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Numerical simulation of critical flow velocity in the covered karst
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Abstract: The covered karst collapse has the characteristics of concealment, suddenness, uncertainty, and
mechanism complexity, which leads to its prevention and treatment more difficult. In the process of covered karst
collapse, soil caves formed in the overlying soil, develop and expand until the surface collapse. Numerical
simulation such as the finite element method is an effective method of soil cave collapse; however, the finite
element method can not solve the problem of large deformation of rock mass such as particle migration and soil
collapse. Based on the analysis of the geological conditions of karst collapse in Jiangshan city, Zhejiang province,

this study used the particle flow code (PFC) to simulate the formation process of covered karst soil cave and then
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to reveal the displacement of special soil particles, the development trend of cracks, and the change of system

imbalance force on a micro level. The multi-field variation characteristics of the formation of covered karst soil

cave under external force conditions were reproduced. The results show that the development process of karst soil

cave could be summarized into three stages including crack generation, connected surface formation, and particle

peeling. As the karst soil cave began to develop, there was a good consistency among the displacement curve of

soil particles, the penetration degree of cracks, and the unbalance force, and the vertical expansion speed was

larger than the horizontal speed. The critical flow velocity of the initial soil cavity is 0.104 cm/s when the

overburden soil is clay. This study can provide basic information for the treatment of karst collapse.

Keywords: particle flow code; covered; Kkarst collapse; soil caves; critical flow velocity
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Table 2  soil microscopic parameter table

S8 BRI/ (N-m™) DIF R/ (N-m™) VR R B I FhEE R /Pa Ve Fh45 78 /Pa 1252 EU (ems™)
WUE 1x107 5x10° 0.3 8x10* 2x10* 5x107"

3 BHRILTIRAEAFHFEL

3.1 HEAEEST

5T PFC 0, B K S8 T 3 4 s ik 7
T TF F1 AR ) A= AT B A3 A R, T E 5 T 1
TR, BRI 6, LN R .

(1) M 5 A5 BIARE AL R 10 mx6 m, PR B 3+ K,
R K, ORI e A BB S Y R AT A L 4 R, AL
{HAL I R F 8 100 mmx60 mm, k242 KR 0.1 ~
1.8 mm, UKL [A] SR FH 2 fih 2 285 5

FEEFX

R o
6 HEMAFHTEE

Fig. 6 Schematic diagram of model boundary conditions
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