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Abstract: The accurate prediction of mine surface subsidence is directly related to the reuse area of
land resources. Currently, the probability integral method is the most extensive method of surface
subsidence prediction in China. However, its prediction precision largely depends on the accuracy of
the selected parameters. When the mining area lacks measured data, or the geological and mining
conditions change, particularly for large-scale surface subsidence prediction, the reliability of the
prediction of surface subsidence is poor. Moreover, there is a lack of a systematic summary of the
correct selection of prediction parameters. Based on this, the paper systematically investigated the
influence of geological and mining conditions on the prediction parameters of the probability integral
method. The research findings were obtained via theoretical analysis. The research outcomes can
provide a scientific basis for properly selecting the prediction parameters of the probability integral
method. Last, the results of this paper can be applied to predict the surface subsidence of Pei County
in the north, laying the foundation for the integration of Pei County.

Keywords: probability integral method; subsidence prediction; prediction parameters; northern Pei
County integration

1. Introduction

The exploitation of coal resources can cause various environmental and geological disasters [1,2],
which mainly refer to surface subsidence. Accurate prediction of surface subsidence is an important
means to prevent mining damages and reduce subsidence disasters. Meanwhile, it is directly related to
the reuse of the area of land resources. Therefore, the researchers have conducted exhaustive research
on the prediction methods of surface subsidence and have achieved fruitful results.

In the mining surface subsidence prediction of the caving mining, Soni adopted the
profile function method to conduct surface subsidence prediction of the inclined coal seams [3].
Baryakh established a dynamic prediction method of surface subsidence that incorporated the time
factor [4]. A three-dimensional n-k-g influence function was used by Nicieza to predict the surface
subsidence [5]. Moreover, Hejmanowski employed the spatial statistical method to learn the surface
subsidence prediction method [6]. The probability integral method was proposed by Liu to further
perfect Lee Pooh’s random medium theory [7]. Liu also established the Weibull method of surface
movement, with the overlying strata as a tatter block [8]. In addition, some scholars also worked
on the principles of surface subsidence such as insufficient mining [9,10], deep mining [11–14],
thick soil mining [15,16] and other special mining conditions [17–20], with the corresponding prediction
approaches of surface subsidence proposed. For the prediction of surface subsidence in backfilling
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mining, Guo put forward the surface subsidence prediction model based on the equivalent mining
height theory [21]. The prediction models established above can solve practical issues to a certain
extent. However, the probability integral method is the most widely used surface subsidence
prediction method.

The prediction parameters of the probability integral approach include subsidence coefficient,
horizontal movement coefficient, tangent of major influence angle, mining influence propagation angle
and inflection point offset. The five parameters intuitively reflect the relationship between the surface
subsidence basin and the area. Through the inversion of measured data, the prediction parameters of
most mines in China have been obtained, enabling the probability integral method the most widely
applied method. However, the prediction precision of this method largely depends on the accuracy
of the selected parameters. When the mining area absences measured data or the geological and
mining conditions vary, particularly for large-scale surface subsidence prediction, it will cause the
lack of a systematic summary for properly selecting prediction parameters. Therefore, it is necessary
to study the influence law of geological and mining conditions on the prediction parameters of the
probability integral means. The prediction parameters can be selected according to the relationship
between the parameters and the geological and mining conditions. Although some scholars have
worked on the influence of geological and mining conditions on the prediction parameters [22–25],
a more systematic analysis and summary still are required. Consequently, this paper systematically
investigates the impact of geological and mining conditions on the prediction parameters of the
probability integral method based on the theoretical analysis, and the corresponding research results
were attained. The findings can offer a scientific basis for properly choosing prediction parameters of
the probability integral method. Eventually, the research outcomes of this paper can be used to predict
the surface subsidence of northern Pei County and lay the foundation for the integration of this area.

2. Fundamental Parameters of Probability Integral Method

The theoretical basis of the probability integral method is the random medium theory.
The fundamental parameters of the probability integral method include subsidence coefficient,
horizontal movement coefficient, tangent of major influence angle, mining influence propagation
angle and inflection point offset. The accuracy of these selected parameters is directly related to the
prediction precision of surface subsidence in the mining areas.

The subsidence coefficient q represents the ratio of maximum surface subsidence value and the
projected length of coal seam mining thick in the vertical direction in full mining, as shown in Figure 1.
The subsidence coefficient is a key parameter for surface movement and deformation prediction, and its
calculation formula is as follows:

q =
W0

Mcosα
(1)

where: W0 is the measured maximum surface subsidence value when the strike and tendency reach
the full-mining;

q is the surface subsidence coefficient;
M is the coal seam mining thickness, m;
α is the coal seam dip angle, ◦.
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Figure 1. Schematic diagram of the subsidence coefficient.

Where: W0 is the measured maximum surface subsidence when the strike and tendency have
reached full-mining, mm; H is the mining depth of coal seam, m; M is the mining thickness, m; W(x) is
the surface subsidence function; s is the inflection point offset, m.

The inflection point offset s refers to the offset distance of the inflection point of the subsidence
curve from the mining boundary to the goaf. This is due to the cantilever effect of the roof at the mining
boundary. The value of the inflection point offset directly affects the shape and area of the surface
subsidence basin, as shown in Figure 1.

The horizontal movement coefficient b gives the ratio of maximum surface horizontal movement
value and the maximum surface subsidence value. The calculation formula can be expressed as:

b =
U0

W0
(2)

where: W0 is the measured maximum surface subsidence when the strike and tendency arrive the
full-mining, mm; U0 is the measured maximum surface horizontal movement when the strike and
tendency reach the full-mining, mm; b is the horizontal movement coefficient.

The tangent of major influence angle tan β is the tangent of angle β between the line of main
influence area boundary point and the mining boundary point and the horizontal line, as shown in
Figure 2. The tangent of major influence angle is the major parameter to determine the area of surface
movement and deformation, and the calculation formula is:

tanβ =
H
r

(3)

where:

H is the mining depth of the coal seam, m;
r is the main influence radius, m;
tan β is the tangent of the major influence angle.
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Where: W0 is the measured maximum surface subsidence when the strike and tendency the
full-mining, mm; r is the main influence radius, m; β is the main influence angle, ◦; H is the mining
depth of the coal seam, m; W(x) is the surface subsidence function.

The mining influence propagation angle is angle θ that is formed by the line of the inflection point
of the subsidence curve and the mining boundary point and the horizontal line under the condition of
the full mining, which is the index of deviation degree of surface subsidence basin.

3. Prediction Results of Mining Surface Subsidence of Northern Pei County for Reusing
Land Resources

Northern Pei County includes Peichen town, Datun town, Yangtun town, Longgu town and
Anguo town, as well as the new urban district and the development zone, with an area of 445 km2,

a population of 574,000 and 162 villages under the administration. As the main body of the Xu-Pei
coalfield, coal resources are abundant. The proved coal reserves are 2.4 billion tons, and the annual
high-quality raw coal output exceeds 13 million tons. There are Yaoqiao coal mine, Kongzhuang coal
mine, Xuzhuang coal mine, Longdong coal mine, Zhangshuanglou coal mine, Sanhejian coal mine,
Peicheng coal mine and Longgu coal mine. According to the actual situation, a comprehensive
development plan for northern Pei County was proposed to promote the integrated development
for the urban and rural coordination, finally solving issues of agriculture and enhance economic and
social development. Its nature determines northern Pei County as a joint development area with
the aim of eliminating region barriers and promoting resource integration. Moreover, integration
development involves planning and construction, industrial development, infrastructure development,
public service, labor employment, social management, ecological remediation, land in mining area
development, etc. Briefly, the integrated development goal will be achieved by coordinated planning,
institutional reform, mechanism innovation and policy adjustment.

One of the urgent issues in the process of northern Pei County integration is the use of subsidence
land in the mining areas. The development model of subsidence land use in mining areas should be
established on the basis of various locational conditions, ponding conditions, ecological environment
and social economy. It is related to sustainable development, intensive land use, the overall plan of
land use and urban planning. Northern Pei County has a flat terrain with densely distributed
river systems, roads and villages, and the underground coal resources are abundant, and the
economy is booming. However, the severe surface subsidence and deformation have caused land
resources degeneration, road damages, building deformation and ecological environment deterioration
due to the application of the caving method for roof management in underground coal mining.
The research on the mining-induced surface subsidence prediction in northern Pei County can provide
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an important scientific basis for coal mining subsidence area governance, land rehabilitation and
ecological environment improvement in the area.

3.1. The Influence of Geological and Mining Conditions on Prediction Parameters

The surface subsidence area and value have a great correlation with geological and mining
conditions. Generally, the geological and mining conditions include lithology of overlying strata,
mining thickness, mining depth, unconsolidated layer thickness, coal seam dip angle, mining degree,
multiple mining and roof management methods. This section systematically explores the influence
of geological and mining conditions on the prediction parameters of the probability integral method
based on theoretical analysis, and the corresponding findings were achieved.

3.1.1. Lithology of Overlying Strata

The lithology overlying strata has an impact on the surface subsidence coefficient. If the overburden
is a hard stratum, it can appear a large number of separations in the process of rock stratum movement
and destruction. If the overburden is a soft stratum, it is not easy to separate in the process of
rock stratum movement and destruction. Therefore, the harder the overlying strata, the smaller the
subsidence coefficient. The average consistency coefficient f of the overlying strata is usually used to
reflect the overburden lithology. As f increases, the subsidence coefficient will reduce. The calculation
method of f is as follows [26]:

f =
∑

MiRi
10

∑
Mi

(4)

In which:

Mi is the normal thickness of the i stratum, m;
Ri is the uniaxial compressive strength of the i stratum, Mpa;
f is the average consistency coefficient.

The lithology of overlying strata also has an influence on the tangent of major influence angle.
When the mining depth is the same, the overlying strata is harder, and the tangent of major influence
angle tanβ is smaller. The empirical formula of the relationship between tanβ and the lithology of
overlying strata is given in the literature [26]:

tanβ = (D + 0.0032H)(1− 0.0038α) (5)

where: D is the lithology influence coefficient, and it has a relation with the stratum comprehensive
evaluation coefficient P; H is the mining depth, m; tan β is the tangent of the major influence angle; α is
the inclined angle of the coal seam, ◦.

The strata are at the state of the cantilever beam due to the existence of the voussoir beam in the
goaf boundary. This part of the strata is hard to cave under the protection of the voussoir beam. If the
overlying strata are hard, the voussoir beam structure possibly is bigger, and the inflection point offset
should be larger.

In general, the tangent of the major influence angle has a correlation with the coal seam dip angle.
However, the lithology of overlying strata also has a certain influence on the value of the tangent of the
major influence angle. When the overlying strata are very soft, no matter how large the coal seam dip
angle is, the value of the tangent of the major influence angle is 90◦.

3.1.2. Mining Thickness

Mining thickness is an important factor affecting surface subsidence. The bigger the mining
thickness, the greater damage to the overburden. Thus, the subsidence coefficient increases with the
increase of the mining thickness. The influence of mining thickness on the subsidence coefficient is
related to the mining depth. The ratio of depth and thickness can be used to reflect the relationship
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between the subsidence coefficient, the mining depth and the mining thickness, and their relationship
can be expressed as [23]:

q = 1− 0.292 35
(

H − h
M

)0.054 573

(6)

where:

q is the surface subsidence coefficient;
H is the mining depth, m;
M is the mining thickness, m;
h is the unconsolidated layer thickness, m.

The mining thickness does not have much effect on the tangent of major influence angle, the mining
influence propagation angle and the inflection point offset.

3.1.3. Mining Depth

The influence of mining depth on subsidence coefficient and horizontal movement coefficient is
consistent. As the mining depth increases, the subsidence coefficient and the horizontal coefficient will
slightly decrease.

The mining depth has an effect on the tangent of the major influence angle. When the lithology of
overlying strata is the same, the tangent of the major influence angle will increase with the increase of
the mining depth. The relationship is given in Equation (7) [24].

tanβ = exp(0.00681H) × 1.713 (7)

where:

tan β is the tangent of the major influence angle;
H is the mining depth, m.

Last, the depth has a certain influence on the inflection point offset. Generally speaking, with the
increase of mining depth, the inflection point offset will increase linearly. In addition, the mining depth
does not have much impact on the mining influence propagation angle.

3.1.4. Unconsolidated Layer Thickness

A clay layer may not be consolidated since its mechanical property is special and has no tensile
strength. The unconsolidated layer only bends under the mining influence and will not crack,
expand and separate. Meanwhile, the unconsolidated layer also produces water loss, consolidation and
compression deformation that will increase the surface subsidence. In addition, the separation space is
narrowed with the increase of the unconsolidated layer thickness. If the thickness of the unconsolidated
layer thick is large, the subsidence coefficient may be greater than 1 in the first mining [9]. Under the
condition of the thick alluvial, the relationship between the subsidence coefficient, the mining depth
and the unconsolidated layer thickness can be expressed in Equation (8) [25]:

q = 0.68 + 0.036
Dθ
H

+ 0.2
h
H
− 0.0008HJ (8)

where: q is the surface subsidence coefficient; Dθ is the projection surface length of the working face
length according to the mining influence propagation angle, m; HJ is the bedrock thickness, m; H is the
mining depth, m; h is the unconsolidated layer thickness, m.

The unconsolidated layer thickness also has an influence on the horizontal movement coefficient.
The unconsolidated layer will backfill the subsidence space in the movement process due to its
rheological behavior. Meanwhile, the consolidated deformation and compression characteristics of
the unconsolidated layer can lead to an increase of degree and area of surface horizontal movement.
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Consequently, the horizontal movement coefficient increases with the increase of the unconsolidated
layer thickness. The relationship between the horizontal movement coefficient and the unconsolidated
layer thickness in Hebi mine can be expressed by Equation (9) [27]:

b = 0.1379 + 0.12378
h
H
± 0.04221 (9)

where: H is the mining depth, m; h is the unconsolidated layer thickness, m; b is the horizontal
movement coefficient.

The tangent of the major influence angle decreases with the increase of the unconsolidated layer
thickness. The reason is that the rheological behavior of the unconsolidated layer leads to the increase
of the surface horizontal movement area. The bigger the unconsolidated layer thickness, the larger the
area of surface movement basin. The relationship between the tangent of major influence angle and
the unconsolidated layer thickness in the thick alluvium areas of Shan-dong province can be expressed
by Equation (10) [25]:

tanβ = 0.0169
(

H − h
M

)
+ 1.7729 (10)

where: tan β is the tangent of the major influence angle. H is the mining depth, m; h is the unconsolidated
layer thickness, m. M is the mining thickness, m.

The unconsolidated layer thickness also does not have a great effect on the inflection point offset
and the mining influence propagation angle.

3.1.5. Coal Seam Dip Angle

Coal seam dip angle has a significant impact on the surface subsidence coefficient. The relationship
between the coal seam dip angle and the subsidence coefficient can be expressed by Equation (11):

q =
W0

Mcosα
(11)

where: W0 is the measured maximum surface subsidence when the strike and tendency achieve the
full-mining, mm; M is the mining thickness, m; α is the inclined angle of the coal seam, ◦.

The subsidence coefficient is directly associated with the coal seam dip angle according to
Equation (11). When the maximum surface subsidence is the same, the subsidence coefficient increases
with the increase of the coal seam dip angle.

The bedrock points horizontally move to the uphill coal direction when mining the inclined
coal seams, and this can drive the movement of the unconsolidated layers due to the friction role.
Therefore, the horizontal movement pointing to district rise increases during the mining of inclined
seams. The relationship between the horizontal movement coefficient of the inclined seam and the coal
seam dip angle can be expressed by Equation (12) [26]:

bc = b(1 + 0.0086α) (12)

where:

bc is the horizontal movement coefficient of the inclined seam;
b is the horizontal movement coefficient of the flat coal seam;
α is the inclined angle of the coal seam, ◦.

The inclined angle of the coal seam has a certain influence on the inflection point offset.
Voussoir beam structure cannot be formed in the boundary of district rise when the inclined angle of the
coal seam is large, and the voussoir beam is easy to lose stability in the boundary of descends mountain
direction due to the overburden load. Thus, the tangent of the major influence angle decreases with
the increase of the coal seam inclined angle.
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The mining influence propagation angle is the key parameter for the surface subsidence prediction
of the inclined seam, and it is mainly affected by the coal seam inclined angle. The mining influence
propagation angle decreases with the increase of coal seam inclined angle. The relationship between
the mining influence propagation angle and the coal seam inclined angle can be expressed by
Equation (13) [8]:

θ = 90◦ − kα (13)

where: k is the parameter that reflects the lithology of the overlying strata; θ is the mining influence
propagation angle, ◦.

3.1.6. Mining Degree

Mining degree refers to the surface subsidence extent caused by the mining under the fixed
geological and mining conditions. The ratio of mining width and mining depth D/H is usually taken
as the measurement of mining degree. When the mining degree is small, the subsidence coefficient
and the horizontal movement coefficient increase with the growing value of D/H. When the mining
degree reaches the full-mining, the subsidence coefficient and the horizontal movement coefficient
basically remain stable.

In addition, the inflection point offset can be influenced by the mining degree. When the mining
degree is small, the overlying strata form the voussoir beam structure, and the roof caving is insufficient
that causes the inflection point offset to become larger. As the mining degree increase, the inflection
point offset will decrease. The inflection point offset keeps a certain value when the mining degree
reaches full-mining. Consequently, the mining degree does not have much effect on the mining
influence propagation angle and the tangent of the major influence angle.

3.1.7. Multiple Mining

The first mining has softened the overlying strata and decreased the rock mass hulking quantity of
multiple mining. Meanwhile, the multiple mining can cause the activation of the abandoned mine goaf
and lead to an increase of surface movement and deformation. Therefore, the subsidence coefficient and
horizontal movement coefficient of the multiple mining are larger than the corresponding parameters in
the first mining. The relationship between the subsidence coefficient of first mining and the subsidence
coefficient of the multiple mining can be expressed by Equation (14) [26]:

q1 = (1 + a)q (14)

where: q1 is the subsidence coefficient of the multiple mining; q is the subsidence coefficient of the first
mining; a is the activation coefficient of the old goaf.

Multiple mining has a certain influence on the tangent of the major influence angle. The lithology
of overlying strata becomes soft after the first mining. Thus, the tangent of the major influence angle of
multiple mining is larger than the value of the first mining.

The lithology of overlying strata will be soft under the influence of the first mining and will be
decreased inflection point offset. Moreover, the inflection point offset is a negative value when the
distance between the working face and the abandoned mine goaf is close. In addition, multiple mining
does not have a significant effect on the mining influence propagation angle.

3.1.8. Roof Management Methods

The roof management methods can be usually divided into caving mining, strip mining and
backfilling mining. The above research of the influence law of geological and mining conditions on the
prediction parameters are for the caving approach.

The basic means of strip mining is to allocate the areas to be mined into the formal stripped shape.
The mining operation exploits one strip at a time and keeps one strip. The remaining strip coal pillars
can support the load of the overlying strata and cause slight surface movement and deformation,
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thus realizing the goal of recovering some coal resources and controlling surface subsidence.
Compared with caving mining, the mining degree of backfilling mining became smaller. Therefore,
the subsidence coefficient and the horizontal movement coefficient of backfilling mining are smaller
than the parameters of the caving mining. The correction formula of the subsidence coefficient and the
horizontal movement coefficient of strip mining can be expressed By Equations (15) and (16) [28]:

ηs

ηc
= 0.2663e−0.5753M

×

(
b

a + b

)2.6887

× ln
(

bH
a

)
+ 0.0336 (15)

bs

bc
= −0.0002

H(a + b)
b

+ 0.8786 (16)

where:

a is the retaining width of the pillar, m;
b is the mining width of the pillar, m;
H is the mining depth, m:
M is the mining thickness, m;
ηs is the subsidence coefficient of the strip mining;
ηc is the subsidence coefficient of the caving mining;
bs is the horizontal movement coefficient of the strip mining;
bc is the horizontal movement coefficient of the caving mining.

Compared with the caving mining, the surface movement and deformation of the backfilling
mining is relatively moderate and leads to the relatively smaller tangent of the major influence angle.
The correction formula of the tangent of the major influence angle for strip mining can be expressed by
Equation (17) [28]:

tanβs = 0.7847e−0.0012PHtanβc (17)

where: tanβs is the tangent of the major influence angle of the strip mining; P is the comprehensive
evaluation coefficient of the overburden strata; H is the mining depth, m; tanβc is the tangent of major
influence angle of the caving mining.

3.2. Prediction Parameters of Probability Integral Method of the Northern Pei County

According to the measured results of the surface movement observation station in the mines of
northern Pei County, the surface subsidence principles of this area are basically in accord with the
probability integral model. Many years of real practices in the mines of northern Pei County indicate
that the accuracy of surface subsidence predicted by the probability integral method can satisfy the
engineering precision requirement. Consequently, the probability integral method also can be applied
to predict and assess the surface subsidence of northern Pei County. Based on the analysis results of
the measured data of the surface movement in each mine, the fundamental subsidence prediction
parameters of every mine can be selected as in Tables 1–3.

Table 1. Fundamental prediction parameters of the coal mines belonged to Datun Coal Electricity Company.

Parameters Yao Qiao Xu Zhuang Kong Zhuang Long Dong

Subsidence coefficient 0.8 0.75 0.7 0.9
Horizontal movement coefficient 0.35 0.35 0.35 0.42
Tangent of major influence angle 1.9 1.7 1.7 1.6

Inflection point offset 0.12H 0.15H 0.15H 0.12H
Mining influence propagation angle 90◦−0.5a 90◦−0.5a 90◦−0.5a 90◦−0.5a
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Table 2. Fundamental prediction parameters of the coal mines affiliated with Xuzhou Coal Mining Group.

Parameters San He Jian and Zhang Shuang Lou

Subsidence coefficient 0.72
Horizontal movement coefficient 0.32
Tangent of major influence angle 2.0

Inflection point offset 0.1H
Mining influence propagation angle 90◦−0.5a

Table 3. Fundamental prediction parameters of the coal mines affiliated with Hua Run Group.

Parameters Pei Cheng Long Gu

Subsidence coefficient 0.72 0.89
Horizontal movement coefficient 0.32 0.35
Tangent of major influence angle 2.0 1.42

Inflection point offset 0.1H 0.1H
Mining influence propagation angle 90◦−0.5a 90◦−0.5a

3.3. Situation Analysis of Coal Mining Subsidence in the Northern Pei County by the End of 2014

The accumulated surface subsidence situations in each mine by the end of 2014 are calculated by
the probability integral approach based on the mining engineering plan and the influence of geological
and mining conditions on the prediction parameters and the fundamental prediction parameters.
Table 4 gives the maximum surface movement and deformation of the mines in northern Pei County.

Table 4. The maximum surface movement and deformation of mines in northern Pei County.

Mine
Subsidence

(mm)

Horizontal Movement
(mm)

Horizontal Deformation
(mm/m)

Inclination Deformation
(mm/m)

Curvature Deformation
(mm/m2)

North–South
Direction

East–West
Direction

North–South
Direction

East–West
Direction

North–South
Direction

East–West
Direction

North–South
Direction

East–West
Direction

Yao Qiao 7498 2054 1991 31 19 35 37 0.49 0.39
Xu Zhuang 6107 1669 1792 31.1 29.6 47.3 47.8 0.96 0.84

Kong Zhuang 5858 1502 1982 35.2 41.9 23.3 17.0 0.55 0.37
Long dong 5400 1800 2000 25 30 30 22 0.6 0.4
San He Jian 5801 1820 1284 16.14 10.13 24.34 16.49 0.21 0.14

Zhuang Shuang Lou 3948 1073 1118 10.8 15.0 21.6 23.6 0.23 0.32
Long Gu 1868 869 768 7.1 7.1 5.7 5.5 0.06 0.08

Pei Cheng 1379 410 400 5.46 5.91 7.02 6.48 0.24 0.13

Table 4 indicates that the maximum surface subsidence prediction value in the mining areas of
northern Pei County is 7498 mm located above Yaoqiao mine, while the minimum value is 1379 mm
located above Peicheng mine. The surface subsidence has a serious influence on the local landform and
ecological structure. Figure 3 demonstrates the subsidence area of the different subsidence range in the
mines of northern Pei County, and Figure 4 shows the subsidence area for the mines of Pei County.Appl. Sci. 2020, 10, x FOR PEER REVIEW 11 of 14 
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Figures 3 and 4 show that the accumulated subsidence area of mines in northern Pei County is
12,151.6 hectares by the end of 2014. Yaoqiao mine has the largest subsidence area, and the subsidence
area is 3855.9 hectares, while the subsidence area of Peicheng mine is the least, and the subsidence
area is 654.2 hectares. Meanwhile, the surface movement and deformation contour of the mines in
northern Pei County can be obtained according to the prediction results. Due to the paper length,
only the surface subsidence contour of the Longdong mine is given, as shown in Figure 5.Appl. Sci. 2020, 10, x FOR PEER REVIEW 12 of 14 
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Figure 5. The prediction subsidence contour and image addition of Northern Pei County.

Figure 5 suggests that the current situations of the subsidence area above the mines displayed
by the image are consistent with the subsidence prediction findings. With the high groundwater
level in northern Pei County, it is easy to form the water accumulated area in the larger subsidence
area and even form a larger area of the subsidence lakes as shown in the black areas of Figure 5.
The subsidence land can be reasonably planned and recycled according to the prediction outcomes of
the large area of surface subsidence in northern Pei County. The subsidence lakes can be transformed
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into the park, the wetland and the stable areas with a little subsidence, which can be transformed into
the construction lands, thereby realizing the overall plan of land in the mining areas and the laying
foundation for the integration of northern Pei County.

4. Conclusions

This paper systematically explores the influence law of the geological and mining conditions on
the prediction parameters of the probability integral method based on the theoretical analysis, and the
research findings were achieved. The research outcomes of the paper can be employed to predict the
surface subsidence of northern Pei County and can lay the foundation for the integration of this area.
Here, the research consequences are summarized as follows:

(1) The geological and mining conditions have different influences on the prediction parameters of the
probability integral method. The geological and mining conditions include lithology of overlying
strata, mining thickness, mining depth, unconsolidated layers thickness, coal seam dip angle,
mining degree, multiple mining and roof management methods. The fundamental prediction
parameters of the probability integral method contain subsidence coefficient, horizontal movement
coefficient, tangent of major influence angle, mining influence propagation angle and inflection
point offset. These factors can be regarded to foresee the large area of the surface subsidence.

(2) The maximum surface subsidence prediction value in the mines of northern Pei County is 7498
mm, located above Yaoqiao mine, while the minimum prediction value is 1379 mm, located above
the Peicheng mine by the end of 2014. In addition, the accumulated subsidence area in northern
Pei County is 12,151.6 hectares, while the subsidence area of Yaoqiao mine is the largest and the
subsidence area is 3855.9 hectares. In addition, the subsidence area of Peicheng mine is the least,
and the subsidence area is 654.2 hectares. The subsidence land can be reasonably planned and
recycled to achieve the overall planning of the land in the mining areas of northern Pei County.
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