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structures considering influence of clay content
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Abstract: Leakage of water and sand in underground structures can cause seepage erosion of the surrounding soils, leading to
ground subsidence that poses a significant threat to urban safety. Previous research has mainly focused on seepage erosion in
sandy soils, and there is still a lack of systematic research on the development process and mechanism of this phenomenon in
different stratum conditions. To explore failure patterns and mechanisms of seepage erosion in underground structures within
strata containing different clay contents, seepage erosion model tests are designed and conducted, and the differences in
phenomena of seepage erosion development under varying clay contents are analyzed. Additionally, a Finite Difference
Method-Discrete Element Method fluid-solid coupled numerical analysis model considering clay seepage erosion degradation is
established. This model is used to compare microscopic mechanisms of different seepage erosion development patterns, thereby
exploring mechanisms underlying the different erosion failure modes. The results show that: (1) the soil can be categorized into
three types: No soil cave soil, unstable soil cave soil, and stable soil cave soil, according to the differences in the development
mode of the soil when seepage erosion occurs; (2) The macroscopic phenomena of the three erosion development modes are
different, which can be characterized by the erosion development process, flow velocity distribution, and ground deformation;
(3) The microscopic mechanisms of the three seepage erosion modes are different, which can be characterized by the

erosion area, soil arch effect, and load distribution; (4) The coupled flow-solid Finite Difference Method-Discrete Element
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Method model, which takes into account the seepage erosion degradation of the clays, is able to simulate the development

process of the soils in different seepage erosion modes efficiently; (5) The computation of the ultimate tensile height is

proposed, which explains the differences of the three erosion modes in terms of the mechanism. The study results provide an

important reference for risk assessment and mitigation strategies in urban underground engineering projects when leakage

occurs.
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Fig. 1 Particle size distribution curve of test sand
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Table 1 Physical and mechanical parameters of mixed soil

i W 5% Bl HJE/(KN'm?) FRJ1/kPa WEEEAICC ) BiEFHU(m s )
A 1:0 14.7 0 40.17 221X10°
B 1:0.05 15.1 1.81 35.56 1.33X10°¢
C 1:0.10 15.4 2.88 35.87 8.04X 107
D 1:0.20 15.8 4.28 34.16 6.45X107
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Fig. 2 Nlustration of seepage erosion test device
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Fig. 3 Seepage erosion processes of soil sample A
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Fig. 5 Seepage erosion processes of soil sample C
2.2 BREFMEREZTLSH

BT PIV HORALEE, 3 3 Fith E3E R ih 4 18
Rt AT X LG, ] 6 fs . 9 T TR L,
AR g BEMHRES (AR I 8], ST 1, )
AABR I Z) A RO . K 6 thATRAE L 3

ot 2 2 T B S AN ) )k 2 AR A
(1) R A FEBTR A A i 1 ol B R AR

FrfasE, 1 0.04~0.06 mm/s 6 B P /NI EE 3 5 o
(2) 1Ff B fEBIR MR B R i i
B BB AL . R0 A R TR LI, TR
TR R e, SRR O,
(3) 1 Ff CH1 D 7ETE A 46 - B 3 B2 4230 0.02
mnvs, {HEEE LA RFE, AR ORI,
RIE#T 0,

0.12

[ —a A
| —e—+#EB
—— +FEC

ﬁj(iigl(mm-s'l)
S -
&8 8 3

o
S
:

0 0.1 0203 04 05 0.6 07 08 09 1.0
AR [

6 NEILFERIR M ERE T LRIt

Fig. 6 Comparison of velocity in processes soil seepage
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Fig. 8 Schematic diagram of clay erosion degradation
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Table 2 Fine-scale parameters of numerical model
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LRSI /N 0 36 40
kRN 0 36 40
TR 2 (kg m ) 2700
AhL BB 0.7
FLBA R 0.4
. 2% (kg m ) 1000
ik PRFR R /Pa 2.0%10°
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| I*,
£
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Fig. 9 DEM soil model
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Fig. 10 Simulations of seepage erosion processes of soil sample A
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Fig. 11 Simulations of seepage erosion processes of soil sample B
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