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Abstract The fracturing and caving process of key

strata in overburden strata and the distribution law of

abutment stress over key strata and immediate roof are

investigated and the effect of the rupture of key strata

on abutment stress in coal rib and the subsidence of

earth’s surface are also analyzed. The simulated

results show that the abutment stress over key strata

and immediate roof are not uniformly distributed. The

rupture of key strata has a great impact on the

abutment stress in coal rib, i.e., the abutment stress is

much high before the rupture of key strata and reaches

to the maximum on fracturing and then decreases

sharply after fracturing and the peak abutment stress

moves away from working face into coal seam. In

addition, the rupture of key strata has also impact on

the subsidence of the earth’s surface. The subsidence

ratio is basically stable before fracturing and increases

remarkably after fracturing and gradually becomes

stable as mining.

Keywords Strata movement � Abutment stress �
Key strata � Longwall mining

1 Introduction

The extraction and use of coal resources remarkably

benefits human being but also causes a series of

adverse impacts on the environment that challenge all

of the coal mining countries. Coal extraction com-

monly causes strata movement and land subsidence

that then leads to mining hazards such as ground water

in-rush, rock burst and damages to buildings or

structures on the surface, as well as pollution of the

environment. For many years, longwall mining is one

of the common mining methods for extracting coal in

various thicknesses of coal seams and is much more

effective, productive and safer than any other mining

methods. The productivity of longwall mining is

potentially high because it is basically a continuous

operation requiring fewer workers and allowing a high

production rate to be sustained. A longwall face is

generally between 200 and 400 m long and the full

thickness of the seam is extracted by a coal shearer.

After advance of the face the roof located behind the
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support becomes unsupported, loose and even caved.

In longwall mining, the primary objective is to design

coal pillars that are left in place to control mine

stability and surface subsidence and, hence, to prevent

damage to surface or near-surface structures such as

buildings, railways, highways, rivers and pipelines.

Poor knowledge of the characteristics of strata move-

ment due to longwall mining can create very serious

ground hazards, potentially jeopardizing the safety

and lives of mine personnel, as well as affecting the

productivity and efficiency of a mining operation. For

decades, extensive effort has been paid to study the

strata movement and stress distribution law induced

by mining excavation and obtain comprehensive

understanding of the permeability evolution of coal

seam (Chen et al. 2014; Xie et al. 2015; Yang et al.

2011a, b) and a proper design of a coal pillar (Chugh

et al. 1990; Hammy and Fejes 1992; Holla 1997; Holla

and Buizen 1991a; Islam et al. 2009). Holla and

Buizen (1991b) performed an empirical study of the

sub-surface deformation caused by retreating longwall

mining and monitored the strata movement over a

longwall panel and indicated that the three-joint-arch

structure formed by the broken key roof stratum is

monotonically unstable structure and its limit value is

determined by the breaking convergence value.

Moreover, the mechanism of the main roof breaking

at shallow depth is due to the bifurcation instability of

the roof structure. Hammy and Fejes (1992) charac-

terized the overburden response to long wall mining in

the Western United States. Yang (2010) studied the

stability of nearly horizontal roof strata in shallow

seam longwall mining panel. Hosseini et al. (2013)

analyzed the periodic roof weighting interval in long-

wall mining using finite element method. Hosseini

et al. (2013) studied the stress redistribution around the

longwall mining panel using passive seismic velocity

tomography and geo-statistical estimation. Wang et al.

(2013) presented a numerical investigation on the

dynamic mechanical state of a coal pillar and the

assessment of the coal bump risk during extraction

using the longwall mining method and the results

predicted that the peak abutment stress occurs near the

intersection between the mining face and the roadways

at a distance of 7.5 m from the mining face. Suchow-

erska et al. (2013) studied vertical stress changes in

multi-seam mining under super critical longwall

panels and found that the abutment angle has a

significantly greater effect on the magnitude of the

relative changes in vertical stress in the strata below a

pillar than the overburden depth. Ju and Xu (2013)

studied the structural characteristics of key strata and

strata behaviour of a fully mechanized longwall face

with 7.0 m height chocks and proposed a calculation

method of working resistance for 7.0 m height chocks.

Shibata et al. (2014) described the applicability of the

longwall mining system from final highwall and its

suitable design taking the slope stability into consid-

eration and performed a preliminary study on design

of long-wall mining from final highwall at Mae Moh

Lignite mine in Thailand using Flac3D.

Though extensive effort has been paid to under-

stand the rupture and collapse of overburden strata and

the abutment stress redistribution patterns above coal

face and key strata and around coal pillar, there

remains unclear about the dynamic mechanical state of

a coal pillar and the nonlinear behavior associated with

mining-related rock mechanics problems during the

extraction of a longwall mining panel. A thorough

understanding of in situ stress environment is essential

for effective ground control during underground

mining. In particular, understanding the stress field

around a longwall panel and overburden strata move-

ment law is one of the key components that enables

mining engineers to predict potential failures. Thus, in

this paper, the progressive damage, fracture and

collapse process of rock strata, from the initiation

and propagation of cracks firstly in the two heads and

the middle part of strata to rupture and collapse of

strata, viz., weighting, is simulated to investigate the

characteristics of strata movement, surface subsidence

and abutment stress distribution above coal face and

key layers as mining. The work described in this paper

has attempted to investigate the rupture and collapse

characteristics of overburden strata and the redistri-

bution of abutment stress patterns above coal face and

key strata during the underground mining based on the

geological condition of a typical longwall panel from a

coal mine.

2 Description of the model

The theory of elastic-damage mechanics is incorporated

into the model and the elastic and isotropic damage is

assumed in the rock failure process analysis (abbrevi-

ated as RFPA) model. The model accounts for material

heterogeneity to obtain a collective macroscopic
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behaviour different from those of the elements through

a stochastic local failure stress field. There are four

features distinguishing it from other numerical model:

(1) by introducing heterogeneity of rock properties into

the model, it can simulate non-linear deformation of a

quasi-brittle behavior with an ideal brittle constitutive

law for the local material, (2) by introducing degrada-

tion of material parameters after element failure, it can

simulate strain-softening behavior, (3) by recording the

event accounts and event rates of failed elements, the

seismicities associated with the progressive failure in

rock can be simulated, (4) by the setting of step caving,

the advancing of mining face can be simulated.

Specifically, in the model the inhomogeneity or

heterogeneity of material is incorporated to obtain a

collective macroscopic behaviour different from those

of the elements. There are two levels of heterogeneity

in rock mass, one being the differences in properties

between the rock block and the discontinuity such as

joints (Wasantha et al. 2015) or fractures (Noorian-

Bidgoli and Jing 2015; Yakovlev et al. 2010) at a

macro-scale, and the other being the heterogeneity

within the intact rock blocks due to differences in the

randomly distributed flaws at a meso-scale. In the

model, because the system was analysed at a meso-

scale, the heterogeneity within the intact rock blocks

due to the differences in the degree of weathering and

the randomly distributed flaws at a meso-scale was

taken into account. The mechanical properties such as

strength and Young’s modulus of the mesoscopic

material elements, which are assumed to be homoge-

neous and isotropic, are assigned randomly from the

Weibull statistical distribution (Weibull 1951) as

shown in Fig. 1.

f uð Þ ¼ m

u0

u

u0

� �m�1

exp � u

u0

� �m� �
ð1Þ

where u is the mechanical parameter of individual

element such as failure strength or elastic modulus and

u0 is a scale parameter relative to the mechanical

parameter of all elements, i.e., the mean mechanical

property of the elements for the specimen m is defined

as the homogeneity index of the material. According

to the definition, a larger m implies a more homoge-

neous material and vice versa.

The maximum tensile strain criterion and a mod-

ified Mohr–Coulomb criterion with a tension cut-off

are adopted as two damage thresholds (Brady and

Brown 2004). This makes it possible to simulate the

transition from distributed damage by tensile micro-

cracking to damage where microcracks can interact,

coalesce, and ultimately form a shear fault. The stress–

strain relationship can be described by an elastic

damage constitutive law. Continuum damage mechan-

ics can describe the effects of progressive micro-

cracking, void nucleation, and micro-crack growth at

high stress levels using a constitutive law, by making

use of a set of state variables modifying the material

behaviour at the macroscopic level. Using an isotropic

continuum damage formulation, the constitutive law

for an isotropic and elastic material at instantaneous

loading can be written as (Lemaitre and Desmorat

2005)

eij ¼
1 þ m
E

rij �
m
E
rkkdij: ð2Þ

E ¼ E0 1 � Dð Þ ð3Þ

where eij is the damaged elastic strain tensor, rij is the

stress tensor, E and E0 are the Young’s modulus of the

damaged and undamaged material, respectively, D is

the isotropic damage variable, m is the Poisson’s ratio

and dij is the Kronecker symbol. In the case of a

uniaxial state of stress (r11 6¼ 0; r22 ¼ r33 ¼ 0), the

constitutive relation can be rewritten in terms of the

longitudinal stress and strain components only

r11 ¼ E0 1 � Dð Þe11 ð4Þ

Hence, for uniaxial loading, the constitutive law is

explicitly dependent on the damage index D.
Fig. 1 Weibull distribution for element failure strength
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The model is based on progressive isotropic elastic

damage. Figure 2 shows the constitutive law for an

element in uniaxial compression and uniaxial tension.

When the stress on an ent exceeds a damage threshold,

its Young’s modulus E is modified according to

Eq. (4). In the beginning, each element is considered

to be elastic, as defined by a specific Young’s modulus

and Poisson’s ratio. The stress–strain curve of the

element is considered linear elastic with a constant

residual strength until the given damage threshold is

reached. The maximum tensile strain criterion and

modified Mohr–Coulomb criterion with tension cut-

off (Brady and Brown 2004; Jeager et al. 2007) have

been selected as two damage thresholds. At any time,

the tensile strain criterion is preferred since the tensile

strength of rock is far lower than its compressive

strength.

Specifically, when the mesoscopic element is under

uniaxial tensile stress, at the beginning, the stress–

strain curve is linear elastic and no permanent damage

occurs. When the maximum tensile strain criterion is

met for a given element, the element is damaged.

According to the constitutive law of mesoscopic

elements under uniaxial tension, the damage evolution

of element D can be expressed as (Tang et al. 2006)

D ¼
0 e\et0
1 � rtr

eE0

et0 � e\etu

1 e� etu

8><
>: ð5Þ

where rtr is the residual uniaxial tensile strength and

rtr ¼ krt0 where k is the residual strength coefficient

and rt0 is the uniaxial tensile strength at the elastic

strain limit et0. etu is the ultimate tensile strain of the

element. Equation (5) indicates that an element would

be completely damaged when the tensile strain of the

element attains this ultimate tensile strain.

Similarly, when the element is under uniaxial

compression and damaged in shear mode according

to the Mohr–Coulomb criterion, the damage variable

D can be described as follows (Tang et al. 2006)

D ¼
0 e� ec0

1 � rcr
eE0

e[ ec0

(
ð6Þ

where rcr is the residual uniaxial compressive strength

and is defined as rcr ¼ krc0. In the model, it is

assumed that rcr=rc0 ¼ rtr=rt0 ¼ k holds true when

the mesoscopic element is in uniaxial compression or

tension.

From the above derivation of the damage variable

D (which is generally called the damage evolution

law in damage mechanics) and Eq. (4), the damaged

Young’s modulus of an element at different stress or

strain levels can be calculated. The unloaded

element keeps its original Young’s modulus and

strength prior to its strength threshold. That is to

say, the element can always return to its original

point when unloading. It must be emphasized that

when damage variable D is equal to 1, Eq. (4)

stipulates that the damaged Young’s modulus will be

zero, which would make the system of equations ill-

posed. Therefore, a relatively small value (1.0 e-05)

is given for the Young’s modulus under this

condition.

In addition, in the model a single damage event

represents a micro-crack-forming event to assess the

damage evolution, and the damage energy release is

related to the strain energy of the element before and

after its damage. Therefore, the number of damage

events is counted by the number of damaged elements

(a) 

(b) 

c0

cr

0 

t0tu

Fig. 2 Constitutive law for element in uniaxial compression

(a) and uniaxial tension (b)
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and the damage energy release can be determined from

the area of shadow shown in Fig. 2. The damage

energy release from an individual damaged element in

uniaxial compression can be expressed as follows

ef ¼
k� 1ð Þr2

c0

2kE
Ve ð6Þ

and the cumulative damage energy can be obtained

from the strain energy release of damaged elements

X
ef ¼

k� 1ð ÞVe

2k

X r2
c0

E
ð8Þ

where E is the elastic modulus of the individual

element, Ve is the volume of the individual element,

and rc0 is the uniaxial failure strength of the individual

element. Similarly, the damage energy release from an

individual damaged element
k�1ð Þr2

t0

2kE Ve and the cumu-

lative damage energy
k�1ð ÞVe

2k

P r2
t0

E
in uniaxial tension

can also obtained. After each damage event, we update

the damage, the stress, and the strength of each

element.

Thus, the model can be used to describe the damage

and fracture of heterogeneous brittle rock and the

extraction or excavation of coal or rock. More details

about the model can refer to the publications (Li et al.

2014; Xu et al. 2006, 2012, 2013, 2014).

3 Numerical model setup

In this section, the model is used to investigate the

characteristics of deformation and fracturing of over-

burden strata during the extraction of coal seam. The

main mineable coal seam of the coal mine is 5 m thick

on average and is nearly horizontal. The panel is

mined using the longwall mining method. The imme-

diate roof of the panel is composed of sandy mudstone

and is approximately 5 m thick. The average depthof

coal seam below surface is approximately 175 m. The

coal panels were planned for extraction by means of

longwall mining face in the mining panel. Coal has

been produced by means of longwall retreat method

where a 5 m high longwall face was operated at the

floor of the coal seam. According to the site-specific

conditions, a reasonable study area of 1.5–2 times of

the maximum mining area is determined. The model

domain for the study area is 225 m in height and

350 m in length. The thickness of the upper coal seam

is 5 m, which is located at 180 m below the earth

surface. The numerical model discretized into 50,400

elements (180 9 280) contains a total of 10 strata

based on the site-specific geological conditions as

shown in Fig. 3. Considering the effect of bedding and

weak plane on the failure of rock mass, it is necessary

to embed some bedding plane between two contiguous

strata in the model. Longwall mining method is

employed and the roof is managed by caving method.

The mining length of coal seam is 100 m, with 20

steps in total, that is, 5 m each step. In the light of site-

specific mining conditions, it is assumed that the time

interval of each step is a half day, i.e. the extraction of

coal seam lasts 10 days of the whole mining process in

the simulation.

In the simulation, plane strain model as shown in

Fig. 1 is adopted. The elements in the numerical

model are characterized by the Young’s modulus (E),

uniaxial compressive strength and Poisson’s ratio (t).

It is crucial to properly assess the properties of the

surrounding rock to obtain acceptable results for

numerical modeling. Therefore, the physical and

mechanical properties of each geological unit must

be determined. In general, the properties of the

surrounding rock are determined by laboratory testing.

Samples of the surrounding rock described above were

obtained from exploration drilling cores and rock

blocks taken directly from the coal mine. According to

the available literature (Brady and Brown 2004), the

uniaxial compressive strength, Young’s modulus,

Poisson’s ratio, cohesion, and friction angle of the

rock are needed to analyze the fracturing and caving

process of key strata in overburden strata and the

distribution law of abutment stress over key strata and

immediate roof in this study. Uniaxial compression

350m 
225m

 

2 

Surface layer 

Rock layer 2 

Rock layer 1 

Rock layer 3 

Floor 

Key stratum 1

Rock layer 4 

Key stratum 2

Fig. 3 Numerical model for coal mining

Geomech. Geophys. Geo-energ. Geo-resour. (2015) 1:79–89 83

123



tests were used to determine the uniaxial compressive

strength, Young’s modulus, and Poisson’s ratio. The

cohesion and friction angle of the surrounding rocks

were obtained by triaxial compression tests. Based on

the results of these tests, the panel stratigraphy and

other important geotechnical parameters of the coal

seam, roof, and floor strata adopted in the simulation

for the numerical model are listed in Table 1. Here

some rock layers are either grouped into a composite

layer or simply taken as a unit rock layer, depending

upon the nature, thickness, physico-mechanical prop-

erties of rock. The boundary conditions of the

numerical model are that the both sides of the model

are restricted by displacement in the horizontal

direction, the upper of the model is free and the

bottom of the model is fixed by displacement. In the

simulations, coal mining in ten steps by 5 m per step

was consecutively carried out to simulate the progres-

sive coal extraction process.

4 Modeling results and discussion

4.1 Abutment stress distribution above key strata

The typical fracturing and caving process and shear

stress distribution in overlying strata are presented in

Fig. 4 with mining. Only six snapshots are illustrated

in Fig. 4 for the limit of the space. Note that the more

bright the grayness, the higher the shear stress is, and

vice versa in Fig. 4. It can be seen from Fig. 4 that

immediate roof bends with coal mining due to gravity

after opening cut, and to a certain extent ruptures along

the end of coal sidewall. Immediate roof collapses

when coal face advances to 20 m as shown in Fig. 4a.

Later on, periodic collapse of immediate roof occurs at

an interval with the advance of coal face as demon-

strated in Fig. 4b, c. When coal face advances to 60 m,

the weak rock strata between key strata l and 2 bends

with the bending of key stratum 1 and bed separation

generates in the middle, but still in close contact with

two ends of key stratum 1. Meanwhile, tensile cracks

occur in the middle of the strata above key stratum 2

and clusters of mining induced cracks are generated

above coal sidewall as shown in Fig. 2c. With the

moving forward of coal face, key stratum 1 first

ruptures under the action of separated rock, followed

by the rupture and collapse of key stratum 2 and the

overburden strata due to loss of the support from two

ends of rock mass below, as shown in Fig. 4e, f.

The stress distribution curves above key strata 1 and

2 with mining are respectively shown in Figs. 5 and 6.

As can be seen from Figs. 4d, d0, 5 and 6, the cracks in

the strata above key strata 2 are caused by the mining-

induced stress concentration. After the mining exca-

vation, the redistribution of stress, characterizing with

high stress zone and low stress zone, is generated in

the strata above key strata. The stress concentration

behind the mined-out area is less than that above coal

face since the rock strata behind the mined-out area are

in the a constant mining state, resulting in stress

concentration, stress transfer and stress re-concentra-

tion. As can be seen from Figs. 4 and 5, the stress level

above the key strata is small when the mining

Table 1 Physical and mechanical properties of coal and surrounding rocks

No. Formation Young’s modulus

(GPa)

UCS

(MPa)

Density

(9103 kg m3)

Angle of internal

friction (�)
Thickness

(m)

1 Surface layer 2 10 1.8 45 50

2 Rock layer 1 8 30 2.1 45 33

3 Rock layer 2 8 30 2.1 25 36

4 Rock layer 3 8 30 2.1 22.2 31

5 Key stratum 1 15 60 2.4 43 5

6 Rock layer 4 8 30 2.1 28 10

7 Key stratum 2 15 60 2.4 28 5

8 Immediate roof 7 20 2.0 28 5

9 Coal seam 5 15 1.4 28 5

10 Floor 8 60 2.4 25 45
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excavation spacing is small, as shown in the excava-

tion spacing of 20 m, the key strata above the mined-

out area is less stressed due to the formation of self-

supporting role of key strata, and the stress concen-

tration in the strata just above coal sidewall is also not

serious. Nevertheless, when the mining excavation

spacing increases to 50 m, the stress concentration in

the key strata above the coal side walls is serious and

obvious stress reduction happens in the mined-out

area, moreover, with the continuation of coal mining,

the stress in key strata is in a dynamic state, that is, the

stress concentration zone in the key strata above coal

Fig. 4 Fracturing process

and stress distribution. Left

elastic modulus, right shear

stress
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sidewall gradually moves forward and the stress

decrease zone behind mined-out area is gradually

expanding as mining. After the breaking of key strata,

the broken key strata in mined-out area are only

stressed from the gravity of collapsed rock above the

key strata, as illustrated in the stress increase in Figs. 4

and 5 and also demonstrated in the stress diagram in

Fig. 3. The peak abutment stress in the key strata

above coal face is 2.0–2.5 times the average stress, viz.

in situ stress, while the peak abutment stress in the key

strata behind mined-out area is about 1.5–1.8 times the

average stress, which is in a good agreement with the

findings (Qian et al. 2003).

4.2 Abutment stress distribution in immediate

roof

The distribution of abutment stress in the immediate

roof is shown in Fig. 7. As shown in Fig. 7, the

position of abutment stress acting on coal pillar at the

rear mined-out area remains almost unchanged, while

its peak continue to increase with the advance of the

coal face. As the key strata ruptures and collapses, the

peak abutment stress remains almost unchanged and

forms a constant abutment stress with the advance of

coal face. The abutment stress in front of coal face

continues to move forward and forms moving abut-

ment stress. The relationship between the distance of

peak abutment stress from coal face and mining

distance is presented in Table 2. As can be clearly seen

from Table 2, the distance of peak abutment stress

from coal face is less than 10 m in the operation of

coal mining, which agrees well with the findings (Qian

and Shi 2003).

4.3 Effect of key strata rupturing on abutment

stress

As mentioned earlier, when the face advances to 60 m,

the key strata 1 and 2 both collapse. The abutment

stress in the coal sidewall in front of coal face at the

pre-rupturing, rupturing and post-rupturing of key

later is shown in Fig. 8. As can be seen from Fig. 8, the

abutment stress in the coal rib gradually increases

before the rupturing of key strata and reaches to the

maximum at the rupturing of key strata. After the

Fig. 5 Abutment stress in key stratum 2 with mining

Fig. 6 Abutment stress in key stratum 1 with mining
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Fig. 7 Abutment stress over immediate roof

Table 2 Relationship between the distance of peak abutment

pressure from coal face and mining distance

Mining distance (m) Distance of peak abutment

stress from coalface (m)

20 3

50 7

60 8

80 6
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rupturing of the key strata, the abutment stress in front

of the coal sidewall is greatly reduced, and the peak

abutment stress continuously moves away from coal-

face and toward coal seam. The reason for this is that

the key strata bears most of the abutment stress before

the rupturing of key strata, but after the rupturing of

key strata, the stress redistributes and this part of the

load passed on coal and coal yields and fails due to low

strength under higher stress concentration, and thus

the abutment stress acting on coal shifts inwards the

coal.

4.4 Effect of key strata rupturing on surface

subsidence

The relationship between vertical displacement and

horizontal displacement of earth surface in coal

mining from open cut to the rupturing of key strata

is shown in Fig. 9. Since the horizontal displacement

of the numerical model at the left and right boundary is

kept fixed and only the vertical displacements are

allowed in the model to investigate the strata move-

ment with mining, the vertical displacement can be

seen in a form of surface subsidence, and the

horizontal displacement is equal to zero at the left

and right boundary of the model domain. While the

left part of the strata in the model domain moves to the

right and the right part of the strata in the model moves

to the left. Thus, we can see that there are some

positive displacements towards the right direction as

well as negative displacements towards the left

direction since they move in opposite direction. As

can be seen from Fig. 9, the impact of coal mining on

horizontal and vertical displacement is small when the

face advance distance is small, and the vertical

displacement profile of earth surface is not symmet-

rical. With the increase in mining distance of coal face,

the movement (vertical displacement) and the hori-

zontal movement (horizontal displacement) of surface

subsidence are also increased with a trend of gradually

symmetrical distribution, characterizing with a surface

subsidence basin. In addition, the rupturing of key

strata has a greater impact on earth surface subsidence

in the process of coal extraction as shown in Fig. 10.

Fig. 8 Distribution of abutment stress in coal rib before, at and

after the fracture of key strata
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Before the breaking of the key strata, vertical surface

subsidence gradually increased and the subsidence

rate is maintained substantially constant as demon-

strated in the first part of curve in Fig. 10. After the

breaking of the key strata, i.e., at the 60 m distance of

the coal face mining, earth surface subsidence rate

increased dramatically, later on, the rate of surface

subsidence again gradually stabilized with the pro-

ceeding of coal mining operation.

5 Conclusions

In this paper, numerical simulations on the fracturing

and caving of overburden strata induced by longwall

mining were performed to study the deformation and

failure characteristics of overlying strata and associated

abutment stress distribution in strata using rock failure

process analysis code, which considers the heterogene-

ity and nonlinear characteristics of overburden rock

strata. Numerical results show that the equilibrium of

stress in rock mass was disturbed due to coal mining

and that the stress around the coal extraction panel is

redistributed. The stress above key layers is character-

ized with low stress zone, high stress zone and in situ

stress zone along the mining direction. The peak

abutment stress in key layer over the coal face is 2.0–2.5

times the in situ stress and the peak abutment stress in

key layer behind the mined-out area is 1.5–1.8 times the

in situ stress. After coal mining, the peak abutment

stress in front of coal face is generally higher than the

stable peak abutment stress around the mined-out area.

The distance of the peak abutment stress in front of coal

face away from the coal face sidewall is approximately

10 m. The abutment stress in front of coal face

gradually increases with coal mining before the rupture

of key layer and reaches to the maximum at the rupture

of key layer. After the rupture of key layer, the

abutment stress in front of coal face sharply decreases

and the peak abutment stress continuously shifts to the

coal seam. The rupture of key layers has a greater

impact on earth surface subsidence in the process of

coal mining. Before the breaking of key layer, the rate

of earth surface subsidence basically remains stable,

while the rate of earth surface subsidence increases

dramatically after the breaking of key layer and

gradually tends to be stabilized with mining excavation.

The approach employed in this paper captures the

mining-induced deformation and failure characteristics

of overlying strata and associated abutment stress

distribution in strata, which is in agreement with field

observations. It is reasonably indicated that rock failure

process analysis code can be effectively applied in the

study of strata movement and surface subsidence

induced by mining excavation.
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