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Optimization of Soil Layer Reinforcement
Range in Deep Soft Soil Stratum Shield Cut-
ter Replacement Zone

LIU Peiyu, GOU Xuedeng, YANG Chen, WANG
Jiyun, LU Shengzhong, MO Linfei, LI Chao,
ZHANG Jiawen

Abstract Cutter head wear occurs in metro shield tunnel
construction in city deep soft soil stratum. The cutter replace-
ment must be completed in the soil layer reinforcement zone in
front of tunnel face. To study the influence of shield cutter re-
placement on soil mass in front of tunnel face and to obtain rea-
sonable soil layer reinforcement range, 3D numerical model of

metro shield tunnel excavation in deep soft soil area is built u-

sing PLAXIS-3D finite element software, and the deformation
law of surrounding soil during shield cutter replacement is stud-
ied. On this basis, the optimal soil layer reinforcement range is
finally determined through comparative analysis by orthogonal
test method. The results show that during shield cutter replace-
ment, the shield tunnel surrounding soil is prone to large de-
formation, while the longitudinal one is the least, vertical one
the second and transverse one the most; tunnel maximum verti-
cal deformation is on tunnel top, the maximum transverse one
is near shield tunnel face, about 22 mm; vertical deformation
accumulates over time, the reduction of which requires rein-
forcement of cutter replacement zone surrounding soil mass;
with the increasing transverse reinforcement length, the soil
settlement decreases first then increases, and the soil layer
transverse optimal reinforcement length is 8 m; after determi-
ning the transverse optimal reinforcement length, with the in-
crease of longitudinal and vertical reinforcement length, the
vertical displacement of reinforced soil gradually increases, and
the longitudinal displacement decreases as the reinforcement
length increases, when the longitudinal reinforcement length is
increased to 10 m, the longitudinal displacement of ground sur-
face soil is only 0.2 mm; the optioptimal reinforcement range
shield cutter replacement zone soil layer is a 10.7 m ( longitu-
dinal) x 10.7 m (vertical) x 8.0 m (transverse) cuboid
zone.

Key words metro; shield cutter replacement; soil layer rein-
forcement range; deep soft soil layer
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Tab.1 Physical and mechanical parameters of soil mass in

deep soft soil stratum
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LlAsH m  (KN/m’)  kPa *) MPa
FSLEER 5 16.5 27.7 14.7 4.4
ik L 12 16.7 15.7 24.6 9.4
/STATYy B (e o 14.6 14.3 11.5 3.0
MRt 10 17.2 52.5 17.2 6.3
TRELRT 1 18.2 3.7 33.6 8.0
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Fig.1 Metro shield tunnel 3D numerical model

ML R b — A2 TE R A A A, A
Vi B B JEEPE TR B T AR 0 3 ~ 4 A5 A, FEA AT LYY
BRAIR A RSB S AR RSk 40 m x
40 m x40 m, LR Ao ARk b R0 8 TR 2 L
BOAHEAK LS, Hox TR R HEKGL 5, il 1
Fi7R B E AL RS 1 A WM 2 55 A x 1a) (A 1E]) Ly
o] (BTE) ) 2 ) (g g ) 25 3 A5 [ AN B 290 7
RIS P Tt 0 T 240 5, 7 JE R 425 T it o )
JEJ7 CED R )  BERSTRAE S ph i
2.3 [EYa#RTI3 B B e R R0

THZ A8 ) T 247 e T4 AR i,
A% 3 ) R R AARAE 2y x5 3 A5 1) B ARIE S K
e 2 s

H P81 2 TR R 5 T A A A8 g AR A
] IR RS RIVE T, e 2 ) di RUTRE & AR TR
FBEIE R IE 7, 3% J2 T 45 JT ]S A AL A
YERTN RAET IR BRI, + R+ )Z
TRPE RSN Tl /), 4 % R B AR T RE 2 0 2
mm, {EICFELY S 1 mm;y 6] e RO K AR TR 4
THZ T 7 DX, fie AL # ¢ A AR 2 7T oL A
L 7 BT 5 # /)N, 3 2 T T2 Ak Y
R G AN R A A5 R, R 2
22 mm,

L5 b AERS R AP R I TR AT x



vz [ R A e x RN, 2 IR, y [ dR
Ko THZMAL S EBORE y WA, T 2 10 R
L2 B[R] AN SR, 4 ) B A 3 2 4 i
FoRRE. P, Tiﬁﬁﬂﬂl%%‘*ﬁlﬁlﬂiﬁiﬂéi

b) y M
B2 G TR E R R AT =

Fig.2 Nephogram of surrounding soil deformation during shield cutter replacement
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Fig.3 Relation curve of ground maximum displacement and y-direction reinforcement length
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Fig.4 Relation curve of ground maximum displacement and x-direction reinforcement length
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Fig.5 Displacement diagram of soil mass nodes with different y-direction reinforcement lengths
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Fig.6 Displacement diagram of soil mass nodes with different x-direction reinforcement lengths
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