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Permeability characteristics of filter cake and pressure transfer on face
during slurry shield tunnelling
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Design Research Institute Co., Ltd., Nanjing 210096, China)

Abstract: The slurry pressure can be transferred to the soil skeleton of the tunnel face through the filter cake and becomes the
effective stress, which therefore is important for the tunnel face during slurry shield tunnelling. From the laboratory infiltration
tests, three key factors affecting the formation of filter cake are discussed: the hydraulic gradient on the tunnel face, the sand
content of slurry and the soil particle size. A lower hydraulic gradient leads to longer time of filter cake formation. A filter cake
is more easily formed for the fine sand than the medium and coarse sand, but the filter cake is easily damaged. Although a filter
cake is harder to be formed for the medium and coarse sand, the slurry-infiltrated zone is thicker and thus is more significant for
the stability of the tunnel face. The permeability coefficient of the filter cake is more than 100 times lower than that of the
slurry-infiltrated soil. The permeability coefficient of the filter cake is less than 10" m/s, while that of the slurry-infiltrated soil
is between 107~10" m/s. A lower permeability coefficient of the filter cake or slurry-infiltrated zone leads to a smaller
distribution zone and a higher decrease rate of the excess pore pressure. When the slurry is mixed with sand, the slurry
infiltration rate is higher than that of the clean slurry. The permeability coefficient of the slurry-infiltrated zone increases with

the increasing slurry density, and the decrease rate of the excess pore pressure decreases with the increasing slurry density.

Key words: slurry shield; filter cake; slurry-infiltrated zone; hydraulic gradient; soil particle size; pressure transfer
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Table 1 Mineral contents of bentonite

Rl %y TEY%
Alz.oFeo.04H2Ko.86Mgo.06Nao.1012S13 22
Nao.499Cao.491( Al1.488S12.50605) 19
Nao9K3.46Caz.52Al15.9S156.10144(H20) 44 68 15
Al3CaH10KO17Si3 14
SiO2 11
AlSi4010(OH) 10
Al2(Si205)(OH)4 9
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Table 2 Physical properties of three types of sand

RO Hifz/ AHRT 2/ LB BiE R
R mm % B (m's™)
M <0.5 90 0.67 0.0017
Ry 0.5~1 90 0.69 0.0276
FHLRD 1~2 90 0.69 0.0570
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Fig. 2 Scheme of set-up for infiltration tests
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Fig. 3 Procedure for sampling slurry-infiltrated sand
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Fig. 4 Infiltration velocity curves for different types of sand and
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Fig. 6 Infiltration velocity curves for water-bentonite-sand slurries
with different densities
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Table 3 Thicknesses of slurry-infiltrated soil for various tests

VeSS S
(g'Lh Yliwp b FHAS
40 X X X
50 O X X
60 O X X
70 O O x

T OFRRHPRBICHL, TR TP .
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Table 4 Final infiltration distances for various tests H.{ii: cm

Te I/ AR
(g'L™h 4t i 1
40 5 32 35
50 3.5 30 35
60 2.5 23 35
70 1.5 17 33
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Fig. 15 Change of slurry pressure and pore pressure along depth
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Fig. 16 Change of slurry pressure and pore pressure along depth
for slurry with sand
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