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Experimental study on excavation-seepage stability for shallow shield tunnel
in sandy ground with clay
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Abstract; In view of the stability of shallow shield tunnel excavation under seepage conditions in sandy ground with
clay, a test equipment was designed and established, which mainly consists of model box, water circulation system,
shield tunnel and excavation face model, saturated stratum model, and measurement system. Based on model tests,
the ground settlement, saturated earth pressure, and pore water pressure in front of the tunnel were measured in the
process of gradual instability of the tunnel face. Results show that under the seepage condition, the pore water
pressure in front of the tunnel face increased with the increase of the clay content in soil and the volume loss of the
tunnel face. Seepage could evidently increase the limit effective earth pressure at the tunnel face. The limit
effective earth pressure increased linearly with the increase of clay-sand ratio. The limit collapse range of the soil
was mainly dependent on the rupture angle in front and rear of the tunnel face and the transverse rupture angle, in
which the rear rupture angle was not much affected by the clay content in soil and seepage. Under the condition of
no seepage, the limit collapse range of the soil increased with the increase of clay-sand ratio, while under the
condition of seepage, the limit collapse range of the soil decreased with the increase of clay-sand ratio. The
research results improved the understanding of the stability of shallow shield tunnel excavation under seepage
conditions in sandy ground with clay, which can provide reference for practical engineering and limit analysis of
stability.
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Tab.1 Material parameters
Fi-tblm/m,  THEpy/(grem™) LB e  BERPA (emes™)  FPEEHE E/MPa AFEEA o/ (°) BRI o/kPa
0 1.76 0.68 27.0 37 0
0.1 1.80 0.49 23.0 33 0.1
0.2 1.84 0.48 2.1x107* 13.3 31 0.2

T AN MR IR 5 1 5 2R A7) R 507 0k (AN 9 S5 B P B 15 5 5 o S RNV SO T ) 45 380 7 e S AE 7 - A ) — 30

AR G0 A T B D A2 T A ) A R
+E & (B 100 kPa, K5 % 0. 1 kPa)  JF4%H Al
J7 W2 FLBK R J7 B9 3 88 IR (R 15 kPa, f
J&0.075 kPa) | HbJZ A5 78 P O I8 A B56 D R 46 (it
2200 mm REEE 3 wm) | Hb 2R 3 TR 0 151 75
LA (LVDT, 872 100 mm, K555 0. 1 mm) DL S AH
L AR B SR AR R BRI o
1.2 AR

WK1 AR 2 fros, BRI MR M bS8 EAR D 1Y
2 8. EMANFEIRHLE R -AP L, JF R T R A2 - M
FAARTIK KL 22 (A/D) 43501 0.1 F1 1. 67 LUK FE-1h
e (m,/m) 53524 0.0. 1 1 0.2 AR AR

Tab.2 Model test parameters

REHS RBFS  MxbkkzA/D BB m/m,
A1t 0 0
A4 A2 0 0.1
A3 0 0.2
B-1t1 1 0
B 4 B-2 1 0.1
B-3 1 0.2
c-1 0 0
caqtm c2 1 0
C-3 1.67 0
D-1 0 0.1
D4 D2 1 0.1
D3 1.67 0.1

PR, AEREI R A KA 5 MK A7
ZAHAEBEAN IR o B AR, Wi S sh g A il
THZE S R E L 1 5% 80, 20 1 mm (B3 R
b 0.1 mm/s) Bita) 53 60 mm,

2 RKBEREG M

2.1 HFigEMSRFEZEERBRXBZM

2 N SCAPARAL RS N L R TR R, Herp o
FORMRTUFE. PTLAE ), MR DTRE BT 42 1 52
SRR RS (BT 42 T AR AR 2% ) 384 R SE 42 18 1 K
Je BRI TR, 6 IO T T4 T T MR S AR R S
W R ZEA IR TR

6/D
0 0.02 0.04 0.06 0.08 0.10 0.12 0.14

-0.01f

-0.02}

-0.03f

v/D

-0.04f
——iR% A-1

-0.05F —o—iRWH A2
—o— AL A3
——iR5 B-1
-0.07} —e—ikk B-2
—a—iR% B3

-0.06}

-0.08%

B2 FEEZPRABITRITEAIE(A )
Fig.2 Influence of support plate displacement at tunnel face on
ground face settlement ( point A)
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Fig.3 Limit collapse range of soil in central longitudinal plane (y =0) and transverse plane (x =34 cm) of tunnel model

x3 BEHBEENKRIEHEARA
Tab.3 Rupture angles of collapsed soil in shield tunnel model(°)
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