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Numerical Simulation of the Safety of Surrounding Rock Structure During

Excavation of Shield Tunnel Arches in Fine Sand Formations

ZHAO Bo
( China Railway 18th Bureau Group Municipal Engineering Co., Ltd., Tianjin 300222, China)

Abstract: In view of the nonlinear mechanical properties of the fine sand formations as well as the significant
geometric deformation caused by excavation of the surrounding rock structure at the arch of shield tunnels, a numerical
simulation is used for the analysis of the safety of the surrounding rock structure during excavation of the arch of shield
tunnels in fine sand formations to study the influence of such factors as permeability coefficient and lining thickness.
The principle of grid division can be determined by adopting COMSOL Multiphysics software. According to the
actual situation of shield tunnel engineering, a geometric model is constructed of the surrounding rock structure of the
arch excavation of the shield tunnel, thus helping to set the soil parameters of the shield tunnel. Based on the elastic
modulus parameter, the tunnel structure parameters can be calculated, with the displacement and stress changes of the
shield tunnel recorded as well. The results show that during the excavation process of the arch of the shield tunnel, the
maximum horizontal displacement of the tunnel is 3.5 mm, the maximum vertical displacement is 2.2 mm, and the
maximum stress value is 2.9 MPa. With the lining thickness being 56 cm, the safety factor of the shield tunnel reaches

as high as 9.09. The excavation of shield tunnels in fine sand formations is characterized with a relatively small impact
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on the surrounding rock structure. Compared with vertical displacement, the permeability coefficient exerts a greater

impact on horizontal displacement, with the thickness of the lining during excavation being a potential factor affecting

the safety of the surrounding rock structure.

Keywords: fine sand formation; shield tunnel construction; arch excavation; surrounding rock structure;

structural safety; numerical simulation
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Fig. 1 Schematic diagram of shield tunnel construction scope
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Fig. 2 Geometric model of the surrounding rock structure
during the excavation of the shield tunnel arch
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Table 1  Setting of soil parameters for shield tunnel

LR EE/(NmT) R kPa NEEEEM /() INAALL

FSi e 19.0 5.0 15.0 0.35
il e 18.0 11.0 16.0 0.30
ESiSu 19.5 21.0 14.0 0.32
iPa) 18.7 22.3 15.0 0.33
b 18.5 30.2 16.0 0.28
4iwb 17.8 25.4 18.2 0.36
R 1 19.2 26.3 162 0.24
Wk + 183 27.2 13.2 0.65
Fhid 17.2 26.5 15.4 0.36

[ 5k 16.9 21.2 16.0 0.54
ik 18.2 23.2 18.0 0.25
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Table 2 Parameter setting of the surrounding rock structure

during excavation of the shield tunnel arch
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JEE R 35 020 7800 40 - -
AR 1 0.30 2000 10 - -
WY 25 0.25 2 500 25 - -
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WRiER) 30 0.20 2 400 30 - -
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Fig. 3 Simulation results of the grid structure

HIPE 3 AT, TERIEE RIAS G5BT, 25513
BOERIM RS RRSSHSE, e ih i, izl
A 45 mx 45 mx 120 m, £ 9 865 472 4~ HIG,
6 532 T . Lk, KA AR SR, AT S

e bR T8 1) B 25 R A T B — W E
BRI R B LR AR A T, IR
BRIV [RIIE, it —2D R e R RS S R R R Y
PERE, TRREAARLZAR AR T, PR R
Ku,=F.-F,. (3)

A K, BEIE TAER N SRR w, W REIE TR A
[FIS5H A% B F. g BRE AR AN [ 45 4 i AR A2 14
BESys F, iK1

3 (3) Sy RS SE R AU (4 588 A 56 R 5
i, DAORIUEROAR S5 BEIDURG JE o



12 7= DA | /A = S 4

2026 4F

24 BMEIEE

R T S 0 B R 20 A b S R G A4 B S
12 Bl A A0 e MR SR, 0 A G FA g 3 B
8 by e AR R B U A A, TR AR
T ) B EAT AL S, SERE SR MRS B T2
R LA B AR T e 5 N s o W e ) LA i
Bl 4 B FERSTETRATE T 2 M, FIFHHSEE)
OB IEZE AR 1284k Geitinigs R, MFIRs:
SEER AT

B4 ENSeEES7HE

Fig. 4 Specific distribution map of monitoring points
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Table 3 Displacement and stress changes of the shield tunnel

W VR AR/ RN HIE /Ny I E
oo mm

mm MPa MPa
1 2.5 1.8 1.5 0.6
2 3.1 22 1.6 0.7
3 2.8 2.0 1.9 0.6
4 32 2.1 2.1 0.5
5 2.7 1.9 22 0.8
6 2.9 1.8 1.6 0.6
7 33 1.7 2.3 0.7
8 35 22 2.6 0.9
9 2.9 22 2.9 0.6
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Fig. 5 Stress distribution map of different monitoring points
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Fig. 6 Curves of displacement variation with time
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Fig. 7 Curves of displacement variation with seepage velocity
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Table 4 Safety factor of the surrounding rock structure

Nk= (pc X

5 WURR fem CRAEFM || FS WBIEE em LR
1 27 5.31 8 42 6.36
2 29 5.45 9 46 7.11
3 30 5.53 10 48 7.38
4 31 5.69 11 56 9.09
5 33 5.72 12 58 8.11
6 35 6.05 13 63 7.43
7 40 6.18
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