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Physical model tests on stability of shield tunnel face in saturated gravel stratum

. L 1,2 2 2 3,4 1,2
LU Xi-lin"“, ZENG Sheng”, WANG Yuan-peng~, MA Shao-kun™", HUANG Mao-song
(1. Key Laboratory of Geotechnical and Underground Engineering of Ministry of Education, Tongji University, Shanghai 200092, China;

2. Department of Geotechnical Engineering, Tongji University, Shanghai 200092,China; 3.College of Civil Engineering and Architecture,
Guangxi University, Nanning 530004, China; 4.Key Laboratory of Disaster Prevention and Structural Safety, Guangxi University, Nanning
530004, China)

Abstract: To detect the stability of tunnel face with different depth in saturated gravel stratum, three reduced scale model tests
were conducted, and the progressive failure process under insufficient support pressure was explored. According to the particle
analysis, loosens of particle contact and the initiation and closure of crack were investigated, the results indicate that delayed
deformation occurs and it can be weakened by decreasing the tunnel depth. Based on the PIV analysis, the failure mode of
tunnel face is obtained, it shows a combination mode of a sliding wedge and an overlying silo, and the inclination of sliding
wedge is about 45° +¢/2. Due to the delayed deformation of soil in silo, a sudden collapse mode of tunnel face may occur. In

order to produce a precise prediction of limit support pressure, a modified wedge model is proposed, and the obtained results

compare well with test results.
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Fig. 1 Scaled tunnel model apparatus for saturated gravel stratum
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Fig. 2 Grain-size distribution curves

FE C MEMER D EE /D 43515 0.5, 1.0, 2.0,
RIGE RN JESEAAE, (RRFF2 S 2
W, RIS, EERME )RR AT
TREEREEE, BER 15 cm; LR RE T
JEKIERT TGRSR, HEE 1 h B REALRES . 228
LRI %, SRl 23 Bk NFRES, Jashepl
THERE (B 1) SR H AR T e ARZS, #H
FEFZIHEI LA 0.025 mm/min [¥138 5 )3 25 AR 5 182 3))
RIGIE R, B RO AR B 1] ) B R 2
W, T2 IE ] 15 mm 45 FR K .

2 HEBNRIEEER S
2.1 XIPEHITRERE

FEPATH S Atk 2 & 3 pow, AR R
3 N BG: BEL BB RN (RS /
BEE EAE D /N 1.5%), 37K JT LB AR L 2R PEBERE
£ 025 Kk BB, SRR T R &
ME, ZJEREE, BEIEEIR: BB =B B R )
FANEE, IBRIIRIRG . PR S sh 2 R
R KR B R A 5h 51 R N 1 98 AE S B

1.00
0.75 é

o = -
& | il
£ 0504

o XHUEITIH(CID=0.5)
o PRI H(CID=1.0)
A RS H(CID=2.0)

0.25

0 ) 1 6 8
1%
3 FHEE P EALLRE BT LTI

Fig. 3 Supprot pressure ratio versus displacement of tunnel face
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Flg. 4 Evolution of failure zone when C/D =1.0
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Fig. 5 Extension of failure zone to earth surface when C/D=0.5
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Fig. 6 Displacement fields of tunnel face
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Fig. 7 Inclination angles of wedge when 6=9 mm

8/D=6% 8/D=6%

0.4 -

03

PIP,

0.2

0.1 1 1 1 ]
0 0.5 1.0 1.5 2.0 2.5

cIp
8 IILERGINIMLERIILL

Fig. 8 Comparison between theoretical results and experiments
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