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Abstract

Recently, ground structures have reached saturation, and underground construction
using underground structures such as tunnels has been in the spotlight as a way to solve
increasing traffic difficulties and environmental problems. However, due to the increa-
sing number of underground structures, close construction is inevitable for continuous
underground development. When a new underground structure is constructed closely,
stability may become weak due to the influence on the existing tunnel, which may cause
collapse. Therefore, analyzing the stability of existing tunnels due to new structures is
an essential consideration. In this study, the effect of excavating new tunnels under
parallel tunnels on existing parallel tunnels was analyzed using numerical analysis.
Using the Displacement Control Model (DCM), the volume loss generated during
construction was simulated into three case (0.5%, 1.0%, and 1.5%). Based on the center
of the pillar, the distance where the new tunnel is located was setto 5 m, 6 m, 7 m, 8 m,
9 m, and the space for each distance were set to 5 (0D, 0.37Dy, 0.75D,, 1.13Dy, 1.5Dy).
In general, as the volume loss increased and the distance approached, the maximum
displacement and angular displacement increased, and the strength/stress ratio to
evaluate the stability of the pillar also decreased. As a result, when the distance between
the new tunnel and the center of the pillar is 5 m, the space is 0D, and the volume loss
is 1.5%, the stability of the existing parallel tunnel is the weakest.

Keywords: Parallel tunnels, Displacement, Strength-stress ratio, Volume loss, Dis-
placement control model
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Fig. 1. Concept of volume loss

196

Journal of Korean Tunnelling and Underground Space Association



Analysis of the influence of existing parallel tunnels according to the location of the new tunnel

2.2 712 HHEILe| ok Ty Y

QP3AS BFsP] 915) Hcasiet ZAStE Tgslel 2t Edutte] Qe BAslelet. Ea AVEEl
Ao Qg1 EEd Pelol P ek SIol B el BET RS Sttt

2.2.1 71EHY 9| A Bt 7=
71& A2l oA M2 FRES 71T 79 A mAstet 2 1 A Rke] AF o2 Qls| 15
Hstet 7S Blof 71E FxE0] Qg Adoll & Pk v]x)7| ok Li and Yuan (2012)2 AE 92
S A 71EE 0 /g WIS S5l HH S E8et Hd o] o8 7 715S AAISH) A Table
SRR

1), Bjerrum (1963)2 71&&7-2=2] P42 87157 ] flsf F-5-35He 57t 21 9] S AlASHlth(Fig. 2).

Table 1. Deformation criteria of existing tunnel (Li and Yuan, 2012)

Case Limit

1 The maximum settlement and horizontal displacement - no more than 20 mm

2 The radius of deformation curve along the longitudinal direction of the existing tunnel - no less than 15,000 m

3 The slope of deformation curve along the longitudinal direction of the existing tunnel - no more than 1/2

Angular displacement /L

1 1 1 1 1 1 1 1 1 1
100 200 300 400 500 600 700 800 900 1000
|

Limit where difficulties with
machinery sensitive to
settlements are to be feared

Limit of danger for frames with diagonals

— Safe limit for buildings where cracking is not permissible

— Limit where first cracking in panel walls is to be expected

—— Limit where difficulties with overhead cranes are to be expected

— Limit where tilting of high, rigid builings might become visible

Considerable cracking in panel walls and brick walls
Safe limit for flexible brick walls, (L/H>4)
Limit where structural damage of general buildings is to be feared

Fig. 2. Limits related to angular displacements (Bjerrum, 1963)
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Table 2. Physical properties of ground and concrete used for numerical analyses

Material Unit Wei3ght Cohesion Angle of friction | Elastic modulus Poiss.on’s Model type
(kKN/m”) (kPa) (Deg.) (MPa) ratio
Weathered rock 20.0 35.0 32.0 200 0.3 Mohr-coulmb
Concrete 25.0 - - 27,000 0.18 Elastic

710l 2 ARG AP SHEAIOTFOM) S AR 23kt 152 e o, QM| R 2o §71% vt
S st Mo sk 2haste, Edat ¥ AEeA7H) ek stk B Al sk
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2007). ASACTHL EdFH%] & AFS Tl S UFHEE D2 Hwe] B modes)ol AP WIS
QJefate] AEAERS BARE 4 Sl MPolth H30] QI ERo)A Hsht dofux) o g sl A

Volume Loss
(0.5%,1.0%,1.5%)

s Convergence Point

Fig. 3. A new tunnel model using displacement control method
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D, = 10m) ! H = 5m, 6m, 7m, 8m, 9m

.L = 0D,, 0.5D,, 1.0D,, 1.5D,, 2.0D,

Fig. 4. Model according to the change of location of the new tunnel
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(@) The tunnel close to the new tunnel (b) The tunnel far from the new tunnel

Fig. 5. Maximum displacement at a distance of 5 m
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OD1 O.37D1 O.75D1 1.13D1 1.5D1 OD1 O.37D1 O.75D1 1.13D1 1.5D1

Distance(m) Distance(m)
(@) The tunnel close to the new tunnel (b) The tunnel far from the new tunnel

Fig. 6. Maximum displacement at a distance of 6 m
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(a) The tunnel close to the new tunnel (b) The tunnel far from the new tunnel

Fig. 7. Maximum displacement at a distance of 7 m
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(a) The tunnel close to the new tunnel (b) The tunnel far from the new tunnel

Fig. 8. Maximum displacement at a distance of 8 m
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Fig. 9. Maximum displacement at a distance of 9 m
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Fig. 10. The shape of the existing tunnel changed after excavation of the new tunnel at a distance of 6 m
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Fig. 11. Angular displacement at a distance of 5 m
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Fig. 12. Angular displacement at a distance of 6 m
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Fig. 13. Angular displacement at a distance of 7 m
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Fig. 15. Angular displacement at a distance of 9 m
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Fig. 16. The strength/stress ratio of the pillar
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Table 3. The stability evaluation result of the existing parallel tunnel in new tunnel’s volume loss 0.5%

Space (] Distance (m) 5 6 7 g 9
0D, 0 0 0 0 0

0.37D; X X o 0 0

0.75D,; o 0 o o o

1.13D, X X 0 o 0

1.5D, o o o o 0

o : Stable, x : Unstable

Table 4. The stability evaluation result of the existing parallel tunnel in new tunnel’s volume loss 1.0%

Space (m Distance (m) 5 6 7 p 9
0D, X X o o o

0.37D, X X X 0 0

0.75D, o o o o 0

1.13D, X X X o o

1.5D, X X X o o

0 : Stable, x : Unstable

Table 5. The stability evaluation result of the existing parallel tunnel in new tunnel’s volume loss 1.5%

Space (] Distance (m) 5 6 7 3 9
0D, X X X X o

0.37D, X X X X o

0.75D; 0 0 0 0 0

1.13D, X X X X 0

1.5D, X X X o o

0 : Stable, x : Unstable

Fig. 17-2 Table 3, Table 4, Table 52| A7}-5 gt 12 oy 2515 Zlo|ot A1 E)d o] §jA]of uh2 7]&
HE'g 9] P 2 Eo] S7FEE Qo] Aolu= e Bt AREEAE0] 0.5%<] 7354 7]’
A 27104 BRI A0 2 VERG o H, 2REEAE0] 1.0%7 A9 1171] 204 E2Pde Ao =2 Yelyt
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H9), B8 =R o BAEMe nRP R 2 AHEEAEC] 0.5%0114 1.0% % S7FE 749 1.0%014 1.5% % 5
7V 75 Hot 7| HEEE | n|A= ol E Ao g wtETh

AJRk
|
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