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Fig. 1 Multi-structure covered karst collapse in the study area

a. the subsidence area TX12 of Yangguantian village; b. the subsidence area TX22 of tail of Longtan reservoir in Miaojiatian; c. the subsidence area TX27 of

Rangtian residential compound 1. The white dotted line represents the boundary of the soil layer.
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Fig. 3 Formation model of karst collapses in the study area
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Fig. 4 Diagram of model experiment device

a. schematic diagram of model structure; b. diagram of physical model experiment device
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Table 1 Property parameters for physical mechanics of geological prototype soil samples
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Fig. 5 Monitoring system of pore water pressure

a. sensors of pore water pressure; b. layout of sensors for pore water pressure
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Table 2 Physical model experiment schemes of karst collapses
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Note: The rate of karst water drawdown of the physical model experiment is obtained by reducing the rate of inferred field karst water drawdown in equal

proportion according to the similarity ratio.
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G)ITIALAR It R B o B RO T
FLBUK Syl 2048 5 PC iy 1 X0 £z, X W R 452
PEATRAL, ST RAE AR, LE PR B B, 3 )2 FFLBR
IKALAEE SRR P2 AR U N, 25 6 2 FFLER
KRS S BT I 4515

() HE7K o il 55 2 P i 3 R oK il BEE [R)
ITIT v B AU T B0 K B HE K, 38 30 v ) T
KT W, T8 5 e K I KL T R AR i B

GGkt 7)), FE 85 b 5T J5 A TXO04 35 [ 5 i 19 7
5t T3 F 2018 48 7 A T HhHEK , Bl & it T
B HEAT, HEAK SR, 5 30 R KL% T R,
BE 2021 48 5 A I fhHEH R K2 900 71 m’. Z
VS Hh T K B VR U 2 I S2 IR, T 2019 AR, X AR
il G & AR R B o 455 T S 3 A HE K DL RO
I H B 7K A7 B, FE 0 X PN iR KA R R A
FHFAT 55 1.5 m-d ™' (0.104 cm min ", 3XHE0.1¢cm min "),



412

2024 4E

25000 |

HEk 13
20 000 -

15000 4

HEK i /me?

10 000 4

5000 4

X AFFIR
LR G
|

HEAK 3] HoKJE

2018/7/14 2018/9/12 2018/11/11 2019/1/10 2019/3/11 2019/5/10 2019/7/9 2019/9/7 2019/11/6 2020/1/5

H

B 7 METeifAskEENE

Fig. 7 Diagram of discharge changes in pre-construction period
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Fig. 8 Time-varying curve of pore water pressure

a. working condition 1 b. working condition 2
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Fig.9 Time-varying curve of vacuum pressure in the karst cave

a. working condition 1 b. working condition 2
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Development mechanism of covered karst collapses induced by

groundwater drawdown

LI Jingtian', ZHU Kai’, XIAO Xianxuan', YIN Yan’, LIU Hao', XU Mo', HE Zhipan’
(1. State Key Laboratory of Geohazard Prevention and Geoenvironment Protection, Chengdu University of Technology, Chengdu, Sichuan 610059, China;

2. Qujing Chemabi Reservoir Engineering Construction Administration Bureau, Qujing, Yunnan 655099, China;

3. PowerChina Kunming Engineering Corporation Limited, Kunming, Yunnan 650041, China )

Abstract With continuous development of society and economy, acceleration of urbanization, increase of water

consumption in industry and agriculture and improvement of people's life, the interference and destruction of

environment caused by human activities and engineering construction are increasingly serious, and the number of karst

collapses is rising day by day. As a major type of geological disaster in karst areas, karst collapses threaten local

people's life and property because of their suddenness and covertness. Therefore, it is of great significance to study the

induced factors and development mechanism of karst collapses. Since the construction of the diversion tunnel of
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Chemabi reservoir in 2017, a large number of ground collapses have occurred in Malong district of Qujing City. The
field geological investigation found that there is a Quaternary overburden layer with sandy clay—clay—sand structure in
the study area in which occur strong karst development and frequent groundwater activities. Karst collapses in the
study area are mainly distributed near rivers.

In this study, we took karst collapses in the east of Malong district, Qujing City as the research objects. On the
basis of fully understanding the geological conditions, hydrodynamic conditions and geological prototypes of collapses
in the study area, we took the collapses of multi-structure overburden as examples, among which we selected a typical
karst collapse as the prototype. Then we scaled down the geological prototype in equal proportion under the principle
of similarity. Meanwhile, we prepared the materials similar to the physical parameters of the soil samples from
overburden layers of the geological prototype, and constructed a geophysical model consistent with the prototype in the
laboratory. Subsequently, according to the water discharge of the construction near the subsidence area and the data of
observation well, we estimated the rate of groundwater drawdown, and monitored the pore water pressure in the
overburden layer, the vacuum pressure in the karst cave and the cumulative displacement of the overburden soil.
Finally, we carried out the experiments of karst collapses triggered by the groundwater drawdown under two typical
working conditions. According to the experiment data, we put forward the collapse mechanism of the overburden
layer, and the evolution characteristics of karst collapses with permeable layer—aquiclude—permeable layer.

The results show as follows: (1) Negative pressure zones in covered layers and karst caves may occur because of
groundwater drawdown. Due to the air recharge caused by relatively closed aquitards and the water-holding effect of
the soil in overburden layers, the pore water pressure in overburden layers and vacuum pressure in karst caves will
increase to the maximum with the fluctuation of groundwater discharge. The faster the rate of groundwater drawdown
becomes, the greater the growth rate and peak of pressure will be. (2) According to the evolution characteristics of
pressure and the deformation quantity of overburden layer, the collapse evolution can be divided into 3 stages: the
stage of development of soil caves with rapid pressure increase but small displacement of overburden surface, the stage
of soil cave expansion with the reducing growth rate of pressure but a rapid increase of displacement of overburden
surface and the stage of instability and collapse of overburden layers when both pressure and displacement of the
overburden surface reach the maximum. At the first stage, upper aquitards and middle strong permeable layers, i.e. the
soil above the water level, are subjected to the erosion of pore water and the vacuum suction effect of pore water
pressure generated in the negative pressure zone within the overburden layer. At the second and third stages, the
vacuum pressure in the karst cave plays a leading role in the vacuum suction erosion of the entire overburden soil. (3)
The rapid decrease of groundwater level is the main factor leading to the collapses in the study area. When the rate of
groundwater drawdown is relatively small, the overburden soil may undergo minor deformation but will not collapse.
However, when the rate of groundwater drawdown in Malong district reaches 0.1 cm-min ' (1.44 m-d"), the vacuum
pressure can provide the force of vacuum suction erosion. Together with osmotic pressure, this force is large enough to
generate collapses. The research can provide reference for the prevention and early warning of collapse disaster in

Malong district.

Key words Kkarst collapse, physical model experiment, multi-structure, groundwater drawdown, collapse mechanism
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