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Abstract 
It is the premise of preventing water inrush accident and ensuring mine safety 
to make clear the development height of water-conducting fracture zone. 
Based on rock mechanics and hydrogeological parameters of Songxian Gold 
mine, the height of water-conducting fissure is 8.38 m according to empirical 
formula method. By using discrete element software UDEC, numerical simu-
lation method and Mohr-Coulomb constitutive model as the plastic yield cri-
terion of rock and soil mass, it is determined that the development height of 
water fracture zone in stope 050001-07 filling mining of gold mine is about 9 
m. Field measurement shows that the development height of the water-con-
ducting fracture zone is 8.12 m. In summary, the height of the water-conduct-
ing fracture zone obtained by the three methods is 8.38 m, 9 m and 8.5 m, 
respectively. It can be seen that the height difference between the numerical 
simulation and the measured one is 9.78%. 
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1. Introduction 

Mineral resources are the foundation of human civilization and progress, national 
economic development and scientific and technological revolution. According to 
statistics, at present, more than 92% of China’s primary energy and more than 
80% of industrial raw materials come from mineral resources, and the develop-
ment and utilization of mineral resources has become an important pillar of 
China’s social and economic development [1]. After more than 60 years of efforts, 
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China has become a major mining country in the world, there are more than 
160,000 non-coal mines, the total industrial output value of more than 100 billion 
yuan, accounting for 1.12% of GDP, of which the content of gold mines in 2023 
has reached 3203.77 gold tons. China’s gold reserves are the fifth largest in the 
world, and its mining volume is the first in the world [2]. 

The occurrence areas of metal deposits often experience strong tectonic activi-
ties and metamorphism, resulting in prominent ground stress, complex rock mass 
structure, joint fissure development, and common fault fracture zones. These ge-
ological characteristics aggravate the geological disasters caused by underground 
mining activities, such as ground pressure appearance, rock movement, and sur-
face subsidence, which seriously affect the safety production of mines [3]-[6]. If 
the water-conducting fissure develops into the upper water-bearing body, the sur-
face and upper groundwater may collapse into the well. There are two possible 
reasons for the water-carrying body: on the one hand, the natural geological fis-
sure existing in the surrounding rock may play a role in conducting water; on the 
other hand, the disturbance of the surrounding rock and roof of the upper and 
lower wall caused by the mining of the deposit will result in the rapidly developing 
water-conducting fissure [7] [8]. Therefore, it is necessary to first study the geo-
logical characteristics of surrounding rock to find out whether there is a possibility 
of natural spring, and then study the deformation of backfill and surrounding rock 
and the possibility and development height of water-conducting fractures under 
the condition of incomplete roof connection in late filling [9] [10]. The accurate 
prediction of the fissure zone is not only related to the life and property safety of 
the underground workers, but also to the national energy security. Understanding 
the development law of overlying rock failure can clarify the probability of water 
inrush accident in mine, which is an important basis for predicting water inrush 
and making preventive measures in advance. Therefore, it is of great significance 
to study the development law of water-conducting fracture zone of overlying rock 
in gold filling mining for underground safety production. 

The caving and falling of the rock mass of metal ore is mostly in the state of 
“arch”. Under some special geological and mining conditions, the caving and fall-
ing of overlying rock will also show other different forms, such as “collapse pit”, 
“barrel”, “pipe” or “funnel”. At present, domestic and foreign experts have carried 
out a large number of studies on the height change of water-conducting fracture 
zone, and explored the law of the development height change of fracture zone 
through laboratory experiments, field tests, numerical simulation and other meth-
ods. For example, scholar Geng Xinsheng [11] studied the influence of different 
filling rates on the movement rule of overburden rock, and analyzed the stability 
and movement characteristics of overburden rock in gangue filling mining by 
combining mechanical analysis, physical simulation and numerical simulation. 
With Macheng Iron Mine as the engineering background, scholar Ma Yinge [12] 
used numerical simulation methods to study the effects of multi-section superim-
posed mining, different filling rates, different filling strength and mining sequence 
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on surface movement and deformation of steep inclined ore bodies. 

2. Theoretical Calculation of the Height of Water Conduction 
Fracture Zone 

2.1. Mining Area Profile 

Songxianshan Gold mining area is located in Dazhang Town, Songxian County, 
Luoyang City, Henan Province. At present, it mainly mines the 100-middle, 140-
middle and 160-middle orebodies of M1-II orebodies. The control length of M1-
II orebodies along the strike is 380 m, the ore-body along the dip is in a soothing 
wave shape, the control vertical depth is 594 m, and the occurrence elevation of 
orebodies is −20 to +574 m. The ore body strikes about 20˚ - 25˚, dips to the 
northwest, and dips 53˚ - 68˚. The maximum thickness of the ore body is 19.99 
m, the minimum thickness is 0.7 m, and the average thickness is 3.69 m. The gold 
grade is generally 1.32 - 17.44 g/t, and the average gold grade is 4.33 g/t. The ore 
body in the whole mining area is a gold deposit of tectonic-altered rock type, 
which mainly occurs in the M1 tectonic-altered fracture zone and is strictly con-
trolled by the M1 tectonic-altered fracture zone. The surrounding rock is mainly 
dacite and rhyolite. As the M1 tectonic-altered fracture zone is both a ore-con-
ducting structure and a water-bearing structure, the integrity and stability of ore 
and rock are poor, and the structural cracks are prone to collapse. It has a great 
impact on the mining of ore deposits. 

2.2. Calculation of the Height of Fracture Zone with Equivalent 
Production Height 

Equivalent mining height represents the value of mining height that is equivalent 
to the actual participation in the development of water-conducting fissure zone 
after the overlying rock layer of the mining zone is supported by the filling body 
during the moving process. By determining the equivalent mining height, the re-
lationship model between the traditional mining height and the height of the hy-
draulic fracture zone can be effectively applied to the filling mining scenario. Sub-
sequently, the concept of equivalent mining height is proposed in order to predict 
the height of hydraulic fracture zone development in the overlying rock layer in 
infill mining. Equivalent mining height is the space (height) where the top and 
bottom plates of infill mining are allowed to move closer, i.e., it is equivalent to 
directly mining the ore body with the thickness of the equivalent mining height. 
Equivalent mining height is calculated as： 

 ( )1cM H B h= − −  (1) 

In its formula: B  is the compression rate of the filling body; H  is the height 
of the mining face stage, m; h is the height of the filling body, m; cM  is the 
equivalent mining height, m. 

In this equivalent mining height concept, only three parameters are included, 
and the mining height and the height of the filling body can be obtained directly 
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by measuring tools, and the compression rate of the filling body is measured. It 
can be seen from the measurement: the mining height is 4 m, the filling height is 
3.2 m, the compression rate of the filling body is 3.65%, according to the formula 
(1) to get the equivalent mining height Mc is 0.92 m. The empirical formula for 
the maximum height of the water-conducting fissure zone is shown in Table 1. 
after the measurement, the compressive strength of the rock in the Songxian Shan-
jin gold mine filling mining area is less than 40 MPa, and the inclination angle of 
the ore body is 60˚, so according to Table 1, we can get the formula for the height 
of the water-conducting fissure zone. 

Belt height calculation formula: 

 100  7.3
7.5 293

c
li

M hH
h

= +
+

 (2) 

where: liH —height of water conduction fracture zone (m). 

cM —is the equivalent mining height (m), which adopts 0.92 m. 
h —refers to the stage height of the mining face (m), and adopts the elevation 

+168 − (+164.0) = 4 m. 
Substituting into Equation (2) shows that the calculation results are as follows: 

100M 100 0.92 47.3 7.3 8.44
7.5 293 7.5 4 293

c
li

hH m
h

× ×
= + = + =

+ × +
 

It is concluded that the maximum height of water conduction fracture zone 
under surrounding rock filling mining of gold mine is 8.44 m. 
 

Table 1. Empirical formula of maximum height of water-conducting fracture zone. 

Orebody 
dip (˚) 

Compressive strength of 
rock (MPa) 

Rock name Empirical formula 

0 - 54 

40 - 60 
Diabase, limestone, siliceous rock, conglomerate, 

sand conglomerate, sandy shale, etc. 
100 11.2

2.4 2.1
c

li
MH

n
= +

+
 

20 - 40 Sandy shale, argillaceous sandstone, shale, etc. 
100 5.1

3.3 3.8
c

li
MH

n
= +

+
 

<20 
Weathered rock, shale, argillaceous sandstone, 
clay rock, Quaternary and Tertiary loose, etc. 

100 5.1
5.1 5.2

c
li

MH
n

= +
+

 

55 - 85 

40 - 60 
Diabase, limestone, siliceous rock, conglomerate, 

sand conglomerate, sandy sheet, etc. 
100 8.4

4.1 133
c

li
M hH

n
= +

+
 

<40 
Sandy shale, argillaceous sandstone, shale, 

weathered rock, argillaceous sandstone, clay rock, 
Quaternary and Tertiary unconsolidated strata, etc. 

100 7.3
7.5 293

c
li

M hH
h

= +
+

 

3. Numerical Simulation 

The collapsing process of the overlying rock layer caused by the mining of gold 
ore body belongs to the damage process of discontinuous solid medium, and 
UDEC software has more obvious advantages in dealing with discontinuous me-
dium, especially suitable for the study of the damage process of solid medium un-
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der the action of loading. According to the mechanical properties of rocks in 
Songxianshan gold mine and the actual geological mining conditions on site, the 
numerical simulation makes the following settings: 

1) The block intrinsic model adopts elastic model, which satisfies the Mohr-
Coulomb yield criterion. 

2) The distribution of the surface and ore body shows a hierarchical distribu-
tion, and the rock body is homogeneous and isotropic. 

3) The tensile strength of the surrounding rock body is zero. 

3.1. Abbreviations and Acronyms 

According to the actual mining condition of Songxian mountain gold ore body 
can be seen, the size of the mining field is generally 40 - 60 m in length, the size of 
the simulation design mining field is 40 m, the average inclination angle of the ore 
body is 60˚, the height of the ore body is taken as 40 m, the width of the ore body 
is 4 m in thickness, the height of the middle section is 40 m in height, and 4 m in 
each sublayer, there are a total of five mining rooms, the size of each mining room 
is 6 m × 4 m, and the ore pillars are 4 m × 4 m, and the next step in the ore rooms 
mined in the previous step have been filled before mining back. Using UDEC nu-
merical simulation software, a numerical calculation model was established, and 
the model was moderately streamlined, with a size of 80 m × 40 m (length × 
width). 

Boundary conditions: fixed displacement constraints are applied around and at 
the bottom of the model, and stress constraints are applied at the top of the model. 
In order to simplify the study model, a vertical stress load is applied to the top of 
the model without affecting the area of the study ore body, calculated as: 

 Z Hσ γ=  (3) 

where:  γ  is the volumetric force of the overlying rock layer (KN/m3); H  is the 
burial depth at the top of the model (m). 

The model only applies the self-gravitating stress pick of the upper rock mass, 
the upper rock mass is probably the height is 460 m rock gravity, the density of 
the ore is taken as the density of the ore is 2700 Kg/m3. So applying a uniform load 
on the top of the model, substituting into Equation (3) shows that  

2700 9.8 460 12171600 pa 12 MpaZ Hσ γ= = × × = ≈ . Therefore a stress bound-
ary condition of 12 MPa is applied at the top of the model. 

The model is divided into the upper disk and lower disk, the middle part of the 
ore body, the ore body according to the height of 10 m for a stratification, divided 
into the ore body 1, 2, 3 and 4, the ore body studied in this paper is located in the 
first stratification of the ore body 2, from the upper disk to the lower disk mining, 
according to the order of the mining room in order to mine a total of five mining 
rooms, the left and right sides of the addition of pillars to prevent the boundary 
effect, as shown in Figure 1 numerical simulation grouping diagrams. 

According to the geological report of Songxianshan Gold mine and related rock 
mechanics test results, the reduction coefficient method is used to determine the  
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Figure 1. Value simulation grouping diagram. 

 
engineering mechanics parameters of rock mass by referring to the Engineering 
rock mass classification Standard (GB50218-92) and the geotechnical engineering 
investigation Code. In the simulation process, the mechanical parameters of each 
rock layer in the model mainly include density, volume modulus, shear modulus, 
cohesion force, tensile strength, internal friction Angle, etc. The detailed parame-
ter values are shown in Table 2. 
 

Table 2. Rock mechanics parameter. 

Rock mass 
Density 
(kg/m3) 

Modulus of 
elasticity (GPa) 

Poisson’s ratio 
cohesion 

(MPa) 
Friction  

Angle (˚) 

Tensile 
strength (MPa) 

Hanging wall 2650 25.0 0.21 5.5 42 7.6 

Ore body 2700 27.8 0.19 5.0 46 8.2 

footwall 2650 21.0 0.22 5.3 53 7.5 

obturator 2020 1.2 0.28 0.7 27 0.9 

3.2. Numerical Result Analysis 
3.2.1. Vertical Stress Analysis 
The vertical stress distribution diagram of the filling mining method can be seen 
as shown in Figure 2. From Figure 2(a), it can be seen that the overlying rock 
layer has not been disturbed, the stress is concentrated on one side of the pillar 
and the mine wall, the peak vertical stress is 28.0 Mpa; from Figure 2(b), it can be 
seen that the peak vertical stress is 29.6 Mpa; from Figure 2(c), it can be seen that 
the top plate bends and sinks to produce the phenomenon of separation of the 
layer, the rock body collapses into the mining airspace, and at this time, the peak 
vertical stress is 37.4 Mpa; from Figure 2(d), it can be seen that after filling the 
mine, the filling body forms a more stable bearing arch structure to the overlying 
rock layer, which plays a certain role in supporting. Figure 2(d) can be seen, after 
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the quarry filling back to mining, the filling body to the overlying rock layer to 
form a more stable bearing arch structure, play a certain support role, the maxi-
mum vertical stress distribution is irregular, irregular, at this time the peak vertical 
stress is 61.1 Mpa. From the overall can be seen, filling mining, both sides of the 
pillar in the filling of the corresponding stress concentration phenomenon, the 
majority of the stress concentration in both sides of the pillar Most of the stresses 
are concentrated in the two sides of the pillar. 
 

 
(a) Filling and Mining in Mine Room 2                       (b) Filling and Mining in Mine Room 3 

 
(c) Filling and Mining in Mine Room 4                       (d) Filling and Mining in Mine Room 5 

Figure 2. Vertical stress distribution diagram of filling mining method. 

3.2.2. Vertical Displacement Analysis 
The vertical displacement represents the displacement in the vertical direction of 
the rock mass. In the calculation results, the negative value of the vertical displace-
ment represents the downward displacement and the positive value represents the 
upward position. The vertical displacement distribution diagram of open stope 
mining method is shown in Figure 3. It can be seen from Figure 3(a) that the 
stope roof has no sinking trend, and the maximum vertical displacement of the 
stope is 0.65 cm. As can be seen from Figure 3(b), the stope roof does not sink, 
and the maximum vertical displacement is 1.38 cm. As can be seen from Figure 
3(c), the stope roof has a weak subsidence, and the maximum vertical displace-
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ment is 7.28 cm. As can be seen from Figure 3(d), after filling the stope, the filling 
body forms a relatively stable bearing arch structure to the overlying rock. Its main 
function is to transfer the weight of the overlying rock to the surrounding rock 
and play a certain supporting role, so there is no subsidence trend, and the maxi-
mum vertical displacement of the stope at this time is 7.76 cm. 
 

 
(a) Filling and Mining in Mine Room 2                      (b) Filling and Mining in Mine Room 3 

 
(c) Filling and Mining in Mine Room 4                        (d) Filling and Mining in Mine Room 5 

Figure 3. Vertical displacement distribution diagram of filling mining method. 

3.2.3. Height Analysis of Water Conduction Fracture Zone 
The distribution diagram of the crack guide zone of filling mining method is 
shown in Figure 4. As can be seen from Figure 4(a), the supporting force of the 
goaf backfill on the overlying rock leads to weak bending and subsidence, and the 
overlying rock sinks to form a small separation layer without collapsing. As can 
be seen from Figure 4(b), there is no longitudinal pull fracture in overlying 
rock of the filling goaf, the longitudinal development of the fracture zone stops, 
there is no re-compaction zone in the goaf, and there is no phenomenon of 
separation subsidence. At this time, the height of the guided fracture zone is 
about 9 m. 

The overlying strata in the mined-out area of filling mining in gold mine is 
stable, and there is no stretching failure zone or large moving deformation, so 
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(a) Distribution map of water-conducting fracture zones in Mine Room 4        (b) Distribution map of water-conducting fracture zones in Mine Room 5 

Figure 4. Distribution map of crack guide zone by filling mining method. 

 
there is no fall zone and fracture zone. Combined with the actual mining practice 
of metal mines, the height of the fracture zone guided by the numerical simulation 
filling mining method is about 9 m, which is 6.22% different from the height of 
the water-conducting fracture zone calculated by the empirical formula. 

4. Field Measurement 

The orebody studied in this study is the actual observation face of the height of 
the water-conducting fracture zone in stope 050001-07, and the observation 
method is borehole TV method. Borehole TV detection instruments mainly in-
clude imager, camera, depth detector, extended connector (signal line), as shown 
in Figure 5 for borehole TV observation system. 
 

 
Figure 5. For borehole TV observation system. 

Analysis of Detection Results 

Considering the length of the article, this chapter mainly introduces the rock for-
mation images of the borehole in approach 2# and joint lane 2#. 

The image information of each section of the rock formation obtained during 
the process of drilling route 2# is shown in Figure 6. It can be seen that the integ-
rity of the rock formation is good from the opening hole upward to the hole depth 
of 0 - 2 m, that is, the drilling has just entered, and no obvious mining-induced 
fractures have been found. From the hole depth of 2 - 4.2 m, the cracks are rela-
tively developed. The analysis is that the rock layer has a large uneven movement, 
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and the rock layer is seriously damaged. The hole depth of 2.65 m is just entering 
the crack zone, and there are cracks around the rock layer at the beginning, and 
the rock layer is broken more seriously when we drill up to 4.01 m. From the 
opening hole upward to the hole depth of 4.2 - 8 m, the transverse and vertical 
fractures in the overlying rock show cross-distribution characteristics, and the 
fracture distribution is relatively uniform, and obvious longitudinal and trans-
verse fractures can be seen at the hole depth of 5.21 m and 7.75 m. From the hole 
depth of 8 m up to the bottom of the hole, from the hole depth of 8.60 m, it can 
be seen that the rock mass integrity of the hole wall is good, only some rock mass 
has small primary cracks, the development degree of primary cracks is low, the 
fine cracks are not connected, the water conductivity is poor, and the rock perme-
ability is small. without a hyphen. 
 

 
Figure 6. Peeking shot of borehole at route measurement point 2#. 

 
As shown in Figure 7 the image information of each section of the rock layer 

obtained during the process of advancing the borehole 2# can be seen: the integ-
rity of the rock layer is good from the opening hole upward to the depth of the 
hole 0 - 2 m, that is, the drilling has just entered, and no obvious mining-induced 
fractures have been found. From the hole depth of 2 - 4.2 m, the cracks are rela-
tively developed. The analysis is that the rock layer has a large uneven movement, 
and the rock layer is seriously damaged. The hole depth of 2.65 m is just entering 
the crack zone, and there are cracks around the rock layer at the beginning, and 
the rock layer is broken more seriously when we drill up to 4.01 m. From the 
opening hole upward to the hole depth of 4.2 - 8 m, the transverse and vertical 
fractures in the overlying rock show cross-distribution characteristics, and the 
fracture distribution is relatively uniform, and obvious longitudinal and trans-
verse fractures can be seen at the hole depth of 5.21 m and 7.75 m. From the hole 
depth of 8 m up to the bottom of the hole, from the hole depth of 8.60 m, it can 
be seen that the rock mass integrity of the hole wall is good, only some rock mass 
has small primary cracks, the development degree of primary cracks is low, the 
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fine cracks are not connected, the water conductivity is poor, and the rock perme-
ability is small. 
 

 
Figure 7. Peeking screen shot of hole 2# in Lianxiang. 

 
It shows that the basic characteristics of the deformation and failure of the 

ground borehole after mining are roughly the same, which mainly goes through 
the evolution process of fracture generation, fracture expansion, dislocation, sep-
aration of layers and collapse. After the working face pushed through the bore-
hole, the borehole collapsed, and then under the influence of the rock strata break-
ing movement, the evolution process of the borehole produced cracks crack ex-
pansion horizontal dislocation separation compaction and closure showed the 
characteristics of group movement, and gradually developed from the bottom up, 
and finally stopped when it reached a certain height. Based on the above simple 
hydrological observation and borehole TV detection results, the development height 
of roof water-conducting fracture in Shanjin 050001-07 stope in Songxian County 
ranges from 2.0 to 8.5 m, and it can be seen that the maximum development height 
of water-conducting fracture zone is 8.5 m. 

5. Conclusions 

1) Through theoretical analysis, it is known that the mining height and filling 
compression rate of the mining area, according to the equivalent mining height 
empirical formula method, the height of the water-conducting fissure zone of 
Songxian Gold Mine 050007-01 filling and mining is calculated to be 8.44 m. 

2) Through numerical simulation, it can be seen that the maximum vertical 
stress of the ore body when filling and mining show the “arch” shape with high 
sides and low middle, the maximum height of the arch stress area damage is 9 m, 
the maximum value of vertical displacement is 7.76 cm, and the height of water-
conducting fissure zone development after the stabilization of gold mine filling 
and mining is 9 m. 

3) Through on-site test, it can be seen that, when using drill hole TV method to 
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050001-07 quarry when on-site drill hole peeping, measured Songxian mountain 
gold 050001-07 quarry roof water-conducting fissure development height range 
of 2.0 - 8.5 m, it can be seen that the maximum height of the water-conducting 
fissure zone development is 8.5 m. 

In summary, this paper through theoretical analysis, numerical simulation, 
field test and other comprehensive research methods, for gold mine filling mining 
water-conducting fissure zone height research, concluded that the height of water-
conducting fissure zone of gold mine filling mining is 8.5 m, which can be used as 
a reference for the filling mining program of other similar gold mines. 
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