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Abstract There has been a significant development

in the evaluation of methods to predict ground

movement due to underground extraction based on

geographical information systems (GIS). In order to

make the calculation of the backfill volume of road

collapse more convenient, the calculating methods of

backfill volumes of straight road collapse and bent

road collapse due to mining subsidence are derived

based on GIS in this paper. To ensure the calculation

accuracy of backfill volume, the interpolation method

is used for the calculation of backfill volumes of road

collapse in mining subsidence. Calculation procedure:

Firstly, the area of arbitrary cross-section of road is

calculated by geometric method. Further, the backfill

volume of road collapse between the two adjacent

cross-sections is the product of the area of cross-

section and the calculating step. The total backfill

volume of road collapse is calculated by the sum of the

backfill volume of road collapse between multiple

adjacent cross-sections. Then, the calculating methods

are embedded in the GIS platform for calculation. The

backfill volume of the railway collapse after the 1–12#

mining face is 58,113.25 m3.

Keywords Backfill volume of road collapse �
Straight road � Bent road � Mining subsidence � GIS

1 Introduction

The vertical and horizontal surface movements asso-

ciated with coal mining are known to have consider-

able impacts upon natural features (Chen et al. 2016;

Zahiri et al. 2006). Some serious mining subsidence

can cause great loss, such as destruction of buildings

and roads on the ground (Jiang et al. 2018; Yu et al.

2018). Especially in the past decade, with the large

exploitation of coal resources, collapse of mined-out

area occurred frequently.

Many methods have been developed for the

prediction of subsidence based on empirical methods,

such as those described by Hood et al. (1983). Profile

functions had been effectively applied to predict

subsidence above a longwall panel (Asadi et al.

2004). Semi-empirical methods of subsidence predic-

tion based on influence functions also had been used to

calculate subsidence at any surface point (Sheorey

et al. 2000). In addition, numerical analyses had been

used in subsidence modelling and in calculating the

movement of rock strata (Zhao et al. 2004). Hao et al.

(2013) used the environmental index to develop and
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design an integrated evaluation model for evaluating

sustainability of the ecological environment in the

mining area.

Using current prediction methods can predicate

vertical and horizontal components of subsidence.

But, for complex, multi-seam mining area with

complex mine geometry, it is difficult to use the

existing methods to predicate mining induced surface

subsidence (Esaki et al. 2008a, b). Due to computer-

based analytical methods can realistically simulate

spatially distributed time-dependent subsidence pro-

cesses, the means and methods of computer technol-

ogy have been adopted to predict and evaluate the

surface subsidence.

The current development of geographical informa-

tion systems (GIS) comprises a technology designed to

support 3D modeling and conduct interactive spatial–

temporal analysis (Ibrahim et al. 2012). The applica-

tion of GIS in mining subsidence damage evaluation

mainly includes: point object, line object and surface

object. Many scholars have studied the application of

GIS in the prediction and evaluation of mining

subsidence, mainly including program development

(Da et al. 2011; Zhang et al. 2013), model construction

(Malinowska 2011), estimation method (Blachowski

2016; Malinowska and Hejmanowski 2010; Li et al.

2012) and so on. T. Esaki et al. (Esaki et al. 2008a, b)

developed a new prediction method to calculate 3D

subsidence by combining a stochastic model of ground

movements and GIS. Lai et al. (2006) presented and

verified an integrated system within a GIS environ-

ment for predicting mining subsidence coupling the

time function and probabilistic integral method. Xiao

et al. (2014) analyzed LS Factor under Coal Mining

Subsidence Impacts in Sandy Region based on GIS.

Oh et al. (2011) analyzed factors that can affect ground

subsidence around abandoned mines in Jeongahm of

Kangwon-do by sensitivity analysis in GIS. Suh et al.

(2016) presented a case study of subsidence hazard

mapping in the vicinity of an abandoned coal mine

within GIS environment. A total of 85 flash flood

hazard locations (n = 85) were surveyed in the field

and plotted using GIS (Cao et al. 2016). Shu et al.

(2013) presented a case study of subsidence hazard

assessment using GIS in an abandoned coal mine area

of South Korea.

The backfill in subsided area is an important

method to decrease the subsidence-induced damage

from coal mining. The roads affected by mining

subsidence, especially for high-grade highways or

railways, are often difficult to relocate or rechannel.

To ensure the serviceability of roads affected by

mining subsidence, the backfill method in subsided

area is often adopted. (Concretely, to maintain the

stability of subgrade, the method that the subgrade is

backfilled when underground coal mining is often

adopted.) But, it is difficult to calculate the backfill

volume of the roads with different shapes and sizes,

directly. So, it is necessary to establish the dynamic

computational method of backfill of road collapse

based on the above application of GIS in mining

subsidence. In this paper, the calculating methods of

backfill volume of straight road collapse and backfill

volume of bent road collapse are derived. Then, the

calculating methods are embedded in the GIS platform

for calculation.

2 Calculation Principle of Backfill Volume of Road

Collapse

Probability integral method is the most widely used

method of mining subsidence prediction in numerous

prediction methods. Because the movement and

deformation prediction formulas contains probability

integral (or its derivative), this method is called the

probability integral method. The basic theory of this

method is stochastic medium theory. Probability

integral method is used to calculate the backfill

volume of road collapse, including the backfill volume

of straight road collapse and the backfill volume of

bent road collapse. The calculation method is derived

and then embedded in the GIS platform for calcula-

tion. The dynamic calculation of the backfill of road

collapse is realized based on the GIS system.

For the calculation of backfill volume of straight

road collapse: Firstly, the area of arbitrary cross-

section of straight road is calculated by geometric

method; Further, the backfill volume of road collapse

between the two adjacent cross-sections is obtained.

The backfill volume of road collapse on the road main

section would be equal to the sum of the backfill

volume of road collapse between multiple adjacent

cross-sections. For the calculation of backfill volume

of bent road collapse: The linear interpolation method

is adopted in the straight line segment of bent road.

The parabolic interpolation method is adopted in the

bend segment of bent road. Then, the calculation
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method of the area of cross-section of bent road and

backfill volume is similar to that of straight road.

3 Calculation of Backfill Volume of Straight Road

Collapse

3.1 Interpolation of Straight Road

Assuming that the straight road is situated in the

North–South main section of subsidence trough.

Figure 1 is the schematic diagram for the calculation

of backfill volume of straight road collapse. In Fig. 1,

the width of road is L (m), the slope angle of backfill is

b (�), Si and Si?1 are also the arbitrary cross-section of

straight road, wio, wiE, wiF, are also the point coordi-

nates values of backfill boundary, wio is situated in the

central line of cross-section.

Assume that the starting point of road is (xO, yO),

the calculating step is xd, yd, the midpoint xiO; yiOð Þ
coordinates of arbitrary cross-section of straight road

is:

xiO ¼ xO þ ði� 1Þxd
yiO ¼ yO

�
ð1Þ

xiE � xiA ¼ xiO � L

2
�WiO

tgb
yiE ¼ yiO

(
ð2Þ

xiF � xiB ¼ xiO þ L

2
þWiO

tgb
yiF ¼ yiO

(
ð3Þ

It is known that the three coordinates of one cross-

section are ðxiO; yiOÞ, ðxiE; yiEÞ, ðxiF; yiFÞ, respectively.
The subsidence value.

wiO, wiE, wiF of these three coordinates can be

calculated respectively by calculation module of

mining subsidence.

3.2 Calculating the Area of Cross-Section

The area of the i-th cross-section (polygon ‘‘OFCDE’’)

is:

Si ¼ SiðABCDÞ � SiðAOEÞ � SiðOBFÞ ð4Þ

where

Fig. 1 Schematic diagram for the calculation of backfill volume of straight road collapse
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SiðABCDÞ ¼ LþWiO

tgb

� �
WiO ð5Þ

SiðAOEÞ ¼
1

2

L

2
þWiO

tgb

� �
WiO �WiEð Þ ð6Þ

SiðOBFÞ ¼
1

2

L

2
þWiO

tgb

� �
WiO �WiFð Þ ð7Þ

Similarly, the area of the (i ? 1)-th cross-section

(polygon ‘‘OFCDE’’) is:

Siþ1 ¼ Siþ1ðABCDÞ � Siþ1ðAOEÞ � Siþ1ðOBFÞ ð8Þ

The calculation method of Siþ1ðABCDÞ, Siþ1ðAOEÞ,
Siþ1ðOBFÞ in formula (8) is the same as that of formula

(5), (6) and (7).

3.3 Calculating of the Backfill Volume of Road

Collapse

The backfill volume Vi of road collapse between cross-

section Si and Siþ1 is:

Vi ¼
Si þ Siþ1

2
xd

So, the backfill volume Vtotal of road collapse on the

road main section is:

Vtotal ¼
Xn
i¼1

Vi

¼ S0 þ Sn

2

� �
þ S1 þ S2 þ � � � þ Sn�1ð Þ

� �
xd

The calculating method of the backfill volume of

road collapse in the East–West main section is the

same as that of the backfill volume of road collapse in

the North–South main section.

The smaller the calculating step xd is, the higher the

calculation accuracy is. However, over-small calcu-

lating step will extend the calculating time of

computer. Obtained by multiple tests: the calculating

step xd in this range (0 B xd B L/2) has little effect on

the calculation accuracy (as shown in Fig. 2).

When the road is in a skew line (that is, the straight

road is situated in the non-princip of subsidence

trough), (this is only a special case of bent roads), the

interpolation method of the coordinate is as fellows:

xi ¼ x0 þ Ldði� 1Þ cos a
yi ¼ y0 þ Ldði� 1Þ sin a

(
ð9Þ

The calculating of the backfill volume of the

straight road that is situated in the non-princip of

subsidence trough can reference the calculating of the

backfill volume of bent road in fourth quarter.

4 Calculation of Backfill Volume of Bent Road

Collapse

4.1 Interpolation Method of Bent Road

When the bent road is situated above coal face (as

shown in Fig. 3), the bent road is deemed as a line

object in GIS. When the road is inputted by digitiza-

tion or built database by other ways, assume that any

coordinate is (xi, yi), i = 1,2,3…n. The distance

between the two adjacent points is related to the

curvature of bent road. Usually, at the gentle bend

segment of bent road, the number of points is less and

Fig. 2 Coordinate interpolation of skew line road. (xO, yO) is

the starting point coordinate of road collapse calculation, a is the
angle between the road and the East–West direction, Ld is the

step of interpolation calculation

Fig. 3 Location diagram of bent road
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the distance between two adjacent points is larger. At

the steeply bend segment of bent road, the number of

points is more and the distance between two adjacent

points is smaller. In order to ensure the calculation

accuracy of backfill volume of road collapse, it is

necessary to increase the density of calculating point.

So, the interpolation is necessary on the basis of the

original digital coordinate.

The requirement of interpolation and basic

hypothesis:

� The coordinate of interpolation are

merely used for the mining subsidence

calculation of discrete points, and the

geographic information and spacial form

of bent road is not changed.

` To ensure the calculation accuracy of

backfill volume of road collapse, the

interpolation points should be situated on

the primary bent road as far as possible.

´ After interpolation, the distances

between arbitrary two adjacent points

are less than or equal to the prescribed

step.

ˆ The bent road is a continuous open curve.

There may be two cases in the original digital bent

road: � The linear interpolation is adopted in the

straight line segment (that is, the slopes of at least three

adjacent points are equal), and the linear interpolation

method is the same as the formula (9);` The parabolic

interpolation is adopted in the bend segment (that is,

the slopes of at least three adjacent points are

unlikeness).

1. The linear interpolation method in the straight line

segment of bent road

Assume that the function value of the end point of

known interval: yk ¼ f ðxkÞ, ykþ1 ¼ f ðxkþ1Þ. The linear
interpolation polynomial is required that:

L1 xkð Þ ¼ yk

L1 xkþ1ð Þ ¼ ykþ1

The geometric meaning of y ¼ L1ðxÞ is the straight
line through the two points: ðxk; ykÞ and ðxkþ1; ykþ1Þ.
As shown in Fig. 4a, the geometric expressions of

L1ðxÞ can be derived directly from the geometric

meaning.

L1ðxÞ ¼
xkþ1 � x

xkþ1 � xk
yk þ

x� xk

xkþ1 � xk
ykþ1 ð10Þ

From the formula (10), it can be understood that

L1ðxÞ is made up of two linear functions that are

l1ðxÞ ¼ x�xkþ1

xk�xkþ1
and l1þ1ðxÞ ¼ x�xk

xkþ1�xk
, respectively. The

coefficient of two linear functions are yk and ykþ1,

respectively. So, the expression of L1ðxÞ is:

L1ðxÞ ¼ yklkðxÞ þ ykþ1lkþ1ðxÞ ð11Þ

Obviously, lkðxÞ and lkþ1ðxÞ are also linear inter-

polation polynomials. At the node xk and xkþ1, lkðxÞ
and lkþ1ðxÞ satisfy the condition:

lkðxÞ ¼ 1; lkðxkþ1Þ ¼ 0;

lkþ1ðxkÞ ¼ 0; lkþ1ðxkþ1Þ ¼ 1;

lkðxÞ and lkþ1ðxÞ are linear interpolation basic

function, Fig. 4b are the images of lkðxÞ and lkþ1ðxÞ.
In addition, the functions of the system should be

also satisfied:ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
xk � xð Þ2þ yk � yð Þ2

q
� Ld ð12Þ

where Ld is the minimum distance between two

adjacent points.

2. The parabolic interpolation method in

the bend segment of bent road

� Quadratic interpolation basic function

Assume that three nodes of interpolation are

xk�1; xk; xkþ1, respectively. Quadratic interpolation

polynomial L2ðxÞ are required to satisfy:

L2ðxjÞ ¼ yj; ðj ¼ k � 1; k; k þ 1Þ; ð13Þ

The basic functions Lk�1ðxÞ; LkðxÞ; Lkþ1ðxÞ is

quadratic function. And the basic functions in node

of interpolation are satisfied:

Lk�1ðxk�1Þ ¼ 1 Lk�1ðxjÞ ¼ 0 ðj ¼ k � 1; kÞ
LkðxkÞ ¼ 1 LkðxjÞ ¼ 0 ðj ¼ k � 1; k þ 1Þ
Lkþ1ðxkþ1Þ ¼ 1 Lkþ1ðxjÞ ¼ 0 ðj ¼ k � 1; kÞ

8<
:

ð14Þ

It is easy to derive the quadratic interpolation basic

function satisfied the formula (14). For example,

derive the expression of Lk�1ðxÞ: due to two zero

points xk and xkþ1, the expression of Lk�1ðxÞ is:
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Lk�1ðxÞ ¼ Aðx� xkÞðx� xkþ1Þ

where A is undetermined coefficient. Because of the

condition: Lk�1ðxk�1Þ ¼ 1, A is defined as:

A ¼ 1

ðxk�1 � xkÞðxk�1 � xkþ1Þ

So,

Lk�1ðxÞ ¼
ðx� xkÞðx� xkþ1Þ

ðxk�1 � xkÞðxk�1 � xkþ1Þ
ð15Þ

Similarly,

LkðxÞ ¼
ðx� xk�1Þðx� xkþ1Þ
ðxk � xk�1Þðxk � xkþ1Þ

ð16Þ

Lkþ1ðxÞ ¼
ðx� xk�1Þðx� xkÞ

ðxkþ1 � xk�1Þðxkþ1 � xkÞ
ð17Þ

The three patterns of the quadratic interpolation

basic function Lk�1ðxÞ, LkðxÞ, Lkþ1ðxÞ on the interval

½xk�1; xkþ1� are shown in Fig. 5.

` Quadratic interpolation polynomial

On the basis of the quadratic interpolation basic

function Lk�1ðxÞ, LkðxÞ, Lkþ1ðxÞ, the quadratic inter-

polation polynomial can be derived as follows:

L2ðxÞ ¼ yk�1Lk�1ðxÞ þ ykLkðxÞ þ ykþ1Lkþ1ðxÞ ð18Þ

Put Lk�1ðxÞ, LkðxÞ, Lkþ1ðxÞ into formula (18):

L2ðxÞ ¼ yk�1

ðx� xkÞðx� xkþ1Þ
ðxk�1 � xkÞðxk�1 � xkþ1Þ

þ yk
ðx� xk�1Þðx� xkþ1Þ
ðxk � xk�1Þðxk � xkþ1Þ

þ ykþ1

ðx� xk�1Þðx� xkþ1Þ
ðxkþ1 � xk�1Þðxkþ1 � xkÞ

ð19Þ

In addition, the functions of the system should be

also satisfied:ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
xk � xð Þ2þ yk � yð Þ2

q
� Ld ð20Þ

where Ld is the minimum distance between two

adjacent points.

(a) (b)

Fig. 4 Schematic diagram for the linear interpolation in the straight line segment of bent road

Fig. 5 The three patterns of the quadratic interpolation basic function
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4.2 Calculating wiO;wiE;wiF of the i-th Cross-

Section

The schematic diagram of the calculation of backfill

volume of bent road collapse is shown in Fig. 6. The

parameters in the schematic diagram are similar to

those in Fig. 1: the width of road is L (m), the slope

angle of backfill is b (�), and so on. From Fig. 6, it can

be understood that the plane coordinate values of

ðxiO; yiOÞ, ðxiA; yiAÞ, ðxiB; yiBÞ in the i-th cross-section

is:

xiO ¼ xi0

yiO ¼ yi0

(
ð20Þ

xiA � xiE ¼ xiO � L

2
�WiO

tgb
yiA ¼ yiO

(

xiB � xiF ¼ xiO þ L

2
þWiO

tgb
yiB ¼ yiO

(

It is known that the three coordinates of one cross-

section are ðxiO; yiOÞ, ðxiA; yiAÞ, ðxiB; yiBÞ, respectively.
The subsidence value wiO, wiE, wiF of these three

coordinates can be calculated respectively by calcu-

lation module of mining subsidence.

4.3 Calculating the Area of Cross-Section

The area of the i-th cross-section is:

If wiBj j[ wiOj j[ wiAj j;
SiðABCDÞ ¼ SiðEFCDÞ � SiðAOEÞ þ SiðOBFÞ

ð21Þ

If wiBj j\ wiOj j\ wiAj j;
SiðABCDÞ ¼ SiðEFCDÞ þ SiðAOEÞ � SiðOBFÞ

ð22Þ

where

SiðABDCÞ ¼ LþWiO

tgb

� �
WiO ð23Þ

SiðAOEÞ ¼
1

2

L

2
þWiO

tgb

� �
WiO �WiAð Þ

����
���� ð24Þ

SiðOBFÞ ¼
1

2

L

2
þWiO

tgb

� �
WiO �WiFð Þ

����
���� ð25Þ

Similarly, the area Siþ1ðABCDÞ of the (i ? 1)-th

cross-section can be calculated. The calculation pro-

cedure of Siþ1ðABCDÞ is the same as that of SiðABCDÞ.

Fig. 6 Schematic diagram for the calculation of backfill volume of bent road collapse
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4.4 Calculating of the Backfill Volume of Road

Collapse

The backfill volume Vi of road collapse between cross-

section Si and Siþ1 is:

Vi ¼
Si þ Siþ1

2
Ldi

So, the backfill volume Vtotal of bent road collapse

is:

Vtotal ¼
Xn
i¼1

Vi

Based on the above researches, the author works

out a program used in calculation of backfill volume of

road collapse due to mining subsidence by Fortran90

language under Visual Fortran 6.5. With this program,

the backfill volumes of straight road collapse and bent

road collapse due to mining subsidence are calculated.

5 Example Analysis

The example region consists of 12 mining areas

numbered 1#–12#. The bent railroad passes through

the upper part of the mining areas. The pavement

width and slope angle of the railway is 7 m and 35�,
respectively. The layout of the mining face is

presented in Fig. 7. The coal seam thickness is

3.7 m. The dip length of the mining face is 130 m.

The maximum and minimum strike length of the

mining face are 1130 m and 940 m, respectively. And

the strike length of each mining area shall be

determined according to the grid distance in Fig. 7.

The mining depths of working face 1–12# are

320.0 m, 320.0 m, 345.3 m, 345.3 m, 368.6 m,

396.3 m, 396.3 m, 423.3 m, 423.3 m, 451.5 m,

451.5 m and 451.5 m, respectively. The prediction

parameter of probability integral method is shown in

Table 1. K in Table 1 is mining influence propagation

coefficient.

Put the above parameter into the program and

calculate. The results are as follows:

Subsidence value\=20(mm); subsidence volume = 8992.16(m3)

2000 =\subsidence value\=50(mm); subsidence volume =

25598.26(m3)

5000 =\subsidence value\=100(mm); subsidence volume =

38490.41(m3)

10000 =\subsidence value\=200(mm); subsidence volume =

69145.74(m3)

20000 =\subsidence value\=400(mm); subsidence volume =

121006.08(m3)

40000 =\subsidence value\=600(mm); subsidence volume =

105886.69(m3)

60000 =\subsidence value\=800(mm); subsidence volume =

95189.07(m3)

80000 =\subsidence value\=1000(mm); subsidence volume =

86480.33(m3)

100000 =\subsidence value\=1200(mm); subsidence volume =

78858.73(m3)

120000 =\subsidence value\=1400(mm); subsidence volume =

71873.45(m3)

140000 =\subsidence value\=1600(mm); subsidence volume =

65234.26(m3)

160000 =\subsidence value\=1800(mm); subsidence volume =

58698.47(m3)

180000 =\subsidence value\=2000(mm); subsidence volume =

52014.22(m3)

200000 =\subsidence value\=2200(mm); subsidence volume =

44742.26(m3)

220000 =\subsidence value\=2400(mm); subsidence volume =

26135.88(m3)

240000 =\subsidence value\=2400(mm); subsidence volume =

184870.7(m3)

240000 =\subsidence value\=2600(mm); subsidence volume =

13442.76(m3)

260000 =\subsidence value\=2600(mm); subsidence volume =

138632.88(m3)

260000 =\subsidence value\=2800(mm); subsidence volume =

8548.67(m3)

Subsidence value[2800(mm); subsidence volume = 3230.4(m3)

Subsidence value[2800(mm); subsidence volume =

6937.54(m3)

The total subsidence volume of the mining face 1-6# =

1,304,008.96(m3)–calculated date(20,170,516): calculating

time(15:32:03)

T001: The backfill volume of railway collapse after 1-12#

mining face (m3)58,113.25
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So, the backfill volume of the railway collapse after

the 1–12# mining face is 58,113.25 m3.

6 Conclusion

In order to make the calculation of the backfill volume

of road collapse more convenient, the calculating

methods of backfill volumes of straight road collapse

and bent road collapse are derived in this paper based

on the existing application of GIS in mining

subsidence.

For the calculation of backfill volume of straight

road collapse: Firstly, the area of arbitrary cross-

section of straight road is calculated by geometric

method; Further, the backfill volume of road collapse

between the two adjacent cross-sections is obtained.

The backfill volume of road collapse on the road main

section would be equal to the sum of the backfill

volume of road collapse between multiple adjacent

cross-sections. The backfill volume Vtotal of road

collapse on the road main section is:

Vtotal ¼
Xn
i¼1

Vi

¼ S0 þ Sn

2

� �
þ S1 þ S2 þ � � � þ Sn�1ð Þ

� �
xd

For the calculation of backfill volume of bent road

collapse: The linear interpolation method is adopted in

the straight line segment of bent road, the parabolic

interpolation method is adopted in the bend segment of

bent road. Then, the calculation method of the area of

cross-section of bent road and backfill volume is

similar to that of straight road. The backfill volume

Vtotal of bent road collapse is:

Vtotal ¼
Xn
i¼1

Vi

Then, the calculating methods are embedded in the

GIS platform for calculation. The calculations are

carried out by an example. The example region

consists of 12 mining areas numbered 1#–12#. The

bent railroad passes through the upper part of the

Fig. 7 Layout of the mining face

Table 1 The predictive parameters of probability integral method

Mining face

number

Dip angle of

coal seam (�)
Subsidence

coefficient

Horizontal shift

coefficient

k Downhill

tgb
Rise

tgb

1# 12 0.82 0.3 0.6 2 2

2# 12 0.82 0.3 0.6 2 2

3# 12 0.82 0.3 0.6 2 2

4# 12 0.82 0.3 0.6 2 2

5# 12 0.82 0.3 0.6 2 2

6# 12 0.82 0.3 0.6 2 2

7# 12 0.82 0.3 0.6 2 2

8# 12 0.82 0.3 0.6 2 2

9# 12 0.82 0.3 0.6 2 2

10# 12 0.82 0.3 0.6 2 2

11# 12 0.82 0.3 0.6 2 2

12# 12 0.82 0.3 0.6 2 2
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mining areas. The backfill volume of the railway

collapse after the 1–12# mining face is 58,113.25 m3.
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