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Influence of Shield Tail Extension on Mechanical Behavior of
Shield Shell of Shield Tunneling Machines with Simultaneous
Excavation and Lining Assembly
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Abstract; In view of the design requirements and potential risks of shield tail lengthening in the
construction of synchronous shield tunnels, a three-dimensional finite element model of the shield shell is
constructed to study the mechanical response of the shield shell structure under water and soil load based
on a shield tunnel section project of the Shanghai Metro. The influence of shield tail length and
overburden thickness on the stress and deformation of the shield shell is mainly discussed. The results
indicate that the shield shell structure has sufficient strength and deformation margin under a design
overburden thickness of 25m and a shield tail length of 3. 65m. The maximum deformation and stress of
the shield shell increase linearly with the length of the shield tail and increase nonlinearly with the depth
of the overburden soil and are significantly affected by the initial geometric defects. To ensure that the
maximum deformation of the shield tail is less than the minimum shield tail clearance under the shield
pitching excavation, the design should comprehensively consider the buried depth change and the
geometric initial defect, and the shield tail lengthening design should be carried out in a targeted manner.
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Fig.1 Structure of shield machine
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Table 1 Main dimensional parameters of shield machine

e WU/ mm
JEHHLIME 6 760
JE R S 9 855
H G 2 190
E KA 4015
&R 3 650
JE A BE (i) 2 080
JE A BE (Ja i) 1570
JE SR 4 R R E (i ) 50
JE R AR JBEBE (S5 % ) 18
J& R nshih HAz 30
JE R AT BE (8 3 ) 32

1.2 )R %M

Z S IE XA BT @, e G, #it
MO©, BymFh £, XA 2 3 500m, % & P35 K
W, B KGR 25%0, Fe /NI AR R =
500m, 7 1 JEERE 10. 6 ~ 20. 4m. 2[5 ) v 4o (&
2 w45 L2 B S #2380 2 R,
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Fig.2 Longitudinal soil profile along the tunnel
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Table 2 Physical and mechanical parameters

of soil strata

A J=)% T/ MRS WIS
m (kN-m_S) kPa (°)

Bl
Jo

@ R+ 0.5~1.8 18.0 7.3 28.5
@ WREKFFL 4.9~6.5 18.0  13.0 25.0
@,  WEmEFtE 6.9-8.4 16.8 14.0 12.0
®, Bt 6.9~11.4 17.3  16.3 15.7
©, ¥ E+ 2.0~4.5 19.0  26.0 18.6
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Fig.3 Finite element model of shield shell

of shield machine
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Fig.4 Load actting on shield shell
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p, =vH (1)
q, =pA (2)
¢ = (p, +yD)A (3)
p, =W/S (4)

Xdp, NEB TR E R 1 q, I ER T2
SN 4 FE 75 g, Ry JE RA IS A2 20 18 0 ) £
J15p, NIEAG A TE RS ;D RIERIIME W Ry JE AL &
7158 FIE A R K- BRI RY e 2 5 I 5T AT
FREUE I 3 FiR,

#3 EEIMIHEUE

Table 3 Value of external load acting on shield shell

far Pi Py 0 70

HUE/kPa 450 22 315 400

PR LRE W 5 s R S ) Bl i
BN, LR 2 T -2 B R R R R 2
U T JEE A, x5 1) B3l Tl IR 24 SR it
PTG Ay J7 1) 972 [ A BE A58 4 BRI T R
RN RS, LR OR TR BE Fu i 1 8 Fe 7S 280 1Y
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Fig. 5 Boundary conditions of model
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U, Magnitude
+6.165e+00

«+5.652e+00 Max: +6.165¢+00
v +5.138e+00
-« +4.624¢+00
+4.110e+00
v +3.596e+00
v +3.083e+00
+2.569¢-+00
v +2.055e+00
- +1.541e
Iy Min: +0.0006-+00
- +5.1380-01
+0.000e+00 Max: +6.165e+00
Node: TAIL2-1.40
Min: +0.000e+00
Node: HEAD1.1

a BT (HBfL: mm)

S.Mises
Multiple section points

(AvgT5% )
+7.517e+01

- +6.891e+01

«+6.265¢+01

+5.638e+01

+5.012e+01

- +4.385e+01

1« +3.759e+01

+3.132e+01

«+2.506e+01

. +1.880e+01

+1.253¢+01 Max: +7.517e+01

+6.267e+00  Elem: TAIL2-1.988

+2.939¢-03  Node: 477

Min: +2.939¢-03

Elem: MIDDLEA1-REALLEI-1.4536
Node: 166

b W53 A (B MPa)

6 EREZHMHETRIMN S
Fig. 6 Deformation and stress of the ideal shield shell
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Fig.7 Inner vertical diameter calculation of shield shell
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Fig.8 Influence of buried depth and shield tail length

on the deformation and stress of shield shell
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