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Stability investigation during shield tunneling in soft soil
by model test

ZHANG Zixin**, LI Xiaochang®, LI Jiayu®
(a. College of Civil Engineering; b. Key Laboratory of Geotechnical & Underground Engineering of Ministry of
Education, Tongji University, Shanghai 200092, P. R. China)

Abstract: In order to investigate general stability during shield tunneling in soft soil stratum, a TJ-TBM2015
multi-functional micro-tunneling test platform is developed independently. The shield shell diameter is changed
to simulate the ground loss. By using the dynamic control system, the micro-tunneling boring machine can
realize the continuous dynamic mechanical excavation. Based on the test platform, three tests of shield tunneling
under different tunnelling conditions are carried out, including no overloading, local overloading and tunneling
near the pile group foundation. The surface subsidence and stress variety around tunnel are monitored by
transducer to investigate the general stability of different tests, which further give the comparison and discussion
on the different test results. The results show that the soil within the one diameter of the tunnel center is greatly
affected by tunneling; the influence of local overloading on soil stability is limited, but local overloading may
increase the surface settlement; pile group foundation plays a certain role in strengthening and isolating the
stratum.
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Fig. 14 The surface longitudinal settlement curve of test C1
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Fig. 23 The vertical stress increment in arch waist of test C2
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Fig. 29 The vertical stress increment in arch waist of test C3
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completion of excavation of the three tests

Sk T IR AT b A B b 2 TR R ) R R R
DU E M A7 o AL B AN 32 i s o T 341
T 67 % 0% A 000 4 I R AR At 45 48, JC i 49 Ak Ak
PG DRI S TLF A . M2 T, 22 2B i
R LR B R B 1 22 01 C2 A 36 7 7 M 36
e, M UTRE H C 120K 5 C3 4 36 77 A6 B bk L il
AL B T — 0 [ R S AR AR X TR L C1 4
ZN

00

- 02}

B 0.4

Soef

T

g 08 /./

ol =

&

812 —=—C14l

4L —e— C241: ML

= . C3ZLAFHESL Al
25 20 -15 -10 05 00 05 10 15 20 25

T A SRR v O S R LA
E 32 TEHRWEMRITEE
Fig. 32 Comparison of dimensionless surface settlement

trough

bR 2 B AT DA M, B R G it T AR
i) £ A, B A L Aty X R b 2 A B T R R
R 25 A, (BN TR S IR e M B L 36 W XS 4y
M % 38 it T %ok G R ST A T R 5 A B R B R
Ll Ry WP S5 4 HL 32 3 5 4% 1 BR i O A X5 B A 45
¥4 52 SR AT W0 43 B, 78 SE PR TR 224 o R 2 7S 4 1
Aiti 00 % T BT T R 5 A A2 B G T E 52 e IR
15 0 HE AT B T B 2 18 R s s A R 6 R LR 4
TG, D A 4 TR 2 R 1 R AR 1

&l 33 3 2H i 16 1 42 58 BT HE I P 0 18 1)+
R84k . AR 2 R G 22 5,00 C1 AT C2 P 2H 25
WEMA K., S5 G b R R E) (GB
50007—201 )"k K SCRRT19], 3158 1 3 28 06 1% ek
A TR BE 1 12 7 A BRI sz 7, 255 R 0. 75 kPa,
AR JECIR R 1 890, 6 90, it = A N 77 F 43 A1 Y 5 T
JEAK ., C3IHRE LS R Cl4lA oo Ak,



50

R Exz A

F]OF & ) % 46 %

B 3 PN A ) s T AR A R AR A Y
PRIEIR B ) B9 1509 Ze 7 o Ze MIAAT Fi 5 30T BE 18 1Y
I A2 A I 3k 2 ol T PR i 1 BRI A L
5 3 7 0 A BE T B A 1) A 20

| L& rm
i = VI H 100

0.0 ' H L L T
-60 -50 -40 -30 20 -10 O 10 20 30 40 50 60
W A BRI O R /em

‘1D

02D "“ﬁ 0D 1D 2D
i =
& i | : .14 Lo
< a0f | | ! —e— COULHE R R
1 i i i —— C3ULEREIER | o B
E 1 | | I 1 H
5 3.0 l | BEESLG A ! a-
1 1 4 1 Vo 1 =
1 i ] i | 1 a0 &
F20r | i \ | i =
= | 1 1 A 1 |
Y A \ |
T Wi ' i ‘20]4‘4
&
o

B33 ZHARBAZEREHERNERDLENATK
Fig. 33 The vertical stress increment in arch waist after

completion of excavation of the three tests

Bl 34 2 341 5 58 W5 b 38 OE KO £ R
J17E4k AT LUE 1 3 A g B s R A 2 L. C2.C3
ZH HT I 5 W DA /N F C1 4L, 5 A AT e 2 28 A
A JE Al (0 77 76 BR A T R MK S B 19 & |, 3F 1T
BRI T A5 ) 9 2 T T A A . N H1~H5 i W
Bl K F B IT 3251 B HETR -y £ A OK R
oA B AR R R BE B RE G PG LD YN 7E
T Z AN, AR R T 1 AR A AR /N

—a—C141
—o— AL
—he— C3ZHREHERL T

kg fL‘)E'JHE.‘%’S/cm ,

0% N2 i

" s " L L )
00 05 1.0 15 20 25 30

IR s /kPa
34 3ARBAEETHEHRTKELENTL
Fig. 34 The change of horizontal earth pressure above the

vault of the three tests after completion of excavation
AN
4 ZEig

B0t Hb 2 5 R B G B G R Az 0 AR B
), § EWF & T TI-TBM2015 £ 3 fig i3 8 & A AL
% 8 48 00T & T TSR AR & AR
5 IR AT TR 45 A Xt i, BB

1)l 3 30 56 48 7 T B 3 A ) % n) g g AR
A AHETI b 5 7K B T AR A R IR T TF 42 5k Y
- PR R Ay kAR A R R R A L 1S AR
LN o N TR 7 23000 45 5 2 I, L M V9 i) - 7k 1t
i) W 7 RT3k JEOIR W F7 8 125 % ~155 % ; i #E 5 7K S

s
Ny 0 3R U SR B AR L BCRR E L O DR N ) Y
1160 ~120% , JL-F- A 52 8 R0 AR AR JE Al £ 52 1)

2) L A3 RV T Ak 5 it X B T 42 51 R B4 T e
(9 5 Wi 2 Jm P ) o 2R 2 i AL T A 7 R O Y
b, 2 TR 1 A, HEATE B Al ) b 2R B T — A o [
o B A P A0 5 BRI 1) 3B 3R LR AT BT i/ . 22
i JC R A A BRS AT e B, A o DT AR S B L
58 4 — B ML T 20 000 U Py~ 48R R A 2 i
A7 TE , DLRREAEL 3 50 AT — 2 B384 ORI o 4l
JEE 23 52 0 41 TUUT R 4 2F o 8 AR T IR e R S T
AR {E B A

3) ik T 1 A b 00 A 15 ) ) R AR
At O AT, 150 SR FH 4 Jay 0 4t 9 8 20 A 7 g
oA A5 BN 3 R PR O A I P A TR
2 A 1 BREINSE AR /0 DR I R e AR AR
THE A L Tk A 68 7S 30 5 4 9 B B P T e R AR Y B
HL 3 A R AR T A - B 2 A AN B Y A R
fil X & 3 7 — 0 - AR g B A B R A AN R

£ & Uk

[ 1] 0 BT 22 RUBE S0 BT 10 i 4 v ik T 40 F 4 i A 4 1Ak
PLSHHLEE S TR RS (D). L [ B e, 2016.
LIU C. Disturbance mechanism and application of the
whole shield driving process based on multi scale
approach [D]. Shanghai: Tongji University, 2016. (in
Chinese)

XU, e R AL vk g (M. JE 5t b [ 2R IE W
#t, 1991.

LIU J H, HOU X Y. Shield driven tunnel [M]. Beijing:
China Railway Publishing House, 1991. (in Chinese)
CHEN R P, LI J, KONG L G, et al. Experimental

study on face instability of shield tunnel in sand [J].

(2]

[3]

Tunnelling and Underground Space Technology, 2013,
33(1): 12-21.
MEGUID M A, SAADA O, NUNES M A, et al.

Physical modeling of tunnels in soft ground: A review

(4]

[J]. Tunnelling and Underground Space Technology,
2008, 23(2): 185-198.
[5] STERPI D, CIVIDINI A, SAKURAI A, et
Laboratory model tests and numerical analysis of shallow
[C]//Proceedings  of  the
Symposium on Eurcok * 96 -ISRM, Torino, vol. 1.
Rotterdam: Balkema, 1996: 689-696.

KAMATA H, MASHIMO H. Centrifuge model test of

al.

tunnels International

[6]
tunnel face reinforcement by bolting [J]. Tunnelling and
Underground Space Technology, 2003, 18(2/3):

205-212.

LEECJ, WUBR, CHEN H T, et al. Tunnel stability

and arching effects during tunneling in soft clayey soil [J].

(7]



% 34

KT, R 2 B R MRS LR R AR K e AT R 51

[10]

[11]

Tunnelling and Underground Space Technology, 2006,
21(2): 119-132.

IDINGER G, AKLIK P, WU W, et al. Centrifuge
model test on the face stability of shallow tunnel [J].
Acta Geotechnica, 2011, 6(2): 105-117.

YOAESC, sk . BD O A 3 )2 R ) A A T2
THT A A % 408 30T 22 0 400 5 e A L K e B SR L. 2 A 0 2
5 TR, 2013, 32(12): 2506-2512.

FAN Z W, ZHANG Z X. Model test of excavation face
stability of epb shield in sandy cobble ground and
adjacent building effect [J]. Chinese Journal of Rock
Mechanics and Engineering, 2013, 32(12): 2506-2512.
(in Chinese)

VR, RN, R, ARG AL o I T T R R 25
JE T Be DLl s A g (0], 4 1 TR 24, 2020, 42
(5): 864-872.

RUI R, HE Q, CHEN C, et al. Model tests on earth
pressure and settlement of shield tunnel crossing adjacent
underground retaining structures [J]. Chinese Journal of
Geotechnical Engineering, 2020, 42(5): 864-872. (in
Chinese)

KEE, THE, fHA . -RE G 1R G RS E T2
T R A5 AR G 5 W R S AP TR iP5 (7). o b AR o
iz, 2020, 42(12): 2206-2214.

SONG Y, WANG W Y, DU C S. Model tests on
stability and ultimate support pressure of shield tunnel in
sand-gravel composite stratum [J]. Chinese Journal of
Geotechnical Engineering, 2020, 42(12): 2206-2214. (in
Chinese)

BT, Mg R, B, AR L RATORE B BR GE ) HE
RO S 5 BUE AL PLT]. A = TR a4, 2021, 43(9):
1666-1674.

ZAN W B, LAIJ X, QIU J L, et al. Experiments and
numerical simulations on pressure-arch effect for a tunnel
in loose deposits [J]. Chinese Journal of Geotechnical
Engineering, 2021, 43(9): 1666-1674. (in Chinese)
by, FBRETE, W, S BT @ W 4 0y B T2
o Pk = T AL R I W Y K T LD A R AR
4, 2021, 43(10): 1798-1806, 1958.

MA S K, WEI R K, SHAO Y, et al. 3D visual model
tests on stability of tunnel excavation surface based on

transparent soil [J]. Chinese Journal of Geotechnical

[14]

[15]

(16]

[17]

(18]

(19]

Engineering, 2021, 43(10): 1798-1806, 1958. (in
Chinese)
BRAN, AR, BRI, A5 . G R BRGNS ) T0UAE il T =

PR SR AT T[], A TR 2R, 2022, 44(1): 62-71.
WEI G, HAO W, WEI X J, et al. Indoor model tests
on the construction of vertical pipe jacking in shield
tunnel [J]. Chinese Journal of Geotechnical Engineering,
2022, 44(1): 62-71. (in Chinese)

TR, AR, W, L —FPRRE R R AR Z )
REAR IR B0 2R 4 : CN102235942A [P, 2011-11-09.
ZHANG Z X, SHI Z M, HUANG X, et al. A multi-

functional model test system for tunnel and underground

engineering: CN102235942A [P].  2011-11-09. (in
Chinese)
RyLE, AWM . H UL ]38 =0 Kk T 5L

PR THLAAL , 2007, 24(6): 44-46.

SONG K Z, WANG B F. Common types of shield
cutter wheel and selection [J]. Road Machinery &
Construction Mechanization, 2007, 24(6): 44-46. (in
Chinese)

FA, EER, EF A, 55 B LR T 6 5 A BT
FFF 1R HE R0 52 mm [T] o E TR AL A
2014, 12(3): 204-207.

WANG SJ, WANG X K, WANG JY, et al. Impact of
cutter-head aperture ratio on dumping rate for miniature
earth pressure balance shield tunneling machines [J].
Chinese Journal of Construction Machinery, 2014, 12
(3): 204-207. (in Chinese)

S L SR 1 1T AL : GB 50007—2011 [S]. dbat:
FE ) e, 2012.

Code for design of building foundation: GB 50007—2011
[S]. Beijing: China Planning Press, 2012. (in Chinese)
ke, BAEE, FARLL, F TR YR 6
4 MR 7 36 B9 AR T[T 3L B R 27 22 4, 2007, 19(2):
103-104, 110.

ZHANG X F, LU Z Z, JIANG J H, et al. Method of
expansion angle choosing of subgrade pressure [J].
Journal of Shenyang University, 2007, 19(2): 103-104,
110. (in Chinese)

(3 T H%)



