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Model test research on excavation face stability
of slurry balanced shield in permeable sand layers

1.2 .
LIU Quan-wei"?, YANG Zhong-nian’
(1. School of Civil Engineering, Beijing Jiaotong University, Beijing 100044, China; 2. Qingdao Municipal Project Management Office, Qingdao, Shandong
266100, China; 3.College of Environmental Science and Engineering, Ocean University of China, Qingdao, Shandong 266100, China)

Abstract: In slurry balanced shield tunneling, how to ensure the safety of construction and to reduce the influence on the
environment has arisen wide attention of scholars both at home and abroad. But now it is still in the stage of experience as to the
instability mechanism of the slurry shield tunneling excavation and its stability analysis, especially to research on instability
mechanism, judgment methods and calculation methods for the complex stratum cases. Regarding the excavation face in slurry
balanced shield of the high permeable sand layers as research object, large-diameter modeling test are adopted to do systematical
research on the excavation face instability features when properties of sand body and water head heights are different. The results
show that: the ground settlement exits hysteresis effect, because it exists soil-arching effect at the same time of the excavation face
active failure in the slurry balanced shield tunneling; the development mode of the excavation face active failure in the sandy stratum
can be divided into three parts: anhydrous mode, lower water head mode and higher water head mode; it will induce excess pore
water pressure during the slurry cake forming and the supporting force imposing; so that excess pore water pressure should be
considered in process of the selection of supporting force. This research work has an important guiding sense to the stability of
excavation face in the slurry balanced shield tunneling.

Key words: slurry balanced shield; sand body; active failure; instability developing model; soil arching

PREEIAE I, AER AT R O 42 T REUE M AT 2

1 51 5 B M4 ) Ay L S M P s e 1

M 3 AV R T AR FH 2 Ay T 5 4% [ g ke i i
NS BRI PG 3 KA LI AN D i Il
EROVAE S S T W] R LA R ) L2k 42, K
ELAREFIBEIE AR R AT BRI RIS T8 K e 1) T 207
i) 2 L1 B i E R AR RS R 1
T RASA AR 2 —, Gyl e T3 Ao il

Wk H Y. 2014-03-31

B )

OV AR 2 2280 JE R A I RAS R TT T
Chambon 2505 B 0B B kb + )2 TS
S 1Bk, BT RIBRR S Dl N T2 10 1)
IR, FRHBEAE SRS, BRI N AE
o ThT,  ARBR B /NS RN SRR R A

BAEERIA: XRYE, B, 1977 R4, TEAESUAE, REENGIRRE ST TR MBI TAE. E-mail: 598552631@qq.com



2256 b +

2014 4F

Atkinson 25N T BLOVEANR G, BIFFT T PN AR 4
PE U b JCAT AR A AR SR R AR B S )
Jil /N S P o B ORI TR L BRI T
PO SIS R Lee IR 4B oAy
WFST T Zh - T AT W% 8 1 S 7 g B A= HEROR )
A, i N 0] JE R T T AR S T ) R
HAEEE Y REHSTEHIT 28 sk T
J& T BRGS0 AR H Toyoura #0154,
BRI AR 5 m BRI A 2 F 4 m IS 0L R
RAA BN IR (8 AR T DL TR TS D)

P JE ARSI 1N RSHBERR S (AR 0.2~
0.3 m) & T YRk P4 & A 70 o b b s S
B3 2 SOVR TN B MR 5T T 5
BIAZI KB FHAZ AR e YR md,  JEik
AT HE AN T IR ST R RO AR
I m [PJEMIER, BF5CT TR0 R E AR R TR
JEMTTFAZ AL P ). 25 LR, AR %
N ESONURE:,  H B TR AT 7 AR )R
AL HEAT WL o KR ST B RO R B AR S 58,
F5 AL L AN RE S e MERIHL B B ALE R, (HARYS
TR BRIE DL, SRAE T TL S B AR DL LU I A A 2
[ FE T DA G TR i A Rk 2URF 7 H 1, HAk
I ARAR B, RS THEdl, s b TR
Wi TR T B (HIX T AT T ikiE R >

ARCEEA PR KATREIE TRE, S sng K i
b 2K EAR YRRV A S R T2 T R A AR rh 3R
BEvl. TARSREE . JFEIH /K bR SR KRG s )45
AR AT AR IS 8 I R Ve KA P R
FHZTE K LR A Eas, W2 A
TR AR KA P R RT 7K S LR oAt
FUR RS Do KR &5 SR JE Ak S AT 7T
T, B TYAKAE T FFHZHIK. LRI RASH
BHE CE R, AKkmEE Yo LR AR
ESNEINIPT

2 I

2.1 MBERGHHERAE

AR SR SR T A S BE T 2 FRIY8 7K T4 T R i
K RGEHAT . WA AT YT R R AL
KA RG KA RS WK RS 4k, H
PRATE WL 1,

FR s A ABL Ll v 51 21 (S B AR RSF 5t i
2 om JEANIBEBE MR, HH = AN BeE T
) AN ] AR, AR A R RIS o JE F A
R AT AN RS A S X NS ) AR, AR

180

$50

150

B1 RERAAREE CEAL: em)

Fig.1 Sketch of experiment system(unit: cm)

JERIPLEAR R 50 em. SIS = N el bRt
FCARIAR e, AR ) & SR8 HEA %,
REHHAEY 5 REME.

VRGN R e AN R R 4 & iR AL, 1A
JE = W A o T EE 5 A R [ B LB i B U I eR
AR R R TR, Bl i
WA E . FIR, 8RR e AL TR )
ENAIEE StZARliRT

IRIG MR R G AL AR FUR A gLl LIS
AR . YY-2B RFLBR K R it
GECO-16A % B E i RS, REIHENS S
PENAS I RAE s HbZR AR R SR ks P OGN
PEASCEEAT W o 76 PE S BAUTFA2 TR 2T 3 em 2247 1)
R P AL B RS, IR Ak
(1) 1 i ) RFLBR K e ) At o, BoARA e an el 2
FiR o [, ZEJRKAE P A A7 B A e — AN 0
FH - AR e () AR A

TR R FH =R O E I BEASGEAT T R B 1)
RERS IR, FEABE 5 AR 28 AN A5, I
ST 3 R
22 RARTH

ARYARKR T PR DR A b 2, 3L
AR A B M, URORIARAE 0.5~2 mm 2
H], TSI 80%, RN 35° , RN
0.7 kPa; A4 LA ra st KT BRI A 4100 1 22 2 1E A
FEHERL A, BRI/ T 0.5 mm, (5 B 95%
DAL, PEESE AR 28.7° , BhER 1M 18.7kPa, T
4 MK 1 JioRe
2.3 RETE

ARG, USR] oL T2 3 5)
TR IR SRR BRI O, AR 0 St A0 R4 F

(D ALK . e ALBUKE )5 T4
RS T4, BT IFZI 3 em b



%8

HSRYESE: PesK VT o A T2 AR e PR AR BT T 2257

_

(a) PR (b) A
| 50 cm |
| ) |

Toue
/'/ \\
| _ 501 . \
503(@¢ 3 = o 45 o @506
{ 2 e J
/
'/
k\\, 5 =
o g >
o L& ‘_50‘?

(c) BfmR &

B2 R
Fig.2 The layout of sensors

[ J [ [ J ® 5
g
o e ° [ J ® 4
5-
[ J o= E @ @3
2 20 cm
g
[ J o °5 z 2
-——-N ----- o
| &
[ J I. g .I 1
E D & Bl 4
! !

B3 RBN A
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active failure under different water heads
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Fig.6 Time-history curves of excess pore water pressure
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