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�e large-scale mining of underground mineral resources will lead to the formation of mined-out areas, which will lead to a series
of geological and environmental problems. By selecting the Mudengdong village as a case study, this paper uses geodetic satellite
remote sensing technologies to perform qualitative analyses and summarize the geological engineering conditions of the factory.
Afterwards, the predominant factors that a�ect the stability of foundation are determined based on the geological survey of karst
in goaf structures. Finally, the �nite element software ANSYS is used to comprehensively study the karst problem. �e results
indicate that (1) the karst development pattern in the study area is controlled by the Beiyin mountain fault, in which case the karst
in the basin, in the foot slope, or in the pass section is more widespread than in the slope section. Moreover, the karst generally has
a vertical form and is in the early karst stage of development; (2) surface rainwater in�ltration, earthquakes, and load pressure are
the three major factors that a�ect karst collapse in the study area; (3) by simulating the development of karst caves and the bearing
capacity of the karst roof in the goaf structure under di�erent conditions, it is recommended that only civil buildings with not
more than three �oors can be built in the village. Overburdened soil thicknesses between 6 and 10m and civil buildings with
heights less than 6m are not suitable parameters for construction activities. If there are hidden soil holes under the overburden
layer, dynamic consolidation needs to be applied in order to destroy the structure of the soil layer and to ensure the safety
of personnel.

1. Introduction

Generally, researchers consider natural resources as the sum
of natural environmental factors that exist naturally and
have the use value [1–3]. Mineral resources, as a signi�cant
natural resource, have a crucial impact on the economic and
social development of China [4]. Mineral resources reserves
are the basis for the development of the mining sector and
industrialization. China is particularly rich in coal deposits

and is one of the world’s leading countries in the exploitation
of coal resources [5]. However, with the remarkable im-
provement of China’s social and economic development
indices, the scale and intensity of coal mining activities [6]
have gradually increased [7]. �e continuous demand for
raw materials, as well as the overexploitation and unrea-
sonable utilization of coal mines, have caused serious
damage to the ecological condition of coal mines, leading to
a series of ecological and environmental concerns. �e
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geological and environmental problems caused by under-
ground mining are classified into four major categories:
geological disasters, aquifer damage, topographic and geo-
morphological landscape damage, and land resource damage
[8–10]. In addition, the existence of overexploitation be-
havior aggravates the waste of coal resources, damages the
regional hydrogeological conditions, and creates environ-
mental geological problems, such as large karst [11–15] areas
caused by underground goaf [16].

With the continuous development of China’s social
economy, issues related to mining and its effects on the
environment have become prominent discussion topics in
the social and economic domains [17]. In the last years,
geological environment problems caused by underground
mining have been gaining more and more attention
[18–22], and it is urgent to take appropriate safety pro-
tection measures, such as anchor reinforcement in mining
areas [23, 24]. Ecological environment protection and
management of coal mining areas have become a problem
that needs to be solved at present [25–27]. ,e Muden-
dong village [28, 29] in the Gejiu city, Honghe Prefecture,
Yunnan Province, is located in the center of the Laochang
mining area. Since the 1950s, there have been ongoing
underground mining activities around the village. During
the last years, wall cracks and ground collapse incidents
have appeared in the Mudengdong village. Consequently,
local villagers are unable to build new houses because of
the karst collapse phenomenon. In 2016, a 4.7 earthquake
magnitude in Gejiu created three new collapse sites and
damaged several houses in the Mudengdong village. ,e
villagers were forced to choose other locations for post-
earthquake recovery and the reconstruction of their
homes.

,erefore, the study on the corresponding mechanical
properties of rock [30–32], the development and evolution
of karst, the formation mechanism of karst collapse, the
stability of karst sites, and their prevention and control is of
great importance to the housing construction sector in the
Mudengdong village.,is provides a theoretical basis for the
selection of the housing site. ,e study of the karst collapse

phenomenon in this area can be used as a guidebook for
understanding the process of karst development and the
direction of surface evolution in Gejiu.

2. Overview of Regional Projects

2.1. Analysis of Engineering Geological Conditions

2.1.1. Topography and Geomorphic Features. ,e Mudeng-
dong village is located about 3km to the west of Laochang city.
Residential houses in theMudengdong village are located in the
lower altitude areas of the basin and are surrounded by
mountains. ,e north and east peaks have a higher elevation
than the south and west peaks (Figure 1), while the elevation of
the basin surrounded by the mountain ranges varies between
2296.0 and 2300.0m.,e basin has predominant south to north
orientation, and the original topography in the northern and
southern parts of the basin is a relatively closed karst depression.

2.1.2. Geological Structure. ,e study area is characterized
by the presence of several fault structures that are pre-
dominantly crustal faults. ,e known faults can be divided
into two types: the first type is a long-term large-scale deep
crustal fault, such as the Honghe fault and Beiyinshan fault;
the second type is represented by the syndepositional faults
that inherit the intermittent activity of the basement, such as
the Mile-Shizong, the Kaiyuan-Qiubei, the Wenshan-
Malipo, and the Guangnan-Funing fault zones. ,e major
faults can be divided into four groups based on their ex-
tension direction: NE, NW, SN, and EW. ,e most im-
portant structures from the study area include the Honghe
fault, the Beiyinshan fault, the Xiaojiang fault, the Ailaoshan
fault zone, and the Mile-Shizong fault zone, and the karst
development in the study area is mainly controlled by the
Beiyin mountain fault, as illustrated in Figure 2.

2.1.3. Stratigraphy. ,e outcrops in the study area are
characterized by quaternary residual slope accumulation
sediments (Qel+dl

4 ), artificial accumulation deposits (Qml
4 ),
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Figure 1: Geographical position of the Mudengdong village.

2 Shock and Vibration



and the Middle Triassic Gejiu Formation (T2g1). Dolomite is
the predominant lithotype and the main ore host rock in the
Gejiu mining area (Figure 3). Quaternary residual slope
deposits are represented by brownish-red and brownish-
yellow-red clays. Artificial accumulation sediments are
mainly tailing chalk, tailing chalk sand, and tailing chalky clay.
,e Middle Triassic Gejiu Formation is composed of thick
layers of limestone, dolomitic limestone, and dolostone, with
a predominant gray color. Karst is strongly developed. ,e
surfaces of the rocks are smooth or parallel and radial “U”
grooves are formed by dissolution. ,e karst types that form
on the ground include karst depression, karst ditch, small
karst cave, and karst fissure, while the karst types that form in
the underground include karst fissure and karst cave.

2.1.4. Major Historical Earthquakes. Based on the statistics of
historical seismic data in the Gejiu area, from 1500 to 1980,
there were 4 earthquakes with a magnitude of 5∼5.5. All
epicenters were recorded in the north-south fault zone.
According to the “Code for seismic design of buildings”
(GB50011-2010) and the “Seismic ground motion parameters
zonation map of China” (GB18036-2015), the basic seismic
intensity in the study area is level VII, the designed basic
seismic acceleration value is 0.15 g, and the characteristic period
of the response spectrum is 0.45 s, which indicates that the
region is located within a relatively stable region of the crust.

2.2. Characteristics of Karst Development and Its Formation
Mechanism

2.2.1. Geological Investigation of Karst. Engineering geo-
logical mapping was applied to describe the current karst
structure and distribution in the Mudengdong village. A

high-density electrical survey was used to identify karst
within 50m below the surface, and an electrical survey was
used to detect karst within 180m below the surface. ,ese
methods provided data to support the analysis of under-
ground karst development.

According to the statistics of the karst geological survey,
there are 16 karst collapse points (or funnels) (Figure 4), 2
water-falling caves, and 2 karst depressions in the study area.
,e main morphological characteristics of the karst collapse
points are indicated in Table 1.

2.2.2. Conditions of Karst Development. ,e basic condi-
tions for karst development are as follows: (1) soluble rocks;
(2) permeable rocks; (3) erosive water; (4) constant motion
of water in the rocks.

Carbonate rocks are widely distributed in the study area,
which represents the fundamental requirement for karst
development. ,e regional tectonic conditions are complex,
and the unusually complicated tectonic activity causes the
rock body to becomemore fractured, with numerous fissures
and strong permeability. ,e study area has a subtropical
plateau monsoon climate with high levels of rainfall. ,e
atmospheric precipitation is unsaturated water, and the
groundwater formed by the infiltration of this water be-
comes erosive. Additionally, the groundwater cycle in the
study area is stronger.

Regarding the four basic conditions for karst development,
conditions (1) and (2) have a relation to the lithological
characteristics and the geological setting, while conditions (3)
and (4)mainly depend on the hydrogeological and geomorphic
conditions. ,e lithological characteristics are straightforward.
,e karst development mechanism in the study area is dis-
cussed in the following sections from the aspects of geomor-
phology, hydrogeology, and geological structure.
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Figure 2: Simplified structural map of the study area.
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2.2.3. Strength of Karst Development. ,e most common
indicators used to determine the degree of karst develop-
ment are as follows: (1) karst phenomenon; (2) karst density
(number of karst points per square kilometer); (3) the karst
rate of drilled holes; and (4) the flow rate of dark rivers or
springs. ,e classification has four levels: extremely intense,
intense, moderately intense, and faint (Table 2).

2.3. Mechanism of Karst Collapse Genesis

2.3.1. Analysis of Karst Collapse Factors. ,e formation of
karst collapse is generally influenced by several factors. In
different areas, the same factors may lead to distinct karst
collapse results, while human activities and natural factors
are also important elements that induce collapse. Based on
the previously mentioned development mechanism and
conditions in the Mudengdong village, the main factors that
may lead to karst collapse are discussed below.

(1) Collapse caused by surface rainwater infiltration:
in the study area groundwater is encountered at
great depths. ,e minimum depth is equal to
188m, which indicates that the possibility of karst
collapse caused by the fluctuation of the ground-
water level is not substantial. ,erefore, the in-
filtration of surface rainwater is one of the main
factors of karst collapse [33].

(2) Collapse caused by vibrations or earthquakes: an
earthquake produces seismic waves that induce the
shaking of rocks and soils, thus causing the rock to
fracture. Karst development is strong in the study
area, and formed soil caves can easily collapse under
the action of vibrations or earthquakes.

(3) Collapse caused by loading: the influence of human
activities is much smaller compared to the damage
done by earthquakes, but karst collapse can still be
induced without difficulty under certain conditions
and circumstances. ,e construction of buildings
adds additional load to the top plate of the karst or
the earth’s cave, which will cause the karst to collapse
if it exceeds the bearing capacity of the earth’s cave
vault. ,erefore, the damage to the roof plate caused
by the generated external load leads to the collapse of
the karst.

(4) Rainfall, snowfall, and other triggering factors:
snowfall is an important factor that increases
groundwater activity through surface descent and
recharge of the groundwater surface. ,e specific
mechanisms that promote karst collapse are as
follows:

(a) Rainfall saturates the geotechnical body, in-
creases its capacity, modifies the hard plastic
state of the soil, reduces the angle of internal

Table 1: Features of the karst collapse points (or funnels) in the study area.

Observation point Location Morphology and characteristics Causes

LT1 Gentle slope platform An ellipse with a length of 2m and a width
of 3m, and a vertical settlement of 1.5m

Dissolution, mainly by surface
rainwater infiltration

LT9 Foot of slope An ellipse with a length of 0.5m and a width of 0.4m,
and a vertical settlement of 0.9m

Dissolution, but
predominantly

induced by earthquakes

LT5 Gentle slope platform An ellipse with a length of 4m in length and a width
of 3m, and a vertical settlement of 2-3m

Dissolution, but
predominantly

induced by earthquakes

LT8 A basin surrounded by
mountains on all sides

An ellipse with a length of 0.5m and a width
of 0.4m, and a vertical settlement of 0.5m

Dissolution, mainly by surface
rainwater infiltration

LT15 Foot of the halfway hill slope An oval shape with a length of 1.5m and a width
of 0.8m, and a depth of about 8m

Dissolution, mainly by surface
rainwater infiltration

Table 2: Karst development degree characteristics and indicators.

Karst development
degree Karst phenomenon Karst density

(number/km2)

Maximum
spring

flow (l/s)

Karst rate of
boreholes

(%)

Extremely intense
Surface: a large cave

Underground: a large-scale underground river system dominated by
piped water

>15 >50 >10

Intense
Surface: karst caves, sinkholes, funnels, and depressions

Underground: smaller-scale underground river, mainly containing
pipe water and some fissure water

5∼15 10∼50 5∼10

Moderately intense
Surface: small scale caves, additional sinkholes, and funnels

Underground: fissure-shaped underground river, dominated by fissure
water

1∼5 5∼10 2∼5

Faint Numerous dissolved fissures, a small number of sinkholes, funnels and
karst springs, and multilayered aquifers dominated by fissure water 0∼1 <5 <2
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friction and cohesion, and thus decreases its
strength

(b) Heavy snowfall or rainfall increases the thick-
ness of the roof of the soil cover, resulting in
collapse

(c) ,e infiltration of surface water increases the
content of electrolytes, which eventually leads to
changes in the physical and mechanical prop-
erties of the soil layer

(d) Rainfall or snowfall steadily leads to the rise of
groundwater levels, resulting in positive pressure
in the karst space and negative pressure caused
by the rapid flow of the groundwater in the
runoff zone

(e) Karst collapse induced by underground drainage
is not considered because the groundwater level
is encountered at great depths

2.3.2. Analysis of Karst Collapse Mechanism. ,e karst
collapse mechanism is more complex and includes the
latent erosion effect, the vacuum erosion effect, the
pressure difference effect, the vertical seepage effect, the
self-gravity effect, the buoyancy effect, the soil strength
effect, the earthquake or vibration effect, and the load
effect. ,e subduction effect, the vacuum erosion effect,
the pressure difference effect, and the buoyancy effect are
associated with the collapse mechanism caused by the
fluctuation of groundwater levels. However, the minimum
depth at which groundwater is encountered in the study
area is approximately 188m, indicating that collapse
caused by these four mechanisms is not applicable.
,erefore, the study area is mainly related to the vertical
seepage effect, the self-gravity effect, the soil strength
effect, the earthquake or vibration effect, the load effect,
and other collapse mechanisms.

(1) Self-gravity effect: the self-gravity effect results in soil
cave collapse due to gravity. ,e gravity effect caused
by the self-weight of the rock mass or the external
load destroys the karst roof, peeling off layer by layer,
resulting in the process and phenomenon of collapse,
labeled as gravity-induced collapse.

(2) Vertical seepage effect: the vertical seepage pressure
effect is caused by the infiltration of surface waters
derived from rainfall and snowfall. ,e seepage
pressure effect refers to the various combined effects
on the cover soil produced by the upper action of
infiltration recharge of karst groundwater, such as
rainfall or surface water. ,e collapse points LT3,
LT10, LT12, and LT15 in the study area are created by
surface water runoff. ,eir formation mechanism is
that after being subjected to infiltration, water moves
in the pore space and exerts vertical infiltration
pressure on the particles, thus changing the me-
chanical properties of the soil. When the infiltration
pressure reaches a certain value, the structure of the
soil is rapidly destroyed and the soil particles follow
the water flow to move, resulting in the flow soil

phenomenon and, consequently, the collapse of the
ground.

(3) Earthquake or the vibration effect: the collapse of the
LT5 and LT8 points in the study area was induced by
several earthquakes that happened in May 2016 with
a maximum magnitude of 4.7. Vibrations can also
produce fluctuations and damage the soil cavity by
direct impact. ,erefore, under the action of
earthquakes or vibrations, the strength of the
overlying soil layer is reduced and exposed to the
destructive effects of the shock waves, which di-
minishes the collapse resistance of the soil arch and
leads to collapse.

(4) Load effect: in the karst collapse area, building loads,
vehicle loads, pedestrian loads, and impact loads may
cause the karst ground to collapse, since such loads
exert pressure in the vertical direction. ,e top arch
of the karst soil caves collapses because it cannot
withstand its gravity and the vertical pressure exerted
by the external loads.

3. Numerical Simulation of Cave Stability

3.1.GeneralizationandEstablishment of theGeologicalModel.
,e study of geological data from the Mudengdong village
indicates that quaternary red clay is widely distributed in the
area, and the soil cave collapse in the red clay layer accounts
for more than 30%.,erefore, the soil hole development was
considered to be located near the contact surface between
the red clay layer and the tuff layer.

,e present numerical simulation [34, 35] model gen-
eralizes the caves into circular soil caverns and funnel-
shaped soil caverns, without considering the effects of ac-
cumulation and filling during the simulation process. By
analyzing the statistical analysis data of 16 karst collapse
points (or funnels) developed in the study area, the size of
the calculationmodel was defined as a 50m× 20m rectangle.
,e diameter of the circular soil holes is 3m, the width of the
upper part of the funnel-shaped soil holes is 4m, the width of
the lower part is 3m, and the depth is 2m. According to the
geophysical data, it can be concluded that the quaternary
overburden layer is relatively thin in the other parts of the
cavern. However, there are some areas where the overburden
layer is thick, which cannot form a stable roof support arch.
Combined with the actual geological field mapping data, the
thickness of the overlying soil layer in the area where soil
holes occur usually ranges between 0.5 and 6 meters. Most of
the overlying soil layer thickness is less than 10meters, and
only in some rare cases detected by geophysical exploration
techniques, the overlying soil layer thickness is over
20meters. ,e thickness H of the overburden soil layer was
set to H� 3m, H� 4m, H� 6m, H� 8m, and H� 10m,
respectively, for the corresponding numerical simulations.
,e plane42 2-D solid structural element model was used for
the rock and soil mass simulation. Additionally, Druck-
er–Prager’s elastoplastic model, which is commonly used in
geotechnical engineering, was also used as shown in
Figure 5.
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3.2. Selection of Model Calculation Parameters and Boundary
Conditions. For the Drucker–Prager model, the required
data parameters include density, elastic modulus, Poisson’s
ratio, internal friction angle, cohesion, and angle of dila-
tion. ,e parameter values for this study are shown in
Table 3.

In order to make the model closer to the actual situ-
ation, certain restrictions must be set in the model trun-
cation surface, that is, the corresponding boundary
conditions must be set so that the equilibrium equations
can be solved accordingly. ,is paper is focused on stability
under static conditions. When setting boundary condi-
tions, the y-axis constraint is set at the bottom of the model
and the x-axis constraint is set to the left and right di-
rections of the model.

3.3. Selectionof theLoad. ,e soil in the upper part of karst is
subjected to gravity or external load, which increases its self-
weight effect. ,e upper support arch of the soil cannot
handle its balance requirements, which leads to the collapse
of the overlying soil layer of red clay into the cavern and
forms a funnel running up and down.

It is mentioned in the research report that the main
causes of karst collapse in the Mudengdong village are vi-
brations induced by blasting during mining operations,
earthquakes, and the direct compression failure of the soil
cave caused by the load of buildings exceeding the roof arch.
During the past years, mining operations have been regu-
lated by the government, while the action of earthquakes is
accidental. ,erefore, these causes are not included in the
numerical simulation calculations. In this study, it is

considered that the soil cave is directly destroyed when the
building load exceeds the bearing capacity of the soil cave
vault, which leads to the collapse of the soil cave. ,e
building load is simplified as a uniformly distributed load,
and the numerical calculation of the uniformly distributed
load is described below.

Since most of the houses built in theMudengdong village
are civilian buildings, the proposed house size is
10m× 10m, the floor height is 3m, the wall thickness is
0.3m, the floor thickness is 0.1m, and the ceiling thickness is
0.3m.

,e uniform load value of a one-storey building is
expressed as

G1 � cV1 �
25 kN
m3 × 73.72m3

� 1843 kN,

q1 �
G1

S
�
1843 kN
100m2 � 18.43 kPa.

(1)

,e uniform load value of a two-storey building is
expressed as

G2 � cV2 �
25 kN
m3 × 64.92m3

� 1623 kN,

q2 �
G2

S
�
1623 kN
100m2 � 16.23 kPa,

q � q1 + q2 � 34.66 kPa.

(2)

,e uniform load value of a three-storey building is
expressed as

Geological generalization model

Meshing

(a)

Geological generalization model

Meshing

(b)

Figure 5: Geological generalization model and grid. (a) Circular soil holes. (b) Funnel-shaped soil holes.

Table 3: Values of the simulation parameters.

Lithology Cohesion (kPa) Angle of internal
friction (°)

Angle of
dilation (°)

Elastic
modulus (MPa)

Volumetric
Weight (N/cm2) Poisson’s ratio (υ)

Red clay 30 12 0 30 1900 0.39
Limestone 250 40 10 4000 2400 0.3
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G3 � cV3 �
25 kN

m3 × 64.92m3
� 1623 kN,

q3 �
G3

S
�
1623 kN
100m2 � 16.23 kPa,

q � q1 + q2 + q3 � 50.89 kPa.

(3)

3.4. Numerical Simulation Results and Analysis

3.4.1. Numerical Simulation of Circular Soil Holes under
Different Loads. According to the research report, the
thickness of the overlying soil layer in the area where the soil
holes occur usually ranges between 0.5 and 6meters, while
most of the overlying soil layer thickness is less than
10meters. Only a few parts of the soil layer with thicknesses
greater than 20meters have been detected by geophysical
prospecting. ,e thickness of the overlying soil layer H is set
to H� 3m, H� 4m, H� 6m, H� 8m, and H� 10m, re-
spectively. ,ree different scenarios where the uniform load
value q is set to q� 18.43 kPa, q� 34.66 kPa, and
q� 50.89 kPa, respectively, were used for numerical simu-
lation models to obtain the corresponding displacement,
stress, and strain values. ,e simulation results are discussed
below.

(1) q� 18.43 kPa: according to Figures 6(a) and 6(b),
when the thicknesses of the overlying soil layerH are
6m and 10m, then the obtained displacement values
are 3.97mm and 5.7mm, respectively. ,ere is an
obvious displacement at the roof of the soil cavern,
and it increases with the upward trend. ,e large
displacement of the soil cave concentrates in the
vertical direction of the roof and presents a sym-
metrical distribution. Under the same load, it can be
observed from Figure 6(c) that a thicker overburden
layer causes greater surface displacement values.
However, the increase in the soil layer thickness
makes the soil tunnel to be more stable. If the soil is
thinner, then the probability of collapse increases.
Figures 6(f ) and 6(i) indicate that stress and strain
tend to significantly decrease with the increase of the
soil thickness. ,e area with large stress values is
primarily concentrated around the soil cave body,
which is compressive stress, with values equal to
0.049MPa and 0.045MPa. ,e strain occurs pre-
dominantly in the upper part of the soil layer. ,e
strain concentrated in the soil tunnel roof arch part
has a value of 1.2mm.

(2) q� 34.66 kPa: according to Figures 7(a) and 7(b),
when the thicknesses of the overlying soil layerH are
6m and 10m, then the obtained displacement values
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Figure 6: q� 18.43 kPa scenario. Results of displacement cloudmap: (a)H� 6m and (b)H� 10m; (c) displacement curve; stress cloudmap:
(d) H� 6m and (e) H� 10m; (f ) stress curve; strain cloud map: (g) H� 6m and (h) H� 10m; (i) strain curve.
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are 7.47mm and 10.73mm, respectively. ,ere is an
obvious displacement at the roof of the soil cavern,
and it increases with the upward trend. ,e large
displacement of the soil cave concentrates in the
vertical direction of the roof and presents a sym-
metrical distribution. Under the same load, it can be
observed from Figure 7(c) that a thicker overburden
soil layer generates greater surface displacement
values. However, the increase in the soil layer
thickness causes the soil tunnel to be more stable. If
the soil is thinner, then the likelihood of collapse
increases. Figures 7(f ) and 7(i) indicate that stress
and strain tend to decrease with the increase of the
soil thickness. ,e area with larger stress values is
primarily concentrated around the cavity of the soil,
which is compressive stress, with values of 0.09MPa
and 0.085MPa. ,e strain occurs predominantly in
the upper part of the soil layer. ,e strain concen-
trated in the top arch part of the soil cavern has strain
sizes of 2.3mm and 2.2mm. Based on the com-
parisons from Figure 7, it can be inferred that the
displacement, the stress, and the strain of the same
overlying soil layer are directly correlated with the
load increase.

(3) q� 50.89 kPa: according to Figures 8(a) and 8(b),
when the thicknesses of the overlying soil layer H

are 6 m and 10m, then the obtained displacement
values are 11.29 mm and 15.89 mm, respectively.
,ere is an obvious displacement at the roof of the
soil cavern, and it increases with the upward
trend. ,e large displacement of the soil cave
concentrates in the vertical direction of the roof
and presents a symmetrical distribution. Under
the same load, it can be observed from Figure 8(c)
that a thicker overburden soil layer creates greater
surface displacement values. However, the in-
crease in the soil layer thickness causes the soil
tunnel to be stable. If the soil is thinner, then the
probability of collapse increases. Figures 8(f ) and
8(i) suggest that stress and strain tend to signif-
icantly decrease with the increase of the soil
thickness. ,e area with large stress values is
primarily concentrated around the soil cave body,
which is compressive stress, with values of
0.094MPa and 0.087MPa. ,e strain predomi-
nantly occurs in the upper part of the soil layer,
and the large strain concentrated in the soil tunnel
roof arch part has a value of 2.6 mm. Based on the
comparisons from Figure 8 it is clear that the
displacement, the stress, and the strain of the same
overburden tend to increase with the load
increase.
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Figure 7: q� 34.66 kPa scenario. Results of displacement cloudmap: (a)H� 6m and (b)H� 10m; (c) displacement curve; stress cloudmap:
(d) H� 6m and (e) H� 10m; (f ) stress curve; strain cloud map: (g) H� 6m and (h) H� 10m; (i) strain curve.
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3.4.2. Numerical Simulation of Funnel-Shaped Soil Holes
under Different Loads. Based on the study report results, the
thickness of the overlying soil layer in the area where the
funnel-shaped soil hole occurs ranges between 0.5m and
6m, while in most of the other parts the thickness of the
overlying soil layer is less than 10m.,e rare spots where the
soil layer is exceeding 20meters were identified by geo-
physical exploration methods. ,e thickness H of the
overlying soil layer is considered as H� 3m, H� 4m,
H� 6m, H� 8m, and H� 10m, respectively. ,ree different
scenarios where the uniform load value q is set to
q� 18.43 kPa, q� 34.66 kPa, and q� 50.89 kPa, respectively,
were selected as the house building load for the corre-
sponding numerical simulation model to obtain the cor-
responding displacement, stress, and strain values.

(1) q� 18.43 kPa: according to Figures 9(a) and 9(b),
when the thicknesses of the overlying soil layerH are
6m and 8m, then the obtained displacement values
are 4.76mm and 5.33mm, respectively. ,ere is an
obvious displacement at the roof of the soil cavern,
and it increases with the upward trend. ,e large
displacement of the soil cave concentrates in the
vertical direction of the roof and presents a sym-
metrical distribution. Under the same load, it can be
observed from Figure 9(c) that a thicker overburden

soil layer causes greater surface displacement values.
However, the increase in the soil layer thickness
makes the soil tunnel to be more stable. If the soil is
thinner, then the probability of collapse increases.
Figures 9(f ) and 9(i) indicate that stress and strain
tend to decrease significantly with the increase of the
soil thickness. ,e area with the largest stress values
is primarily concentrated around the soil cave body,
which is the compressive stress, with values of
0.039MPa and 0.037MPa. ,e strain occurs pre-
dominantly in the upper part of the soil layer, and the
larger strain concentrated in the top arch of the soil
tunnel has strain sizes of 1.3mm and 1.2mm.

(2) q� 34.66 kPa: according to Figures 10(a) and 10(b),
when the thicknesses of the overlying soil layerH are
6m and 8m are 8.98mm and 10.02mm, respectively.
,ere is a more obvious displacement at the top of
the soil cavern, and it increases as it goes up. ,e
larger displacement of the soil hole is concentrated in
the vertical direction of the top of the hole and has a
symmetrical distribution. Under the same load, it
can be observed from Figure 10(c) that a thicker
upper cover soil layer generates greater displacement
values. However, the increase in the soil layer
thickness causes the soil hole to be more stable. If the
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Figure 8: q� 50.89 kPa scenario. Results of displacement cloudmap: (a)H� 6m and (b)H� 10m; (c) displacement curve; stress cloudmap:
(d) H� 6m and (e) H� 10m; (f ) stress curve; strain cloud map: (g) H� 6m and (h) H� 10m; (i) strain curve.
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Figure 9: q� 18.43 kPa scenario. Results of displacement cloudmap: (a)H� 6m and (b)H� 10m; (c) displacement curve; stress cloudmap:
(d) H� 6m and (e) H� 10m; (f ) stress curve; strain cloud map: (g) H� 6m and (h) H� 10m; (i) strain curve.
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Figure 10: Continued.
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soil layer is thinner, then the likelihood of collapse
increases. Figures 10(f ) and 10(i) suggest that stress
and strain tend to significantly decrease with the
increase of the soil thickness. ,e area with larger
stress values is primarily concentrated around the
soil cave body, which is compressive stress, with
values of 0.074MPa and 0.070MPa. ,e strain oc-
curs predominantly in the upper part of the soil
layer. ,e larger strain concentrated in the roof arch
part of the soil tunnel has strain sizes of 2.4mm and
2.2mm. Based on the comparisons from Figure 10, it
can be concluded that the displacement, the stress,

and the strain of the same overburden are directly
correlated with the load increase.

(3) q� 50.89 kPa: according to Figures 11(a) and 11(b),
when the thicknesses of the overlying soil layerH are
6m and 8m, then the obtained displacement values
are 14.70mm and 15.49mm, respectively.,ere is an
obvious displacement at the roof of the soil cavern,
and it increases with the upward trend. ,e large
displacement of the soil cave concentrates in the
vertical direction of the roof and presents a sym-
metrical distribution. Under the same load, it can be
observed from Figure 11(c) that a thicker overburden
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Figure 10: q� 34.66 kPa scenario. Results of displacement cloud map: (a) H� 6m and (b) H� 10m; (c) displacement curve; stress cloud
map: (d) H� 6m and (e) H� 10m; (f ) stress curve; strain cloud map: (g) H� 6m and (h) H� 10m; (i) strain curve.
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Figure 11: q� 50.89 kPa scenario. Results of displacement cloud map: (a) H� 6m and (b) H� 10m; (c) displacement curve; stress cloud
map: (d) H� 6m and (e) H� 10m; (f ) stress curve; strain cloud map: (g) H� 6m and (h) H� 10m; (i) strain curve.
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soil layer induces greater surface displacement
values. However, the increase in the soil layer
thickness causes the soil tunnel to be more stable. If
the soil is thinner, then the probability of collapse
increases. Figures 11(f ) and 11(i) indicate that stress
and strain tend to significantly decrease with the
increase of the soil thickness. ,e area with the
largest stress values is primarily concentrated around
the soil cave body, which is the compressive stress,
with values of 0.089MPa and 0.086MPa. ,e strain
occurs predominantly in the upper part of the soil
layer.,e larger strain concentrated in the roof of the
soil cavern has strain sizes of 2.6mm and 2.5mm.
Based on the comparisons from Figure 11, it can be
inferred that the displacement, the stress, and the
strain of the same overburden tend to increase with
the load increase.

4. Conclusion

(1) ,e karst development in the study area is mainly
controlled by the Beiyinshan fault, which is con-
sistent with the strike of the fault. Karst is more
developed in the basin, in the foot slope, or in the
pass area. ,e carbonate distribution area within
290meters below the surface level is a vertical
seepage zone, and the karst has a predominantly
vertical form in its initial stage of formation. ,e
main factors contributing to karst collapse in the
study area are surface rainwater infiltration, vibra-
tions or earthquakes, and load pressure.

(2) ,e predominant lithologies in the study are rep-
resented by two distinct layers: red clay layer and tuff
layer. When the thickness of the upper overburden
layer is between 6 and 10m, then one-storey, two-
storey, or three-storey civil housing buildings can be
built. However, it is not recommended to construct
civil buildings when the thickness of the upper
overburden layer is less than 6m. ,e bearing ca-
pacity of the foundation in this area is limited;
therefore, it is not advisable to build high and large
civil constructions.

(3) In some cases, when the thickness of the overburden
soil layer is less than 6m and the soil holes are hidden,
the dynamic consolidation method should be applied
to destroy the structure of the soil layer, induce the soil
holes to collapse artificially, and subsequently take the
corresponding safety measures. Civil buildings can be
built on the bedrock if the bearing capacity require-
ments are met. It should be emphasized that the above
proposed housing construction scheme can only be
adopted on the premise of taking preventive measures
for karst collapse.
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