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Fig. 1 Schematic diagram of the parallel bond

method contact constitutive model
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Table 1 Parameters of numerical models for homogeneous intact specimen

o/ (g/cm?) “ E./GPa k*

E/GPa k

¢/MPa

2.5 0.577 2.5 0.8

2.5 0.8 2.2 1.5
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Fig. 2 Numerical models for seepage simulation
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Fig. 3 Numerical model of a specimen with a single

crack under coupled stress-seepage fields
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Fig. 4 Spatial distribution of seepage pressure at

different seepage times in the homogeneous rock model

B, M@yt il 250 homk, WLk A K E
O A REAE 5 S F e A — 20 U6 W] g I R P
ALY B K B FEA TR E (18 6) . [R5 6
AEL 7 AT DL L Bl 95 A0 A 18] 04 SiE K 10 P9 L B
JKHe A AN B 8 00 - DA TOT 0 31 P 0 28 7 22 4 2
RAEREAR A o3 A . FLBUK B3N BUK 5
VR IIURL A AR B AR P 9 5 7 7K s 50 ey X AL
1] (9 7 FH 77 B g

0.20
—s—/=2 cm
—e—h=4 cm

—A—h=6 cm
G5 —v—h=8 cm

0.12

0.08

%% 7k H:/MPa

0.04

e cunil

0 50 ](I)O 150 2(I)0 250 30IO
BRI A/h

BS5S MREGEINTRCEBREHNE

Bt 8 2L

Fig. 5 Variation of seepage pressure over time at

different locations in the homogeneous rock model
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Fig. 6 Seepage pressure distribution at different seepage times in the homogeneous rock model
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Fig. 7 Force chain distribution at different seepage times in the homogeneous rock model
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Fig. 8 Spatial distribution of seepage pressure at different seepage times and the stabilized seepage
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Fig. 10 Seepage pressure distribution at different seepage times in the specimen with horizontal strata
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Fig. 11 Force chain distribution at different seepage times in the specimen with horizontal strata
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Fig. 12 Spatial distribution of seepage pressure at different

seepage times in the specimen with inclined strata
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Fig. 14 Seepage pressure distribution at different seepage times in the specimen with inclined strata
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Fig. 15 Force chain distribution at different seepage times in the specimen with inclined strata
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Fig. 17 Variation of seepage pressure over time at different locations in the specimen with vertical strata
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Fig. 19 Force chain distribution at different seepage times in the specimen with vertical strata
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Fig. 22 Seepage pressure distribution at different seepage times in the specimen with a single crack
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Numerical Study on Groundwater Seepage Characteristics
in Strata with Varying Dip Angles
PAN Jianguo', TAN Lihai*, SHENG Jia’, PENG Huaide’
(1.CNNC Geological Exploration Group Co., Ltd., Beijing 100013, China;
2.School of Resource Environment and Safety Engineering, University of South China, Hengyang 421001, China;

3. National Engineering Research Center for Metal Mining, Changsha Institute of Mining
Research Co., Ltd., Changsha 410012, China)

Abstract: In the numerical study of groundwater seep characteristics in rock mass under different rock
dip angles, the influence of seep field on internal defects such as holes and joints, the influence of seep
field on rock mass stability, and the instability mechanism of rock mass under the coupling of seep
field and ground stress field were seldom considered. This study employed discrete element software
(PFC) to define fluid domains, simulating fluid-solid coupling evolution and rock mass failure behav-
ior under coupled geostress and seepage fields. Macroscopic and microscopic analyses were conducted
to investigate instability mechanisms. The results indicate that the coupling of high-stress fields and
low-seepage fields can induce crack propagation in weak zones, such as crack tips, leading to rock
mass failure. Compared to stress fields alone, coupling effects exhibit distinct failure patterns. Addi-
tionally, under low water pressure, seepage pressure can suppress tensile crack propagation at crack
tips, primarily resulting in compressive failure zones. This research provides theoretical insights for
understanding seepage behavior and assessing rock mass stability in complex engineering conditions.

Key words: fluid domain; rock mass failure; stress-seepage coupling; dip angle of rock strata; discrete

element software; rock mass instability; simulation research



