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Abstract

In tunnel construction, the stability is evaluated by the settlement of adjacent structures
and ground, but the shear strain of the ground is the main factor that determines the
failure mechanism of the ground due to the tunnel excavation and the change of the
operating load, and can be used to review the stability of the tunnel excavation and to
calculate the reinforcement area. In this study, a twin tunnel excavation was simulated
on a soft ground in an urban area through a laboratory model test to analyze the
behavior of the twin tunnel excavation on the adjacent pile grouped foundation and
adjacent ground. Both the displacement and the shear strain of ground were obtained
using a close-range photogrammetry during laboratory model test. In addition, two-
dimensional finite element numerical analysis was performed based on the model test.
The results of a back-analysis showed that the maximum shear strain rate tends to de-
crease as the horizontal distance between the pillars of the twin tunnel and the vertical
distance between the toe of the pile group and the crown of the tunnel were decreased.
The impact of the second tunnel on the first tunnel and pile group was decreased as the
horizontal distance between the pillars of the twin tunnel was increased. In addition,
the vertical distance between the toe of the pile group and the crown of the tunnel had
arelatively greater impact on the shear strain results than the horizontal distance of the
pillars between the twin tunnels. According to the results of the close-range photogr-
ammetry and numerical analysis, the settlement of adjacent pile group and adjacent
ground was measured within the design criteria, but the shear strain of the ground was
judged to be outside the range of small strain in all cases and required reinforcement.
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Fig. 1. Flow chart for this study
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Fig. 3. Using Mohr’s strain circle to calculate strain in triangle elements (Lee and Lee, 2012)
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Table 1. Material properties for numerical analysis

Symbol Material Unit Value -
Loose sand Pile
Y Unit weight kN/m’ 14.14 -
E Young’s modulus kPa 22,150 2.45x10°
v Poisson’s ratio - 0.34 0.25
c Cohesion kPa 0 -
[ Shear resistance angle ° (deg) 30 -
¢ Dilatancy angle ° (deg) 0 -
- Rinter - 0.8 -
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Table 2. Cases for numerical analysis

Case

Vertical offset

Horizontal offset

Case A

1.0D

0.5D

1.75D

2.5D

Case B

1.0D

1.0D

1.75D

2.5D

Case C

1.0D

1.5D

ElR=| =8 == 8=

1.75D

2.5D

rsion Academic version

(a) Case | (1.0D)
Academic version

(o) Case 1l (1.75D)

Academic version

(c) Case Ill (2.5D)
Fig. 14. Mesh generation (Case C)
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Fig. 19. Shear strain of ground of numerical analysis (Case C)
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