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Abstract

With the widespread application of large-diameter slurry shields in complex geological environ-
ments, the stability of slurry membrane formation in soft-hard interbedded sandy-clay composite
strata has become a critical technical challenge for maintaining excavation face support. The pro-
nounced heterogeneity of such strata leads to fundamental differences in slurry penetration behav-
ior compared to homogeneous ground. To deeply investigate the macro-micro mechanisms of slurry
penetration in composite strata, this study independently developed a high-pressure slurry pene-
tration column test system, conducted a series of slurry membrane formation tests in sandy-clay
composite strata, and introduced a parameterized correction model to quantitatively characterize
the heterogeneous seepage field. The findings indicate that: (1) The significant difference in perme-
ability between sandy and clayey media leads to a noticeable “flow deviation” phenomenon in the
seepage field. The measured composite permeability coefficient is generally higher than that pre-
dicted by the ideal parallel model, and this deviation increases with clay content. By introducing a
flow deviation amplification factor, the evaluation bias of the effective flow area can be effectively
corrected. (2) There are distinct differences in permeability evolution patterns: pure sandy strata
exhibit an “instantaneous sharp decline-rapid equilibrium” mode dominated by initial particle re-
arrangement, while composite strata show a “gradual attenuation-persistent densification” mode,
with permeability maintaining a quasi-steady decline driven by a deep clogging mechanism during
the observation period. (3) The slurry membrane exhibits time-dependent strengthening charac-
teristics: the heterogeneous internal structure of composite strata enhances the anti-damage capacity
of the slurry membrane, resulting in a significantly delayed local breakthrough time compared to
single sandy layers, demonstrating superior temporal stability.
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Table 1. Concentration and basic properties of slurry suspension used in the tests
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Figure 1. Materials and particle size distribution used in the test
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Figure 2. Schematic diagram of the slurry penetration apparatus
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Figure 3. Schematic diagram of the stratum composition
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Table 2. Initial permeability coefficient of the formation
2. VIR EEERE

(m/s) (m/s)
aifh 1.00 - 1.95x 1073
Whpk 2:1 0.708 1.381 x 1073 1.48 x 103 7.17%
o R 1:1 0.500 0.975 x 1073 1.30 x 103 33.33%
o R 1:2 0.292 0.569 x 1073 1.10x 103 93.32%
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Table 3. Effective participation ratio and degree of deviation of the sand layer
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Table 4. Physical parameters of the slurry
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VeI E FEFEE u (mPa-s) KL L[ 45 R4 ev* (m?s)
8% 5.46 1.45x 1078
12% 9.83 1.26 x 10°8
16% 17.24 6.02 x 107°
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Figure 4. Surface morphologies of various filter cakes Surface appearance of different filter cakes
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Table 5. Filter cake formation in the slurry penetration test
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VeI
)= %A B J1(kPa)
8% 12% 16%

50 X x N
apb 100 x X o
150 X x X
50 X o N
b 2:1 100 x x o
150 X x X
50 X x N
B 1:1 100 x . J
150 x o o
50 x N N
bHl 1:2 100 x v v
150 X N N
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Figure 5. Schematic diagram of the stratum composition
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Figure 6. Main formation stages of various filter cakes
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Figure 8. Equivalent permeability coefficient of the filter cake
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