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Laboratory test and characteristic of filter film formation of slurry shield in
medium-coarse sand stratum in Fuzhou

YE Weitao', WANG Jingyu’, FU Longlong®, ZHOU Shunhua®, NING Jiwei?
(1. Key Laboratory of Road and Traffic Engineering of Ministry of Education, Tongji University, Shanghai 201804, China;
2. CCCC Tunnel Engineering Co., Ltd., Beijing 100102, China)

Abstract: The matching of slurry to stratum is the key factor to maintain the stability of the excavation face in
tunnel construction using the slurry balance shield. The tunnel project in Fuzhou, where slurry balance shield was
driven in medium-coarse sand, was investigated with the laboratory tests to explore the influence of constituents
on slurry property. The influence of slurry properties including slurry relative density, viscosity and sand factor on
the forming of filter film under different slurry pressures was analyzed. The final unit water filtration was found to
decrease firstly and then increase with the slurry relative density increasing. The final unit water filtration
decreases as the slurry viscosity increases. The viscosity has less influence on the final unit water filtration than
the slurry relative density does. The final unit water filtration decreases firstly and increases later with increasing
the sand content in slurry. When the sand content is between 10% and 16%, the final unit water filtration in the
tests is the smallest with a well-formed filter film. When the local mucky soil is taken as a component of slurry,
the suitable slurry relative density which matches the medium-coarse sand stratum is in the range 1.12 to 1.18 and
the viscosity is in the range 26 to 30 seconds.
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Fig.1 Strata profile of shield tunneling construction in Fuzhou
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Table 1 Parameters of medium-coarse sand stratum in
Fuzhou
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Table 2 Slurry parameters from existing experiments and engineering
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Fig.2 Relationships between slurry viscosity and standing time
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Fig.3 Test apparatus of slurry infiltration in slurry shield
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Fig.4 Grading curve of medium-coarse sand from Fuzhou

FPRA R IR 2K SO RE I MR . Kk 3
FFEEE 2 AL 4 KPR R 16 kS, [FIR,
Rl a W E 1 i et ileg, wak
PERES ZHMRKNER, WNFR 4 . BHIRAE
AU 74 0.1 MPa N—2¢, 738 4 NKF. [AI,
TEVR AL E H, Je IR X % BT iR = #3175 £0.01,
RHBEREEHELL s, HHIVEELKRE<4
cm/(30 min),

T4 DLV SAH R B AN B 7 R s Ty 224y 21
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Table 5 Testing program under different sand contents
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A5 e oorsmmyfEsg g Mg Big %
18 100 500 0 0.3 1000 0.0
19 100 400 80 0.4 1000 53
20 100 360 150 0.6 1000 9.8
21 100 300 260 05 1000 16.1
22 100 230 350 05 1000 218
23 100 200 400 06 1000 26.8

viscosities
N A RS %gﬁ W%gii s Ko
1 1.05 18 60 125 06 1000
2 1.05 22 60 100 10 1000
3 1.05 26 60 120 22 1000
4 1.05 30 60 125 32 1000
5 112 18 80 550 03 1000
6 112 22 80 450 04 1000
7 112 26 80 480 26 1000
8 112 30 80 460 30 1000
9 118 18 80 700 01 1000
10 118 22 80 850 03 1000
1 118 26 80 800 08 1000
12 118 30 80 700 13 1000
13 125 18 100 1000 00 1000
14 125 22 100 1100 03 1000
15 125 26 100 980 08 1000
16 125 30 100 1160 11 1000
17 109 28 200 0 00 1000
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Fig.5 Time curves of unit water filtration under different slurry densities and viscosities
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Fig.7 Final unit water filtration of group 1 - 16 after
laboratory experiments
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Table 6 Fitting parameters of final unit water filtration under different pressures
EJiIMPa  poo P1o Po1 P20 pu Po2 P3o P21 P12 R?
0.1 5471 —13 640 —13.4 11 340 19.52 0.094 4 —3142 —7.0620 —0.0782 0.9439
0.2 6 483 —16 390 —7.026 13850 5.761 0.162 1 —3908 0.044 6 —0.1379 0.9349
0.3 6795 —17 160 —7.591 14490 5.631 0.184 2 —4083 0.362 1 —0.1528 0.9418
0.4 6520 —16 440 —5.279 13900 —1.432 0.2449 —3930 44740 —0.200 0 0.959 4
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Fig.8 Regression analysis curves of final unit water filtration
under different slurry densities and viscosities
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Fig.9 Comparison of unit water filtrations of bentonite
slurry group and multiple ingredients slurry groups
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Fig.10 Thickness of filter film in experiments under different

slurry densities
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Table 7  Filter film formation under different slurry densities

PRI AT B RIS W B Imm BB R /mm
1.05 TR ~BE 1 15
1.12 TR ~BE 2 5
1.18 TR ~BE 4 3
1.25 Ve 6 0
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Fig.11 Time curves of unit water filtration under different
sand contents
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Table 8 Standing time of slurry

WSS (B — M DR E 10 s, NIRUEVR IR AEAHAR
P68 2% R IRF 8] ) B 2[R RE A% T2 A i (e i, T4
T ) 7E 0.5~1.0 rpm Y[ .

MR JE M T EE . 2R RS R (UK 6)
PR e /K B (UL 7 A 1020, mT LLGA s
HOR R Z (PR R BC H ) 5 %6, a0k 10 B

F 10 HFOHHED HhZE PR R E R T &
Table 10 Proposed slurry for medium-coarse sand stratum

VAR g JOK R

W S K k(em - VR
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RIS B I 8] /d
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e M e K S R4 R P T AR G 26 X B, 3L 6
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Table 9 Time interval between two times of destruction of
filter film
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rpm i [El/s FRT R [ 6] B/
03 200 333
05 120 20.0
08 75 125
ST 1.0 60 10.0
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A4 5% 1A 60° 15 40 6.7
2.0 30 5.0
25 24 4.0
3.0 20 33
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