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Research on catastrophic mechanisms and early warning indicators of

seepage erosion-type water inrush in karst cavities

WU Kai, YUAN Jiejun, GU Hairong, SHI Kui, FU Yongquan

(Transmission and Distribution Company in Jiangsu Province, Nanjing 211899, China)

Abstract: [Purposes] Seepage erosion-type water inrush in karst cavities is one of the typical
types of water inrush in karst tunnels, which is not only controlled by the distribution of karst
cavities and hydraulic replenishment but also affected by the composition of filler in karst cavities.
Seepage erosion takes away the filler with water flowing, and the catastrophic water inrush ensues.
Moreover, water inrush is characterized by its concealment and suddenness. This paper aims to
reveal the catastrophic mechanisms and early warning indicators of seepage erosion-type water

inrush in karst cavities. [Methods] This paper used the smooth particle hydrodynamics method to
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systematically study the catastrophic evolution of seepage erosion-type water inrush in karst
cavities considering the particle gradation of filler, confining pressure stress, and flow velocity.
This study reveals that the sudden change in particle loss rate can be used as a characteristic signal
for catastrophic water inrush. By analyzing the patterns among the particle gradation, confining
pressure stress, flow velocity, and particle loss during the change, the particle loss rate during the
sudden change under different influencing factors is also examined, and the early warning
indicators for the seepage erosion-type water inrush in karst cavities are determined. [ Findings ]
When the content of fine particles such as rock debris and fine sand is greater than 60%, the
sudden change point of the particle loss rate corresponds to a flow velocity of 1.6 m/s and a
confining pressure stress of 2.6 MPa, and the warning range of the particle loss rate is from 8% to
24%. When the content of coarse particles such as coarse sand and gravel exceeds 40%, the flow
velocity at which the particle loss rate undergoes a sudden change is 3.0 m/s; the confining
pressure stress is 4.5 MPa, and the warning value of the particle loss rate is from 8% to 45%. By
comparing the critical sudden change points of the seepage erosion-type water inrush based on the
indicators of particle loss rate and flow velocity, it can be observed that the sudden change point of
the particle loss rate occurs earlier than that of the flow velocity. Using the particle loss rate as the
early warning indicator will be more effective than the traditional indicator (flow velocity).
[ Conclusions] The gradual increase in the permeability of the karst cavity is a process that
evolves from a slow quantitative change to a sudden change. Using the particle loss rate as the
criterion for identifying the seepage erosion-type water inrush is more in line with the physical
occurrence mechanism of this disaster.

Keywords: karst tunnel; water inrush in karst cavity; seepage erosion; catastrophic mechanism;
early warning indicator
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Table 1 Gradation parameters of clay-type filling medium

RAR [ mm | JORE 04 5 4k 53K % EANE 2
[2.000,5.000) 0.0 KA d,fmm | 0.075
[0.500,2.000) 3.6 PR IR AR dyy/mm | 0.075
[0.250,0.500) 3.7 FRAIREAE dgy/mm | 0.075
[0.075,0.250) 15.6 AL ZEC, | 1.000
<0.075 77.1 R R HC, 1.000

T2 ORI AW AR RIS

Table 2 Gradation parameters of silt-type filling medium

RASTE Il /mm | FURLAY e 53 %50 % FESH
[2.000,5.000) 2.3 HHRAE d,Jmm | 0.075
[0.500,2.000) 324 IR A% dyy/mm | 0.200
[0.250,0.500) 28.8 FRRLAZ dyy/mm | 0.432
[0.075,0.250) 25.6 AL REC, | 5760
<0.075 10.9 R R EC, 1.230

T3 VERAE AR BB H

Table 3 Gradation parameters of gravel type filling medium

RSVl /mm | WORLA Bt ) 20 % HESH
[2.000,5.000) 22.8 AHRAEd Jmm | 0.394
[0.500,2.000) 60.7 FREIRLAE dy/mm | 0.792
[0.250,0.500) 7.6 FRIRLAE dgy/mm | 1.486
[0.075,0.250) 5.8 AL REC, | 3.770
<0.075 3.1 HESS o) 1.070
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