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Behavior of Parallel Shield Tunnels Subjected to Shear Deformation of Soil
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Table 1 Test Cases
N CASE1 CASE2 CASE3
o.
Single Circular Tunnel Single Rectangular Tunnel Triple-faced Tunnel
Counter-side 3 Actuator-side Counter-side q'— Actuator-side . Counter-side . . q:— Actuator-side
R13 R13
A R /N gl=
- —~ g
ny e E : :
8 Iro sle RY gic RO s
2
3
F Irs - RS — RS
£z HE HB5mm(3.25m) HE
r2 [ R~ rR2 [1R[~ W100mm(5m) R2 [ &~
«Sectional Force -Sectional Force -Section.al Force
. R : Strain Gauge
. :Strain Gauge : Strain Gauge (29*2=58 point, Fig. 3)
(16*2=32 point, Fig. 3) (23*2=46 point, Fig. 3) point, £ig-
@2 -Settlement of ground
g | =Settlement of ground : «Settlement of ground . Laser Displacement Meter (3 point)
2 : Laser Displacement Meter (3 point) - :Laser Displacement Meter (3 point) H S, P P
" . . . . -Horizontal Displacement on ground surface
E | -Horizontal Displacement on ground surface -Horizontal Displacement on ground surface .CCD C d Targets (12 point
E :CCD Camera and Targets (35 point) :CCD Camera and Targets (12 point) " am.era and Targets ( poin )
. . . . . . -Horizontal Displacement of a lamina
-Horizontal Displacement of a lamina -Horizontal Displacement of a lamina X .
g X . . X :Potentiometer (R2~R13 : 12 point)
:Potentiometer (R3~R13 : 12 point) :Potentiometer (R2~R13 : 12 point) . . .
= . . . . *Horizontal Relative Displacement between
*Horizontal Relative Displacement between
top and bottom slabs for rectangular
top and bottom slabs Non-Contact Di
DisplacementSensor (I point) tunnel; Non-Contact Displacement
Sensor(1 point)
-Cenrifugal Accleration : 50 G
** : Thick lines indicate the measurement positions by strain gauges.
-Dimensions in this figure indicate scale of the models. Dimensions in parentheses indicate the prototype scale.

Dimensions are in millimeters

?- J~; Friction Cut Face - ¢ —— Friction Cut Face
T - T ¢ = Strain gauge 3 ’1 T Ll i
' ! ! External Diameter = 60 ! i !
! | ! Internal Diameter = 56 o ! P t| wa :Strain gauge
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Fig.3 Outline of Tunnel Models and Measurements
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where M : bending moment
N : axial force
&, : Strain at the outiside of tunnel lining
&, Stainattheinside of tunnel lining
E : elastic mod ulus of tunnel
t : thickness of tunnel lining

v : poisson' s ratio of tunnel
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Table 2 Loading Steps

tmm)
Step 1 2 3 4 5 6 7 8

Lamina No.13 0.050 |0.100 {0.200 |0.400 |0.800 | 1.600 | 3.200 |6.400

Lamina No.9 0.033 10.067 |0.133 {0.267 [0.533 | 1.067 |2.133 |4.267

Lamina No.5 0.017 {0.033 |0.067 {0.133 | 0.267 |0.533 |1.067 {2.133

Average Shear Strain
(%)

0.015 |0.031 }0.062 |0.123 |0.246 | 0.492 | 0.985 {1.969

-Input Wave : Sign wave( 0.005Hz) - 3Cycles / Step

Note « Average Shear Strain = (Lamina No.13 displacement) / (Ground Height)

Difinition of positive bending
moment and axial force

Note : circular tunnel is the same with above.
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Fig.4 Bending Moment at the Centrifuge Acceleration 50G (:Initial)
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—A— Ground at the middle using differencial
integration

—3— Ground at the middle using polynomial
approximate method
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Fig.6 Behavior of Single Tunnels
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Fig.7 Relationship between Bending Moment and

Horizontal Relative Displacement

Table 3 Horizontal Relative Displacements for Rectangular
(mm)

Step 1 2 3 4 5 6 7 8

CASE2
(Single tunnel)
CASE3 (Triple-
faced tunnel)

0.25 10.56 | 1.00 |2.03 {3.81 {6.90 |12.37 |27.00

0.1510.310.53 |1.14 |2.31 {4.78 | 8.80 |16.50

—- CASE1(Single) Step8
—@)— CASE3(Triple) Step8
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Fig.8 Comparison between Single Tunnel and Triple-Faced Tunnel (Bending Moment)
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Fig.9 Comparison between Single Tunnel and Triple-Faced Tunnel (Bending Moment)

For Approximately Same Displacement
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