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Face stability analysis of EPB shield tunnel in sand
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Abstract: When an earth pressure balanced (EPB) shield tunnel is constructed in sand which is weakly self-stabilized, face
failure may occur if the support pressure in the chamber is not strong enough, and much attention should be paid to it. The
three-dimensional discrete element method (3D DEM) is employed to analyze the face stability when the shield is being
advancing or stopped. Precise EPB shield machine models are established and the dynamic construction process is incorporated.
Thus, the influence of soil-cutting tool interaction and support of panel for face soil can be considered. The impact of cutterhead
types, buried depth and rotating speed of cutterhead on the limit support and pattern of failure zone can be clarified, and the
failure mechanism of EPB shield tunnel in sand can be explained microscopically. Compared with the existing researches, the
dynamic construction process is considered to study the face stability in this study, which is close to tunnel construction in
practice. The study results may serve as certain guidance for guaranteeing the face stability of EPB shield tunnel in sand.
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Fig. 1 Sketch of earth pressure installation algorithm
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Fig. 3 Calibration of microscopic parameters of model soil
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Table 1 Microscopic mechanical parameters of model soil
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Fig. 4 Model of EPB shield advancing (7=80%)
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Fig. 5 Relationship between subsurface settlement and support

pressure
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Table 2 Summary of limit support pressure when EPB shield
advancing
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Fig. 6 Time-history curves of torque
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Fig. 7 Time-history curves of thrust
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Fig. 8 Relationship between limit support pressure and buried

depth under shield advancing
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Fig. 9 DEM model without considering construction process
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Fig. 10 Variation of coordinate number during tunnel failure
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Fig. 11 Particle color-displacement coding system
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Fig. 12 Particle color-displacement coding system
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Fig. 13 Failure mechanism of shield tunnel under various buried

depths (7=40%)
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Fig. 14 Failure mechanism of shield tunnel under various buried
depths (7=80%)
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Fig. 18 Influence of rotating speed of cutterhead on face stability
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Fig. 19 Influence of rotating speed of cutterhead on thrust and

torque
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Table 3 Limit support pressures when EPB shield is stopped

(kPa)
C/D
g 05 1.0 2.0
40% 3.0 2.0 25
80% 75 6.5 7.0

FFER AL BN S p, (D) EER S E N
WG HRIE G D > AT TR b, EAREE LA
20. HEZEAHUSHLRES N E 7R SO I 1A
Nt 8 PR AR 1k 5 Chambon 251 Kirsch!' )= 4
I LS LAY A, A E T-25 FE gt FE e 122 A
{5 AURS THI AR 1 233 p, /(D) 52 10 32 38 K T4 120 R
o BT AR (3% - 08 A MU p, /(yD) /T Kiirschl'?!
= NIRIG A EAS D > 8, (H =80% T il it 545 Bk
F Chambon 255 Pyt . Y BLZFIL R 10 7] i i 8] 2
Chambon 2% py 06K b + B — E AR
71 (0<c<5 kPa), 45 | HEFiifett, WIRS &
T PTG, HJaxT R 2, 3 4558 AT %A, BRI
P HA R B AR E M, (EiE TR A& KRR R AR
2 4546 I 55 3 7 T FR e P .

030 ChambonEUn (0< c<5 kPa, 37° <g<42° )

b----Leca®®"™ (c=0 kPa, ¢=35°)
025 ¢ - - -Mollon®®l (c=0 kPa, ¢=38°)
d — —Kirschi'2 (p=32.5° )

0.20 | ¢ —-— AnagnostouZ§™® (p=35°)

m  PFC3DELHl(¢=35°, n=40%)

% o015k ® PFcal)&iﬂ(Z:as*’, ”=82%)
X - —— P - \1____,_.1.:.:.:.
F e RO TR
010 e N N
° [ ]
0.05
L n \a L ]
0 1 1 ]
0.5 1.0 1.5 2.0
CID

20 EHREFERRIPEDREEREL R
Fig. 20 Relationship between limit support pressure and buried
depth when shield is stopped
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