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Abstract

Recently, the need for research on vertical shaft excavation is increasing with the
increase of the demands for the underground and utility tunnels. As a part of the R&D
project of the Ministry of Land, Infrastructure and Transport, CUT (center for utility
tunnel) has developed “Ring cut method”. “Ring cut method” is a method to improve
the stability of the ground against the basal heave by excavator wall pre-penetration
during vertical shaft excavation. In this study, the basal heave was simulated by
centrifugal model test. The basal heave, ground subsidence, and ground deformation
of surrounding ground were analyzed by soil plug effect from wall pre-penetration. It
was found that the soil plug could control the basal heaving and ground subsidence,
and verified that the ‘Ring cut method’ could be a good countermeasure for the ground
stability against the basal heave.
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Table 1. Similitude ratio of major factors

Factor Real condition (1 g) In test (Ng)
Stress 1 1
Density 1 1
Length 1 I/N

Force 1 1/N?
Weight 1 N

Fig. 1. Centrifugal model test equipment
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Table 2. Centrifugal model test equipment

Company Radius Max. capacity Max. weight Size Max. acc.
ACTIDYN SYSTEMS 1.2m(L) * 1.2m (W)
. 240 g- 2400 k 1
SA (France) 50m 0 g-tons 00ke *1.2m (H) 30¢
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(a) Soil chamber (b) Vertical shaft model (c) Test setup

Fig. 2. Test equipment
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Fig. 3. Sensor installation overview
Table 3. Sensor installation details
Sensor type Position [mm] Depth [mm]
S1 Laser sensor 80 from wall 0
S2 Laser sensor 160 from wall 0
S3 Laser sensor 240 from wall 0
H1 Laser sensor Center of model inside 0
Pl Earth pressure gauge Wall surface 50
P2 Earth pressure gauge Wall surface 100
P3 Earth pressure gauge Wall surface 150
P4 Earth pressure gauge Wall surface 200

@Xcavation
i _equipment
model

excavation

excavation surface

/ surface

“soil piug””

(@) Model A - without soil plug (b) Model B - with soil plug
Fig. 4. Test models
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Fig. 5. Gravitational acceleration variation with time
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Table 4. Soil properties
LL [%)] PL [%)] Unit weight [kN/m’] Water content [%o] Cohesion [kPa]
Yeosu clay
89.1 314 16.61 59 3.19
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Fig. 7. Basal heave at 50 g
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Table 5. Equations of ground subsidence shape

Type G-level Model A Model B
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Table 6. Ground subsidence volume at various g-level
12.4 g [mm’] 27 g [mm’] 50 g [mm’]
Model A 1,165 1,951 3,426
Model B 735 1,591 2,529
Effect of soil plug (Model B / Model A) 0.63 0.81 0.74
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