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Research on the Disturbance Influence Law and Safety Distance of the Cable Tunnel

Induced by the Construction of the Underground Subway Tunnel
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Abstract: In this paper, the influence of subway tunnel construction on the deformation and stress disturbance of cable tunnel
with different section sizes is studied by means of numerical simulation for two common working conditions of underground tunnel
with vertical and 45° down slope. On this basis, the relationship curve between the distance between two tunnels and the
minimum safety factor of the secondary lining structure of the cable tunnel is obtained by checking the ring and longitudinal safety
factor of the cable tunnel, and the corresponding safety protection distance is determined according to the control index of the
secondary lining safety factor. The results show that the settlement and tensile stress of the cable tunnel structure caused by
vertical underpass are higher than those under inclined underpass condition. The distance between the tunnel and the minimum
safety factor of the secondary lining of the cable tunnel are linearly increased under both conditions. Under the same calculation
conditions, the safety distance of vertical underpass is greater than that of parallel underpass 45°.
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Table 1 Physical and mechanical parameters of strata
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JetE A+ 1. 80 8 0.32 8.0 27.0
w194 10 0.32 17.0 24.0
TR
P 1.99 15 0.25 30.8 21.4
by 1.59 25 0.23 2.0 25.0
AR 1.61 28 0.28 1.0 30.0
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Fig.1 3D numerical model diagram
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Fig. 2 Dimensional drawing of cable tunnel section
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Fig.3 Sectional view of underground tunnel in subway
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Table 2 Physical and mechanical indexes used in numerical calculation
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Fig.4 Schematic diagram of section excavation of
underground excavated subway tunnel
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Fig. 5 Layout of monitoring points in cable tunnels
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Fig. 6 Relation curve between maximum deformation
é -6r value and clear distance of cable tunnel
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Fig. 5 Vertical deformation curve of cable tunnel 6.5
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Fig.8 Longitudinal stress nephogram of the
existing structure when the distance is 1 m
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Fig.9 Relationship between maximum tensile stress and clear distance
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Table 3 Safety factor table of secondary lining under the condition
of vertical working and 45° parallel side penetration
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2 42,48 -1.77 107.38 -38.17 -1.59 112.16
# 3 -2651 110 17207 -264.83 -11.03 16.17
H 4 92.79 3.87 6.95  156.16 6.51  7.49
5 130.32  5.43 4.95  617.84 28.33  1.83
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A 3 -10.85 -0.45 420.28 124.80 5.20 9.37
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Fig. 10 Minimum safety factor curve for cable tunnels
with different spacings and sizes
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Table 5 Safety distance of the second liner under typical dimensions
at different spatial locations

Cike il STEN ECNN R

/ (mxm) /m /m
1.5x2.3 1.91 (1.27B,) 1.64 (1.09B,)
2.0x2.3 2.09 (1.05B,) 1.98 (0.99B,)
2.4x2.9 3.00 (1.25B;) 2.10 (0.88B5)
2.6x%x2.9 4.03 (1.53B,) 2.72 (1.05B,)

LERN I 2 4 R RO /N T I e R A T
IR RN )R NCIR /e oY 6 G N S B N R B ]
I S PE TR I ) 28 2 R 5w/

PIRPIOUT , A A A R RS R g g aE —
F /NG A R R EAN I 10 s o BEA 4 RRiE

4.2
4.0
3.8
3.6
3.4
32
3.0
2.8
2.6
2.4
22
2.0
1.8
1.6
1.4

/N4 FAL

- 2.6x2.9 4
—0—2.4x2.9 4
—A—2.0x2.3 4
—¥- 1.5x2.3 4

1 2 3 4 5 6 7
NGRS

(a) EETH

J: B, By, By, B, A4 1.5m, 2.0m, 2.4 m, 2.6 m (Y4
(3 ERG

PR 28 A0, ASTR] RO e S50 G — 4 19 22 4
PRI A AN F] o T2 8, 18R I 2 % 1 1
HIFFMARYGRE (HIKS m) &, #RUEgiEEE
2 AP B E O T 1. 6 AR BERR AT 58, &
T ASOPATMIZE A OR T 11 A5 R B R T 9

5 #ig

XU BRI IZ R IETE B, BH R 450 FAT00 %7 AL i bk
EMRH WL 00, BEFEA R BB AT, AR
AP g R aa s mpL A, FFalE 1 gehk i %
o170 I N P i P D0 = /T s v O R o

(1) BEAHSEREIE i . &R b
H PIREIE N, BEAT H SRR T DR (E O A
TR O, RN 3 BR 907 A B DT RE(E



6 1

EFEMAE: MRS IZREIE T 5 d SehEaE 0 sh # M S 2 S T B TS

TR M MIIREE. @2 J1: ME T2,
ey apE R DK NCIE /=i JVAPA R SNERRE i ;SR WA N N L E v
I 38K 5 A R R R, BEA HL SRR TE
IR 0K N CIE DA PR (137 €1 P NEE i N~ e S U E WA
TR TR 2= A R R S L

(2) BbA Mg bsin 2 e L. Bl PikE
A, BEA S R B/ N RBUE N Yk
AT GERE A AT RO R R, BE A 45 4 1) die /N 2
DARBURU /N o T BT 07 A 1 e/ N 22 4 AR
TRk IS A 1 e/ N A R

(3) fEMbEkmE4Z 5B T B N o B 40 ks iE
(MR Sm) I, I A BRI 1Y 22 2 R 97 0 g A 1L
HRT L6 SR LSRR E I 58, R T 45 AT 5
BOART L1 AGH L BERRIE I 52 o

(4) ZMAIEICR . BT, A BEA R
BibE B AL L VR WA T ER A T
FREE ASemzZE, BEA AL A R E T T RO OR A2 4
SRR, BRTE N, SEMRE R

2 % X W

[1] BYUN G W, KIMD G, LEE S D. Behavior of the ground in
rectangularly crossed area due to tunnel excavation under the existing
tunnel [J]. Tunnelling and Underground Space Technology, 2006,
21 (1): 1-6.

[2] KASPER. T, MESCHKE G A. 3D finite element simula— tion
model for TBM tunneling in soft ground [ J]. International Journal
for Numerical and Analytical Methods in Geomechanics, 2004, 28.
1441-1460.

(3] 5. EEHRS

Wik T T R e AL (D). MR A [E]

(E#% 83 1)

International Journal of Physical Modelling in Geotechnics, 2018,
19: 1-4.

KO, AL, BRT, 4. ST R R S R R i
SAILIATSE [J]. # £ TR, 2021, 43 (8): 1373-
1381.

[12]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[13]

[14]

SRR, 2011, 7 (1) 127-132.

FRO6, W, ML WTRETE T 2 e S0 RR I B BUE T
SN ARG UURE TN [J]. SRiEFR ¥ S TR ¥, 2008, 5
(1): 68-71.

AOBHE, IS, SO, % B A BRI REE T T 5
EER SRR oy X R ABEE (1], &A% S TR,
2024, 43 (35T 2) : 3609 - 3620.

Tk, TRTIST. VR4 S E I BE T 2F AT M Ak YOG R R
[J]. BHEII¥5TRYAR, 2007, 26 (T 2) ; 4208 —4214.
Moo, ZFehoc, TH, % EMIEEE N0 RRE TS
Bokmprsy [J]. METHAR (P3Es), 2023, 52 (19): 122 -
127, 144,

B, AT iE. G R e SR T ARk Y AR T i 5 S
B [J]. ‘4 TRE2EHR, 2012, 34 (5): 812 -8I8.

ROGHE, JH%:, ZRiEE, . BRI T N 2R Ak X IR 19T
Besgmadr [J]. BEIETH, 2023 (4): 150 -153.

R, BT, Kb, S5 RESEEARTRRE TN 500 T BE
A X A R R [T BRI S AT,
2024, 27 (4): 33 -39.

EMNGL, FRETF, EEE, S BabbE e B 2R 1
WK B R XS A A [J). R TR S B%E, 2016 (3):
15 -18.

PR, REM, TOEE, % BEE TR N ERTIEL
AT [T]. BEEEST, 2010 (7). 70 -73.

R A AR BRI P S T I8 E AR R it T M 7 2
P [J]. BCRRIEHEAR, 2022, 59 (2): 220 -226.

R, KA, T, % TR RIS T AR
b (1], BEPCHEESA, 2024, 23 (1) : 102 -104.

T BAERREE TR T E KM EmPs (D). AK
JE: AREERIE KR, 2014

AR . 2k BRTE BTG TB 10003—2016 [S]. 4t
al: PEYGE L, 2017.

XIFERS, AR, R SUHEE SRR EE 54T S B O 1k
e (1], L%, 2020, 48 (6): 19-23.

EREE, R, FEICIR, A SCHERERURZE A S I RE T
U SRR M [J]. JKSCHURR TR MR, 2022, 49 (1):
109-116.



