0.25D

Table 6. Testing pressures of models with different pillar

widths

Pillar | Model | Crack initiating Maximum
width No. pressure (MPa) pressure (MPa)

1 0.44 0.48
0.5D 3 0.48 0.58

5 0.53 0.70

2 0.44 0.48
0.25D 4 0.44 0.53

6 0.50 0.65
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(a) Pillar width, 0.25D (Model No.2)

Fig. 7. Deformation behaviors around twin tunnels under
unsupported condition
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Table 7. The experimental results of model No. 1, 3, 5 with different support condition
Items Model No.1 Model No.3 Model No.5
Pillar width 0.5D 0.5D 0.5D
Support condition Unsupported Lining only Lining and pillar reinforcement
Applied pressures 0.48 MPa 0.58 MPa 0.70 MPa

Failure photograph

Deformation around
tunnels

Table 8. The experimental results of model No. 2, 4, 6 with different support condition

Items Model No.2 Model No.4 Model No.6
Pillar width 0.25D 0.25D 0.25D
Support condition Unsupported Lining only Lining and pillar reinforcement
Applied pressures 0.48 MPa 0.53 MPa 0.65 MPa

Failure photograph

Deformation around
tunnels
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