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Abstract

Recently, the construction of the urban area has been rapidly increasing, and the
excavation work of the ground has been frequently performed at the upper part of
the existing underground structures. Especially, when the structure is constructed
after the excavation of the ground, the loading and unloading process in the ground
under the excavation basement can affect the existing underground structures.
Therefore, in order to maintain the stability of the existing underground structure
due to the excavation of the ground, it is necessary to accurately grasp the
influence of the excavation and the structure load in the adjoining part. In this
study, the effect of the excavation of the ground and the new structure load on the
existing tunnel was experimentally implemented and the influence of the adjacent
construction on the existing tunnel was investigated. For this purpose a large
testing model with 1/5 scale of the actual size was manufactured. The influence of
ground excavation, width of the load due to new structure, and distance between
centers of tunnel and of excavation on the existing tunnel was investigated. In this
study, it was confirmed that the influence on the existing tunnel gets larger, as the
excavation depth get deeper. At the same distance, it was confirmed that the tunnel
displacement increased up to three times according to the increase of the building
load width. That is, the load width influences the existing tunnel larger than the
excavation depth. As the impact of the distance between centers of tunnel and of
excavation, it was confirmed that tunnel crown displacement decreased by 48%.
The result showed that a tunnel is located in the range of 1D (D: tunnel diameter)
from the center of excavation, the effect of excavation is the largest.
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Table 1. Results of laboratory tests of the soil

. . Maximum dry | Minimum dry Unit Relative Specific Internal .
Particle size . . . . . . . L Cohesion
distributi unit weight unit weight weight density gravity  |friction angle (kPa)

istribution a
(’Ydmaz H kN/mS) (7(17711'77 H kN/mS) (’Y(]) (Dr H %) ( Gs) (¢, O)
C, =2.68
C.=0.69 16.86 13.82 15.39 56 2.63 38 6.0
SP
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Fig. 1. Schematic description of large model test
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Fig. 2. Model tunnel

Table 2. Relative stiffness

Category Young’s modulus Width Thickness Relative stiffness
(MPa) (m) (m) (@)
Prototype lining 20,000 1.0 0.3 -
Model lining 200,000 1.0 0.006 1.920
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Fig. 3. Measuring instruments of the model tunnel
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(b) Setup of measuring instruments
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Table 3. Measuring instruments and objects

Category Object
Data logger Data collection
LVDT Tunnel displacement (16 EA)
Strain gauge Tunnel moment and axial force measurement (32 EA)
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Table 4. Cases of model tests

Category Test case Loading position Loading width
1-1 Excavation 5 m, Load 11 story 5~8 1.0D
Case 1 1-2 Excavation 10 m, Load 11 story 5~8 1.0D
1-3 Excavation 15 m, Load 11 story 5~8 1.0D
2-1 Excavation 5 m, Load 11 story 3~10 2.0D
Case 2 2-2 Excavation 10m, Load 11story 3~10 2.0D
2-3 Excavation 15m, Load 11story 3~10 2.0D
3-1 Excavation 5m, Load 11story 1~12 3.0D
Case 3 32 Excavation 10m, Load 11story 1~12 3.0D
3-3 Excavation 15m, Load 11story 1~12 3.0D
4-1 Excavation 5m, Load 11story 3~6 1.0D
Case 4 4-2 Excavation 10m, Load 11story 3~6 1.0D
4-3 Excavation 15m, Load 11story 3~6 1.0D
5-1 Excavation 5m, Load 11story 9~12 1.0D
Case 5 5-2 Excavation 10m, Load 11story 9~12 1.0D
5-3 Excavation 15m, Load 11story 9~12 1.0D
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Fig. 4. Loading positions of the model tests

(a) Installation of loading plate (b) Loading on the plate with hydraulic cylinders

Fig. 5. Installation of loading system on the surface
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Fig. 6. Displacement of tunnel for series Case 1
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Fig. 7. Displacement of tunnel for series Case 2

- Excavation
-=Load 11 story

- Excavation
—=Load 11 story

- Excavation

s -#-Load 11 story 3

(a) Case 3-1 (b) Case 3-2 (c) Case 3-3

Fig. 8. Displacement of tunnel for series Case 3
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Fig. 9. Displacement of tunnel crown loading width

3.1.2 H'd B4

Egel] 2§ ok mRlEL Aekel uaol s HAzio] s, skge) A1t S7keeE ek o
SO RS 571G 8 eI 4 giek el BAle W e Aeo et st
2004 BRlEs} el ¥Eo 2 MMAIGR g0 2 Lhepge), B Aol 550 2 Qlsto] Ak UfE Ko

2 BHlEsL WSl SR 5 o502 uilEsh sk ol olig BARS Fig. 10-1

AfsEo] A B 482 HrhATo|A 0] Qgke 2 e 202 bt H3o] £2e 55

7FE 27151 2102 Uebgt. o] B Fue) Aol §2lo] Z7sto] AiFe] A)slo] gl
oligel] g2lo] Z7Fshe 7102 B,

(9]

1o o
= my

o)

[¢]

)
e
T ofy

- Excavation - Excavation - Excavation

-=Load 11 story -=Load 11 story -=Load 11 story

(a) Case 1-1 (b) Case 1-2 (c) Case 1-3

Fig. 10. Moment of tunnel for series Case 1

Journal of Korean Tunnelling and Underground Space Association 649



Seok-Kyu Cha - Sangduk Lee

(kN « m) (kN + m) (kN « m)
1 1 1
16 0.1 2 16 0.1 2 16 0.1 2
15 0.05 3 15 5 3
14 14 4 14 4
== Excavation = Excavation = Excavation
13 13 13
-=Load 11 story -=Load 11 story -+Load 11 story
12 12 6 12 6
11 11 7
10 8 10 8
9 9
(b) Case 2-2 (c) Case 2-3
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Fig. 12. Moment of tunnel for series Case 3
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Fig. 13. Axial force of tunnel for series Case 1
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Fig. 14. Axial force of tunnel for series Case 2
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