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Research on pore structural change of gravel soil under seepage
erosion based on CT scanning

HUANG Da'?, GAO Yikang', HUANG Wenbo'
(1. College of Civil Engineering and Transportation, Hebei University of Technology, Tianjin 300400, China;
2. School of Geological Engineering and Geomatics, Chang’an University, Xi'an, Shaanxi 710054)

Abstract: As the main component of the landslide accumulation layer, gravel soil is affected by hydrodynamic
factors; the change of internal seepage pressure leads to the loss of soil particles, resulting in the change of meso
structure and mechanical properties, and thus affecting the overall stability of the landslide. To analyze the
evolution of the internal pore microstructure of the crushed soil during the seepage process, the indoor seepage
erosion test was carried out on the crushed soil specimen by the self-designed seepage device, using CT scanning
to obtain internal pore image data of the seepage erosion process of crushed stone soil samples. Through the

identification of porosity and parameter extraction, the changes of mesoscopic parameters such as internal porosity
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and equivalent diameter of the specimen during the seepage process were analyzed. A pore network model was

constructed to analyze the variation of pore radius, throat length, and coordination number of connected pores

under different seepage conditions. The results show that the gradual increase of the hydraulic gradient will change

the pore distribution in the internal soil. The soil particle erosion leads to the porosity increasing, the pore quantity

increasing first and then decreasing, and the total pore volume increasing. Seepage will promote the pore

expansion and penetration, and enhance the pore connectivity. The average pore throat radius and average

coordination number increase with the hydraulic gradient increasing. This study can provide theoretical

significance for the prevention and treatment of gravel soil landslides.

Keywords: gravel soil; seepage erosion; CT; pore microstructure; landslide
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Fig.1 Schematic diagram of the seepage erosion test device
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Table 1 Basic physical properties of gravels soil
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Fig.2 Particle size distribution
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Fig. 3 Image processing

2 HEER

2.1 FEWK 1B
REEB 15 2805 W BE K 186 B B 78 L 5 R W
Bl 4, MK EEELE 0.75 LRI, HIARE3B % R

i 7K 7 8 B 11 358 0 10 2 08 /N, AE X — e B v, kR
PR 08 5 AR 8 A UKL I %, b B B A PN S A 8 R B
R R, B e B SUCR R E B IR B, KT
BhEETE 0.75 ~ 1.35 B, 1aFF P9 3B 7 45 i B 3 o 9000 i
(ORI %, T T 3URE YR 0 AR R, B Bt
() I S RTINS B 0B R BB 2 3,
BB e OB AR R B B . MK SRR AE 1.35 ~
1.60 B, B & 7K 786 BE 00 T 5, o 1Y) 5 22 31 K5 3K
0 JIRL 4R 22 O, R B T AR ol E i — 2B
K, S B P 7 22 32 W AR, T B O S B
e A KT R B A R R N AR 00 K ) B R, 2K T
JEIRF 1.60 J&7, 4k Fh i A K O B, 3R R
P2 FEARA I A AR, K e B B SR AR 2 ki 3R
B

fasE B R R
it | =3 =3
L
0.5 | ! 0.35
—n— Yk : :
—— BERK .
04
0.30
T 03} £
£ ; 5
s a/ 1025 =
= : : =
® 02 : : B
ES : : £
. 4N
L ] : i 020 ~
0.1} = :
.
1 1 1 1 1 1 . 1 015
0 02 04 06 08 1.0 12 14 16

IKIIRREE
B4 BERB.RESKAEENLER

Fig. 4 Relatlonshlp between permeability coefficient, flow
velocity, and hydraulic gradient

2.2 AIRFLBRZEH S 5L

ARy M T 2 N FL PR R I R Y, AR S
B3 5 1] L B R R AR FL B PR G B T AR Tl v AL B R
(5 o T FL B3R () A E 185 B8 b U LB 1T AR
(A) 5V 8w T BUE (40) Z e, ARFLBR =R (N) A FL
B (V) 5k SRR (V) 2 L, 38 10 FL B A R
(Vo) SFLBR SRR (V) Z e o3 R () :

n=Ay/Ar (D
N=V,/Vy (2)
ne:VC/Vp (3)

4 U CT A U010 H B0 £L B B0 31 53 45 2R an 5k 2
FI7s , AR AN (5] 1o B2 AL A AL BRI AN P 5 B



2024 4F H

ik, A BT CTHM MG WA AT T 08 A L B 45 49 8 AL LA T 5T - 127 -

F2 CTEKABIRNNIBEREILERTEER
Table2 Computational pore volume and porosity identified by
CT image processing specimens

Fi B Scanl Scan2 Scan3 Scan4
LB
Rymm 77004 82520 99 662 120 479
JEALER
hpymm 66776 72 544 89 489 113214
LB R % 13.8 14.8 17.3 214
2% 86.7 87.9 89.8 94.0
140
120
100 |
=
E 80}
=
o6
40 b
20 F

0 1 1 1 1 1
0.05 0.10 0.15 0.20 0.25 0.30 0.35
FLBR

B 5 HHEAREELHILEES
Fig. 5 Porosity distribution at different heights of the sample
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Fig. 6 Frequency distribution of equivalent pore diameter
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Table 3 Statistical volume fraction of equivalent

pore diameter /%
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Fig. 7 Pore network model
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Table 4 Quantitative parameter analysis of pore network model
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Fig. 9 Frequency distribution of pore network model parameters
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Fig. 10 Pore changes during the seepage erosion process
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