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The development law of mining-induced surface cracks in shallow coal 
seam through double gullies terrain: a case study in a mine 
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Abstract: Mining-induced surface cracks in gullies in shallow seams seriously threaten the development of 

ecological stability and the safety of mine production. The development law of surface cracks in shallow coal 

seam mining through double gullies terrain was studied, by taking the Cao Jiatan coal mine in the Yushen Mining 

Area as a project example. The function T and its discriminant were first put forward to describe the relative 

position both the surface cracks and working face advanced in shallow coal seam mining through double gullies 

terrain. The relationship between valley parameters of double gullies terrain and the relative position of surface 

cracks development was discussed through numerical simulation experiment, similar material simulation 

experiment and theoretical analysis. The results showed that when the working face passed through the G1 gully, 

the development of surface cracks led the working face. There were four surface cracks with a maximum width of 

23 cm, and the maximum vertical displacement was 11 cm; while passing through the G2 gully, the development 

of surface cracks lagged the working face. There were seven surface cracks with a maximum width of 79 cm, and 

the maximum vertical displacement was 45 cm. It can be concluded that the relative position of crack 

development is greatly affected by geological conditions, gully depth, slope angle, span and other factors of the 

gully, among of which the gully slope angle is the main influencing factor. T and |T| value has a certain correlation 

with the lagging distance, crack width, vertical displacement and the total number of cracks in a single gully. 
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0 Introduction 

Mining-induced surface cracks is a frequent 

cause of damage to building features, surface and 

underground water resources, and other environmental 

features [1–5]. In northwest China, the majority of 

mining areas are located within or on the edges of 

deserts, which often have shallow coal seam reserves 

for mining and vertical and horizontal gullies on the 

surface. However, these areas also have arid and 

semi-arid climates with fragile ecological 

environments and significant water shortages [6-8].  

Yushen Coalfield is located in the transition zone 

between the Loess Plateau and the Mu Us Sandy Land 

with rugged topography, and a gullied surface [9], 

under gullies topography, mining-induced surface 

cracks is a severe threat to the local fragile ecological 

environment [10-13]. Researchers have studied the 

influence of valley topography on mining-induced 

surface cracks using numerical simulation [14-17], 

physical simulation [18-24], theoretical analysis 

[25-28] and field survey [19, 21, 29, 30]. The research 

shows that a single slope and different slopes angle, 

the overburden strata load increases with the increase 

of the gully slope angle; and with the continuous 

increase of the gully depth, the dynamic pressure 

behaviour of the working face in the upper slope 

section of the gully behaves stronger [20, 31, 32]. The 

strenuous degree of pressure behaviour in shallow 

coal seam mining under the gully shows the 

characteristics of “back gully section > toward gully 

section > bottom gully section > normal mining 

section” [33]. Under the assumption that the slope in 

the gully is single and the slope angle is constant, the 

mechanical model of “non-uniform load beam” [34] 

can fully characterize the dynamic load process of the 

working face through the gully terrain [22, 35]. 

Remote sensing technology and field survey can 

effectively reveal the plane distribution law and 

dynamic development law of mining-induced surface 

cracks and their relationship with the generation 

progress of the working face [36]. 

The above studies show that the gully 

geomorphology has a significant influence on the 

mining surface cracks, especially in the shallow coal 

seams where loess and blown-sand exist in the topsoil. 

However, the studies above are mostly based on a 

single gully landform. At present, there is little 

research on the development characteristics of surface 

cracks in shallow coal seam mining through double 

gullies terrain, which needs to be studied urgently.  

In this paper, FLAC3D numerical simulation, 

similar material simulation and theoretical analysis 

were used to study the development law of surface 

cracks caused by mining through double gullies 

terrain in the shallow coal seam, and the effects of 

gully depth, slope and span on the relative position of 

surface cracks were also analyzed. 

1 the introduction of Study area  

The surface of Cao Jiatan Coal Mine in Yushen 

Mining area is a typical loess beam and loess 

landform with a complex topography and vertical and 

horizontal gullies. The terrain is high in the north and 

low in the south, and Er Dao gully was developed in 

the middle. Meanwhile, the average annual rainfall is 

less than 500mm, leading to scarce water resources 

and fragile ecological environment. The No. 2-1 and 

3-1 seams are mainly coal seam in the mine, which are 

generally distributed almost horizontally. The 

LW272106 working face is located in the northwest of 

the minefield, and the surface vegetation coverage of 

the working face is about 35%. The maximum 

elevation located at a distance from the open-off cut of 

the working face is 1147m, while the minimum 

elevation located at the stopping line is 1116m. The Er 

Dao gully obliquely passes through the working face 

and approximately shows an angle of 125° with the 



strike azimuth of the working face. The branches of 

the Er Dao gully in the working face are G1 gully and 

G2 gully (G1 is the secondary gully, G2 is the main 

gully), and the distance between the two gullies is 

about 70m. The working face is a loess beam gully 

landform, the bedrock is exposed at the bottom of the 

gully, the main mining coal seam is the No. 2-1 seam, 

whose thickness is 2.2~3.0 m, the average thickness is 

2.5 m, and the burial is very shallow, the local 

thickness is less than 30 m, the thickness of the roof 

bedrock is 20 m~65 m, and the Blown-sand and the 

Quaternary loose layer above the roof bedrock is 0~77 

m. The strike length of the working face is 1152 m, 

the inclination length is 240 m, and the mining height 

is 2.5 m. The comprehensive mechanized coal mining 

technology is adopted for mining. The mining plan of 

the panel and the XE28 borehole data of working face 

LW272106 are shown in Figure 1. 
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Fig.1 Plan view of the local panel layout and drill column 

The mining of LW272106 working face passes 

through Er Dao gully, where exists seasonal running 

water, and rainfall in the rainy season will induce 

running water or flood; in other months, the gully is 

dry. In the mining area, the length of G2 (main gully) 

is about 1330 m, and the width is about 150 m～280 

m. The length of G1 (secondary gully) is about 700 m, 

and the width is about 15 m～100 m. The buried 

depth of the coal seam is about 20 m, and the distance 

between the edges of the two gullies is 61 m. The 

basic topographic parameters of Er Dao gully are 

shown in Table 1. 

Tab. 1 Basic parameters of double gullies terrain 

Gully 
name 

Types 
Uphill angle (︒)/ 

Downhill angle (︒) 
Span 
(m) 

Gully depth 
(m) Remarks  

G1 Secondary gully 31/21 80 15 The distance between 
the edges of the two 

gullies: l=61 m G2 Main gully 21/17 224 25 

2 Numerical simulation experiment 

2.1 Numerical model of the double gullies terrain 

Based on the LW272106 working face condition 

and the strata and lithology data of the XE28 drill 

column, a FLAC3D model with the size of 

600m×300m×60m was constructed as illustrated in 

Figure 2. Combining the experimental parameters of 

rock mechanics in the coal minefield, the variation 

law of overburden displacement field and the 

development law of surface cracks while working face 

passing through G1 and G2 gullies were studied. The 

model front, back, left, right and bottom boundaries 

were fixed boundary, and the top was a free boundary. 

In the model, mining length was 500 m, mining width 

was 240 m. The Mohr-Coulomb strength criterion was 



used to calculate the overburden stress and 

deformation of the model. The main rock mechanics 

parameters are shown in Table 2. 

Tab. 2 Mechanical parameters of the main rock 

Lithology 
Density 

（kg/m3） 

Bulk Modulus 

（MPa） 

Shear Modulus 

(MPa) 
Tensile strength 

（MPa） 

Cohesion 

（MPa） 

Friction 
angle(°) 

Loess 1702 32 16.17 0.088 0.48 22 

Weathered bedrock 2200 3250 990 0.56 0.56 36 

Mud siltstone 2760 3006 1718 3.23 2.85 32 

Fine sandstone 2750 3166 1991 2.92 3.91 34 

Silt stone 2760 3187 1821 3.65 3.87 34 

Coal line 1420 2137 957 0.25 2.98 33 

Silt stone 2760 3187 1821 3.65 3.87 34 

Fine sandstone 2750 3166 1991 2.92 3.91 34 

Silt stone 2760 3187 1821 3.65 3.87 34 

No. 2-1 seam 1420 2137 957 0.25 2.98 33 

Silt stone 2760 3187 1821 3.65 3.87 34 

l H
H

G 1 G 2

Direction of mining
No. 2-1  seam

 
Fig.2 The numerical simulation model 

2.2 the analysis of model results 

The surface displacement field changed 

obviously, which was mainly shown in the 

development range of displacement in the X direction 

and Z direction when the working face (No. 2-1 seam) 

was located in the toward-gully section, bottom-gully 

section and a back-gully section of the G1 gully, as 

shown in figure 3. It is stipulated that the X direction 

is complimentary with the mining direction of the 

working face, and vice versa; the downward direction 

of Z direction is complimentary, and vice versa. 

When the working face advanced to the 

toward-gully section of G1, due to the overburden 

strata falling in the goaf, the rock mass in the 

toward-gully section began to squeeze into the goaf, 

resulting in negative and positive horizontal 

displacements in front of and behind the work, with 

values of 0.5 cm and 2.0 cm respectively, and the 

range of overburden subsidence was small. The 

deformation range does not affect the surface. Among 

them, along with the direction of the working face 

advancing, the surface crack development area was 

located at the bottom-gully section in front of the 

working face, and the centre of the crack development 

area was advanced 9 m ahead of the working face. As 

shown in Figure 3 (a). 

When the working face advanced to the 

bottom-gully section, the range of the development 

area of the surface fracture was smaller than that of 

the toward-gully section, and the negative and positive 

horizontal displacement in front of the work gradually 

increased, the subsidence range of overburden strata 

gradually expanded to 35 cm. The surface crack 

development area was located in the back-gully 

section, and the centre of the crack development area 

was advanced 7 m ahead of the working face. These 



phenomena occurred because the depth of the G2 

gully was more significant than the G1 gully, the 

overburden strata of the back-gully section of the 

gully continued to squeeze to the goaf at the 

bottom-gully section, and the overburden stress of the 

back-gully section of G1 was partially distributed to 

the toward-gully section of G2, as shown in Figure 3 

(b). 

When the working face advanced to the 

back-gully section of the G1 gully, the positive 

horizontal displacements in the back-gully section of 

G1 gully was 1.4 cm. The negative directions of the 

toward-gully section of the G1 gully were 2.4 cm, and 

the range of surface cracks began to increase. Due to 

the influence of the depth gully and the slope of the 

toward-gully section of the G2 gully, and the 

compression of the rock mass on both sides of the 

gully on the G1 gully. The subsidence range of 

overburden strata was broad, and the surface 

subsidence value increased to 85 cm. Among them, 

the surface crack development area along with the 

direction of working face advancing was located at the 

sharp corner of the toward-gully section of the gully in 

front of the working face, and the centre of the crack 

development area was advanced 6 m ahead of the 

working face. As shown in Figure 3 (c). 
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Fig.3 Displacement cloud map of overburden strata passing 

through G1 gully. (a) Toward-gully section. (b) Bottom-gully 

section. (c) Back-gully section. 
When the working face advanced to the influence 

area of the main gully (G2), due to the close distance 

between the G2 gully and the G1 gully, the movement 

of the overburden strata in the toward-gully section of 

the G1 gully toward the goaf, the depth of the G2 

gully was greater than that of G1. The stress 

redistribution of the overburden strata, the overburden 

strata of the G2 gully was subjected to double tensile 

stress. The horizontal movement area and vertical 

subsidence range of the overburden strata were 

different from those of the G1 gully, as shown in 

Figure 4. 

When the working face advanced to the 

toward-gully section because the overburden strata of 

the goaf cross and fell, the rock mass of the 

toward-gully section was squeezed to the goaf. The 

influence of the G1 back-gully section on the G2 

toward-gully section was intensified, so the rock strata 

of the G2 toward-gully section were subjected to the 

joint action of tensile stress in both left and right 

directions, leading a large negative horizontal 

displacement of 5.0 cm in the toward-gully section 

behind the working face. In the range of G1 gully, the 



horizontal displacement size was 4.0 cm in a positive 

direction. The maximum subsidence value of the 

surface was 155 cm, and the deformation range 

extends to the surface. The subsidence range of 

overburden strata is located in the middle of the goaf. 

Among them, the surface crack development area 

along with the advance of the working face is located 

in the toward-gully section behind the working face, 

and the centre of the crack development area lags 

behind the advance of the working face by 18 m. As 

shown in figure 4 (a) 

when the working face advances to the bottom of 

the valley, because the influence of the toward-gully 

section of the G1 gully on the downslope section of 

the G2 gully gradually weakens, and the working face 

gradually moves away from the secondary gully G1, 

the range of negative horizontal displacement 

developed at the bottom of the gully decreases 

gradually, and the positive horizontal displacement 

within the range of the G1 gully begins to decrease. 

The subsidence range of overburden strata increases 

gradually. Among them, the surface crack 

development area with the advance of the working 

face is located at the bottom of the gully, and the 

centre of the crack development area lags behind the 

advance of the working face by 7 m. As shown in 

figure 4 (b). 

When the working face advanced to the 

back-gully section of the G2 gully, the influence of the 

G2 gully on the G1 gully decreased gradually because 

the working face gradually moved away from the G1 

gully, so that the range of horizontal movement and 

value of G1 decreased gradually. The negative 

horizontal displacement developed in the back-gully 

section of the gully. The positive displacement in the 

G1 gully decreased to 3.5 cm. The subsidence range 

of overburden strata was further expanded, and the 

surface subsidence value decreased slightly. Among 

them, the surface crack development area along with 

the direction of the working face advancing was 

located in the back-gully section of the valley behind 

the working face, and the centre of the crack 

development area lagged behind the advance of the 

working face by 13 m as shown in Figure 4 (c). 
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Fig.4 Displacement cloud map of overburden strata passing 

through G2 gully. (a) Toward-gully section. (b) Bottom-gully 

section. (c) Back-gully section. 
To sum up, when the No. 2-1 seam mining face 

passed through the double gullies terrain, the surface 

crack development area ahead of the working face 

when the working face passed through the G1 gully, 

and the influence of the G2 gully and G1 gully was 

small. When the working face passed through the G2 

gully, the surface crack development area lagged 

behind the working face, and the interaction between 



the G1 gully and the G2 gully was more significant 

than the working face passes through its toward-gully 

section. However, when the working face passed 

through its bottom-gully section and back-gully 

section, the interaction between the G1 gully and the 

G2 gully gradually decreased. 

3 Similar material simulation experiment 
3.1 Model design 

In order to obtain the detailed development 

characteristics and dynamic development process of 

surface cracks in working face mining passing through 

double gullies terrain, a two-dimensional model 

framework of 4000mm in length, 200mm in width, 

and 600mm in height were selected to build a physical 

model based on similarity theory. The model should 

meet the primary similarity conditions, such as 

similarity of geometry, time, weight, elastic modulus, 

and strength. Following similarity criteria, similar 

simulation coefficients were obtained as follows: 

(a) Geometric similarity ratio 

Supposing the geometric dimensions of each 

rock stratum in the prototype and corresponding 

stratum in the model are xm and xr (or ym and yr), 

respectively. The geometric similarity ratio is: 

1/100
r r

m m
l

x y
a

x y
     (1) 

(b) Similarity ratio of Poisson’s ratio 

It was assumed that Poisson's ratios of each rock 

stratum in the prototype and corresponding stratum in 

the model were μp and μm, thus: 

1m

p

a



    (2) 

(c) Similarity ratio of bulk density  

When the densities of each rock stratum in the 

prototype and corresponding stratum in the model 

were assumed to be rm and rr, respectively. the density 

similarity coefficient was:  

1/1.6
r

m
r

r
a

r
    (3) 

(d) Similarity ratio of elastic modulus 

It was supposed that the elastic moduli of each 

rock stratum in the prototype and corresponding 

stratum in the model were Ep and Em, so the elastic 

modulus similarity coefficient was: 

1/160m
r l

p

E
a a a

E
       (4) 

(e) Similarity ratio of time 

The time similarity coefficient was expressed as 

follows by assuming the mining time for coal seams in 

the prototype and the coal seam in the model as CL and 

Ct,. 

1/10
t l

a a    (5) 
(f) Similarity ratio of strength 

The strength similarity coefficient was expressed 

as by assuming the compressive strengths of each rock 

stratum in the prototype and the corresponding 

stratum in the model as σp and σm,  

1/160m
r l

p

a a a



      (6) 

To establish the physical model, river sand, lime, 

gypsum, oil and water were selected as necessary 

materials. Through multiple uniaxial compression 

tests on the samples mixed in different ratios, the 

optimum mix of the materials was determined. In 

addition, mica powder was sprinkled between the 

layers. The key physic mechanical parameters of coal 

rocks and relevant ratios of similar materials were 

listed in Table 3. 

Tab. 3 Material selection and matching 

Strata type 
Strata 

thickness (m) 

Model 

thickness(mm) 

Simulated material 

proportioning 

quality(kg) 

Simulated material ratio 

Sand Gypsum  Lime  Loess  Oil  



Loess 17.5 175 96.00 4.5   4.5 1 

Weathered bedrock 8 80 102.40 8 2 8   

Mud siltstone 2 20 25.60 7 2 8   

Fine sandstone 2 20 25.60 7 3 7   

Silt stone 2 20 25.60 7 3 7   

Coal line 1 10 12.80      

Silt stone 6 60 76.80 7 3 7   

Fine sandstone 8 80 102.40 7 3 7   

Silt stone 3 30 38.40 7 3 7   

No. 2-1 seam 2.5 25 32.00      

Silt stone 8 80 102.40 7 3 7   

Total  60 600 640.00      

 

The establishment of the physical model was 

carried out using similar materials, and the process 

can be divided into five steps: weighing materials, 

mixing materials, adding water and uniformly mixing, 

placing and tamping, and natural air drying. Finally, 

the total height was 600 mm, as shown in Figure 5. 
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Fig.5 Similar material simulation model 

The similar material simulation experiment was 

used to simulate the working face passing through the 

double gullies terrain, and development position, 

shape and parameters of surface cracks under were 

recorded. Because the supplementary numerical 

simulation experiment can not fully reflect the 

disadvantages of the development characteristics and 

dynamic development process of surface cracks, 

According to the lithology and structure 

characteristics of strata in LW272106 working face, a 

two-dimensional similar material simulation model 

with a similarity ratio of 1: 100 was established. The 

total thickness of the simulated strata was about 60m. 

Because of the effect of the topography, the maximum 

thickness of overburden in No. 2-1 seam was 47m, 

while the minimum thickness of overburden was 20m. 

Layered modelling was carried out according to the 

ratio of similar materials, and the size of the model 

was length × height × width = 400 × 60 ×20cm. The 

terrain conditions such as toward-gully, bottom-gully 

and back-gully were designed to simulate mining. The 

parameters of the gully are listed in Table 1. During 

the experiment, the VIC-3D digital speckle method 

was used to monitor the overburden displacement of 



the working face while mining through G1 and G2 

gullies. 

3.2 The development law of surface cracks 

The results of similar material simulation 

experiment showed that the surface crack was a 

dynamic process from development to stability. 

In the process of mining through the G1 gully in 

the working face, the surface crack was a tensile crack 

at the initial stage of the development. After the 

development of the surface, cracks became stable, 

there were two surface cracks in the toward-gully, and 

the types of cracks were shear type and tensile type 

respectively which were 25 m and 30m away from the 

open-off cut and advance working face 5m and 10m. 

There was a compressive crack at the bottom-gully, 

which was 60m and 20m away from the open-off cut 

and advanced working face, respectively. In the 

back-gully, there was a tensile crack, which was 93 m 

and 13m away from the open-off cut and advanced 

working face, respectively. Among them, the 

maximum crack whose width was 23cm and vertical 

displacement was 11cm appeared in the toward-gully 

section. In this process, the surface cracks shape, 

development location, crack width and vertical 

displacement were shown in Figure 6(a) and (c). The 

measured results of overburden displacement were 

shown in Figure 6(b). it was illustrated that the 

negative maximum horizontal displacement was 

2.3cm in the back-gully section, and the positive 

maximum horizontal displacement was 2.5cm in the 

toward-gully section. The maximum subsidence value 

93 cm of the ground surface appeared in the 

bottom-gully section. Compared with the numerical 

simulation results in Figure 3(c), the simulation results 

of similar materials were in good agreement with the 

numerical simulation results. 
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(c) 

Fig.6 Morphology and parameters of surface cracks passing 

through G1 gully. (a) Development morphology of surface 

cracks. (b) Displacement cloud map of overburden strata 

(VIC-3D). (c) Development position of surface cracks. 

When the working face advanced to G2 gully 

after the surface cracks developed stably, a shear-type 

surface crack developed in the toward-gully section, 

the development position was 160 m away from the 

open-off cut, and the crack lagged 20 m behind the 

working face. There were three compressive cracks 

developed in the bottom-gully section, which were 



190m, 200m and 215m away from the open-off cut, 

and lagged 10m, 20m and 5m behind the working face, 

respectively. There was a tensile crack in the 

back-gully section, 285m away from the open-off cut 

and lagged 15m behind the working face. There were 

two shear cracks, the development position was 335 m 

and 340 m away from the open-off cut, and the cracks 

lagged 15m and 20m behind the working face. Among 

them, due to the influence of the back-gully section of 

G1 on the toward-gully section of G2, the rock strata 

in the toward-gully section of G2 were affected by 

tensile stress in both left and right direction, so the 

maximum crack width (79 cm) and vertical 

displacement (45 cm) both appeared in the 

toward-gully section of G2. When the working face 

passed through G2 gully, there were seven surface 

cracks, including crack shape, development position, 

crack width and vertical displacement, as shown in 

Figure 7 (a) and (c). The monitoring results of 

overburden displacement are shown in Figure 7 (b). 

The maximum negative horizontal displacement was 

25cm in the back-gully of G2, the maximum positive 

horizontal displacement was 33cm in the back-gully 

of G1 and G2, and the maximum surface subsidence 

was 162 cm at the bottom-gully of G1 and G2. 

Compared with the numerical simulation experimental 

results (Figure 4 (c)), the similar material simulation 

experimental results were in good agreement with the 

numerical simulation experimental results. 
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Fig.7 Morphology and parameters of surface cracks passing 

through G2 gully. (a) Development morphology of surface 

cracks (VIC-3D). (b) Displacement cloud map of overburden 

strata. (c) Development position of surface cracks. 

To sum up, similar material simulation 

experiments showed that when the working face was 

passing through the double gullies, terrain：There were 

four surface cracks in the G1 gully, including two 

tensile types, one extrusion type and one shear type, 

with the maximum crack width of 23 cm and the 

maximum vertical displacement 11cm. The 

development of surface cracks was advanced of the 

working face, and the crack width and vertical 

displacement increased with the decrease of the 

advance distance. There were seven surface cracks in 

G2 gully, including one tension type, three 

compression type and three shear type, with the 

maximum crack width of 79 cm and the maximum 

vertical displacement of 45 cm. The maximum crack 

width of 79cm and vertical displacement of 45cm 

appeared in the toward-gully section of G2 under the 



effect of the back-gully section of G1. The 

development of surface cracks lagged behind the 

advance of working face, and the crack width and 

vertical displacement increased with the increase of 

lags behind distance. 

4 Discussion 

The previous research shows that the surface 

subsidence and deformation in the mining process 

have prominent discontinuous characteristics in space 

and time when the ratio of mining depth to mining 

thickness is less than 30. The development law of 

surface cracks is closely related to the topography and 

geomorphology of gullies. When the shallow coal 

seam is mined in the surface blown-sand and loess 

gully region, with the direct roof fractured of the coal 

seam, the fracture zones in the overburden strata 

develop rapidly to the surface and form surface 

cracks. 

Based on multilateral block structure [37-39]and 

mining slope theory [27], when the shallow coal seam 

is mined through double gullies terrain, the structure 

and force of the broken block of the gully are shown 

in Figure 8. With the integral contact between K1 and 

K2 blocks as the research object, the stress can be 

analyzed as follows: 

tan

G
N

G Ar

 


 

 

             (7) 

Where N is the extrusion stress in the horizontal 

direction along the multilateral block fracture surface; 

G is the gravity stress of the multilateral block; A is 

the multilateral block volume per thickness; r is the 

volume weight; β is the mean fracture angle of the 

multilateral block. 

h

H
                     (8)  

Where ξ is the gully depth influence coefficient, 

H is the depth of gully, h is the mean mining 

thickness.  

1

sin

L

H



             (9) 

Where λ is the slope gradient influence 

coefficient, H is the depth of gully, L is the dip length 

of gully, α is the mean gully angle. 

sinf kN               (10)  

Where f is the friction stress of the multilateral 

block in the normal direction of the contact surface; k 

is the soil lay friction coefficient, k ≈ 0.30. 

The development condition of surface cracks: 

G N f                 (11) 
The formula (7) and (10) are brought into 

formula (11) to obtain the following: 

1 1
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Intermediate parameter ω: 
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The formula (13) is brought into formula (12) to 

obtain the following: 

 1 1 sin k            (14) 
From the formula (7)～(14) and the experimental 

simulation results, the results of Table 4 can be 
obtained: 

Tab. 4 The fracture parameters of overburden strata in double gullies terrain 

Gully name 

The fracture parameters of overburden strata 

ω×(1+sinβ×k) Result 

The position in the gully  α /︒ β /︒ ω 

G1 

(Secondary gully) 

Toward-gully 21 63 0.237 0.301 (0.30) <1 

Bottom-gully 0 56 / / / 



Back-gully 31 45 0.324 0.393 (0.30) <1 

G2 

(Main gully) 

Toward-gully 17 67 0.145 0.185 (0.30) <1 

Bottom-gully 0 61.5 / / / 

Back-gully 21 50.2 0.232 0.285 (0.30) <1 

Note: α∈(0, 2/π); in the bottom-gully section α=0, sinα is unmeaning. 

According to the comparison between results in 

Table 4 and simulated experimental results, it can be 

seen that surface cracks developed in both G1 and G2 

gullies when shallow coal seams are mined through 

double gullies terrain. The number and intensity of 

surface cracks increase with the decrease of N + f 

value. The ω value increases with the increase of gully 

slope α, so ω value is a positive correlation with slope 

α. The calculated results of ω×(1+sinβ×k) are greater 

than k, the surface crack is leading the working face, 

and when it is less than k, the surface cracks lags the 

working face. 
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Fig.8 Failure and stress analysis model of overburden strata in double gullies terrain. (a) Multilateral block failure model of 

overburden strata. (b) Failure morphology of overburden strata in G1 gully. (c) Failure morphology of overburden strata in G2 gully. 

(d) Stress analysis model of Multilateral block. 
Based on the above simulation experimental 

results and theoretical analysis, it can be found that 

the development of surface cracks in double gullies 

terrain is affected by geological conditions, gully 

depth, slope, valley span and other factors. According 

to the theory of mining slip, and considering the basic 

parameters of the gully, the relative position function 

T and discriminant conditions of surface cracks 

development in shallow coal seam mining through 

double gullies terrain can be obtained, as shown in 

formulas (15) and (16). 
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Where: H is the gully depth, (m); L is the gully 

span, (m); l is the distance between the two gullies 

edges, (m); α is the upper (lower) slope angle of the 

double gullies terrain, (°); T is the relative position of 

the development of surface cracks.  

From the discriminant conditions, it is known 

that when T > 0, the relative position of surface crack 

development is advanced ahead of the working face, 

and when T < 0, the relative position of surface crack 

development lags behind of the working face. Among 

these, T value is comprehensively affected by gully 

depth, gully span and slope, H and L are the first 



power of T; however, tanα is the second power of T. 

The tanα is a monotone increasing function, and its 

value is positive (α∈(0, 2/π)), so the gully slope is the 

main controlling factor affecting the relative position 

of surface cracks. 

The basic parameters of double gullies terrain as 

listed in Table 1 can be calculated by the formula (15): 

when the working face is advanced to the secondary 

gully (G1 gully): in toward-gully section, T = 7.01 > 0; 

in back-gully section, T = 0.82 > 0. When the working 

face is advanced to the main gully (G2 gully): in 

toward-gully section, T = -11.70 < 0; in back-gully 

section, T = -19.28 < 0. According to the discriminant 

condition of formula (2), it is known that the surface 

cracks were leading the working face when the 

working face was passing through the G1 gully. 

However, the surface cracks lagged the working face 

when the working face was passing through the G2 

gully. 

From the experimental simulation phenomena 

and theoretical analysis results, it can be seen that: 1) 

in the T > 0 conditions, with the increase of T value, 

the crack width and vertical displacement increased, 

while the crack was leading distance decreases. Thus 

T value is a positive correlation with crack width and 

vertical displacement of surface cracks, and it has a 

negative correlation with the leading distance of the 

surface crack. 2) in the T < 0 conditions, the crack 

width and vertical displacement increase with the 

increase of T value, and the crack lagging distance 

also increase. Moreover, T value is a positive 

correlation with surface cracks leading distance, crack 

width and vertical displacement. With the gradual 

increase of |T| value, the total number of single gully 

crack development and failure strength (crack width 

and vertical displacement) increase, and there is a 

positive correlation with them. The development 

characteristics of surface cracks and the calculation 

results of relative position function are shown in Table 

5. 

Tab. 5 The development law of surface cracks and the result of the relative position function 

Gully name 

The development parameters of surface cracks The relative position 

of surface cracks and 

working face 

T value Development position 

(distance of open-off cut )/m 

Crack 

width/mm 

Vertical 

displacement/mm 

G1 

(Secondary 

gully) 

25 
Toward-gully 

230 110 Leading 5 m 
7.01 

30 100 20 Leading 10 m 

60 Bottom-gully 70 10 Leading 20 m / 

93 Back-gully 90 20 Leading 13 m 0.82 

G2 

(Main gully) 

160 Toward-gully 790 450 Lagging 20 m -11.70 

190 

Bottom-gully 

130 40 Lagging 10 m 

/ 200 40 10 Lagging 10 m 

215 140 10 Lagging 5 m 

285 

Back-gully 

360 190 Lagging 15 m 

-19.28 335 430 350 Lagging 15 m 

340 550 390 Lagging 20m 

Note: α∈(0, 2/π); in the bottom-gully section α=0, tanα is unmeaning 

5 Conclusions   

The numerical simulation of the working face 

passing through the double gullies terrain was 

designed to obtain the variation law of overburden 

displacement field and the development law of surface 

cracks under “toward-gully section, bottom-gully 

section and back-gully section”. The data from the 



simulation results were used to demonstrate the 

relative position between the surface cracks and 

working face. The similar material simulation was 

used to summarize the development position, shape 

and parameters of surface cracks under the condition 

of double gullies terrain. By combining with the 

engineering background, the relative position function 

and discrimination condition of surface crack 

development in shallow coal seam mining through 

double gullies terrain were firstly established, and the 

influence of double gullies parameters on the relative 

position of surface crack development was discussed. 

The following conclusions can be drawn based on the 

numerical simulation, similar material simulation and 

theoretical analysis results and discussion presented in 

the study.  

(1) Numerical simulation and similar material 

simulation showed that when the working face passed 

through the G1 gully (secondary gully), there were 

four surface cracks, which of these surface cracks the 

maximum crack width was 23 cm. The maximum 

vertical displacement was 11 cm. Moreover, the G2 

gully (main gully) had little influence on the 

development of surface cracks in G1 gully. When the 

working face passed through the G2 gully, there were 

seven surface cracks, whose maximum crack width 

and vertical displacement was 79 cm and 45 cm, 

respectively. The interaction between the secondary 

gully (G1) and the main gully (G2) is excellent, which 

led to the appearance of the maximum crack width 

and vertical displacement in the toward-gully section 

of G2 and a broad range of surface cracks. 

(2) The surface cracks at G1 gully was leading 

the working face during the working face of mining 

through the double gullies terrain. Meanwhile, with 

the increase of the maximum distance between the 

surface cracks and the working face, the crack width 

and vertical displacement showed a decreasing law. 

The development of surface cracks at G2 gully lagged 

the working face. With the increase of lagging 

distance between the surface cracks and the working 

face, the crack width and vertical displacement 

increased. 

(3) The slope of the gully is the main controlling 

factor affecting the relative position of the 

development of surface cracks. When the T > 0, T 

value is positively correlated with cracks width and 

vertical displacement of surface cracks and negatively 

correlated with the leading distance of surface cracks. 

when the T < 0, T value is positively correlated with 

leading distance, crack width and vertical 

displacement of surface cracks. | T | value has a 

positive correlation with the total number of cracks 

developed in a single gully and the surface crack 

strength (crack width and vertical displacement). 
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Figures

Figure 1

Plan view of the local panel layout and drill column

Figure 2

The numerical simulation model



Figure 3

Displacement cloud map of overburden strata passing through G1 gully. (a) Toward-gully section. (b)
Bottom-gully section. (c) Back-gully section.



Figure 4

Displacement cloud map of overburden strata passing through G2 gully. (a) Toward-gully section. (b)
Bottom-gully section. (c) Back-gully section.



Figure 5

Similar material simulation model



Figure 6

Morphology and parameters of surface cracks passing through G1 gully. (a) Development morphology of
surface cracks. (b) Displacement cloud map of overburden strata (VIC-3D). (c) Development position of
surface cracks.



Figure 7

Morphology and parameters of surface cracks passing through G2 gully. (a) Development morphology of
surface cracks (VIC-3D). (b) Displacement cloud map of overburden strata. (c) Development position of
surface cracks.



Figure 8

Failure and stress analysis model of overburden strata in double gullies terrain. (a) Multilateral block
failure model of overburden strata. (b) Failure morphology of overburden strata in G1 gully. (c) Failure
morphology of overburden strata in G2 gully. (d) Stress analysis model of Multilateral block.


