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Abstract: Open stoping and subsequent backfill is a mining method with high requirements for rock mechanical conditions and ore 

recovery. To optimize stope structural parameters in Jama copper mine, Serbia, A theoretical calculation and numerical simulation is 

carried out. Under the condition of keeping constant stope length and height, the reasonable range of structural parameters is obtained 

through the theoretical calculation of safe span. Further, FLAC3D is used to simulate the stope stability under four schemes, and the 

displacement, plastic zone distribution, principal stress change and safety factor value are used as the criteria. The results show that 

when the stope structural parameters are 60 m in length, 18 m in room width, 15 m in pillar width and 40 m in height, there is no 

through failure in the whole mining process. When simulating the mining of the stope at -210 mL, safe and efficient mining is realized 

with the stable mined-out areas at upper stage. This study provides theoretical basis and technical reference for the sustainable 

development of BR ore body in Jama mine. 
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1.Introduction 
 

Open stoping and subsequent backfill is widely used in metal 

mines worldwide since its advantages of high mining and 

backfill efficiency, safe operation and low loss and dilution 

rate. With the gradual advancement of mining to the deep, it 

has irreplaceable advantages in ground pressure control, 

stope stability, operation safety and surface collapse control
 

[1]
. Moreover, Open stoping and subsequent backfill is a 

coordinating combination of backfill method and open stope 

method, and gradually forms the process characteristics of 

"high stage, large panel and mechanization". While inheriting 

the advantages of backfill method, it also has the advantages 

of high production efficiency, high mining intensity and safe 

working environment. It is a backfill mining method with 

highest production efficiency at present, representing the 

development direction of large-scale, high-efficiency and 

green mining
 [2]

. 

 

It is of great theoretical significance to reasonably determine 

the structural parameters such as stope room span and roof 

thickness of open stoping and subsequent backfill. The 

optimization of stope structural parameters mainly includes 

theoretical calculation method
 [3-7]

, numerical simulation 

method
 [8-13]

, neural network method
 [14-15]

, etc. The existing 

study provides a more effective means for the optimization of 

stope structural parameters. Liu et al
 [16]

 used numerical 

simulation to analyze the stability of surrounding rock in 

order to improve mining rate and control roof stability. The 

results show that the stability of roof can be guaranteed by 

adopting stope structural parameters with room height of 16 

m, room width of 6 m, roof cutting height of 4 m and floor 

mining height of 12 m. Wei et al
 [17]

 determined the stope 

parameters of the sublevel subsequent backfill stage of 

Tieshizishan mine according to the similar material 

simulation, displacement monitoring and internal stress 

monitoring. T. Mall et al
 [18]

 simulated the stress change of 

ore pillar in four different stages in Bayındır lead-zinc mine, 

and proposed a designed stoping parameters with the safe 

deformation range. The above research cases of stope 

structure parameter provide important is valuable for safe and 

efficient production of mines. 

 

Jama copper mine is an underground mine in production in 

Bor, Serbia. The main BR ore body is located in the 

northwest of Jama copper deposit, with an overall strike of 

NW-SE and a dip angle of 45 ~ 55°. The strike of the ore 

body is about 1450 m long and 360 m wide, extending about 

1400 m vertically, and the occurrence elevation is 92~-934 

m. It is an inclined and extremely thick porphyry copper ore 

body. In this study, the safe and reasonable stope span of 

open stope method is firstly obtained by calculation of 

ultimate allowable span. Secondly, under the conditions of 

constant height and length at -150 mL, four schemes of 

variable room and pillar configurations at -210 mL are 

designed, and the stability of stope and mined-out areas in 

two stages of mining is simulated by FLAC
3D

. Finally, 

combined with the theoretical calculation and numerical 

simulation results, the optimal stope structural parameters 

incorporating safety and economic factors in open stoping 

and subsequent backfill at Jama copper mine are determined. 

 

2.Mine overview 
 

2.1 Mining technical conditions 

 

BR ore body in Jama mine is an inclined and extremely thick 

porphyry copper ore body. The joints and fissures of the ore 

body are generally developed, most of which are layered 

joints and mainly shear joints, and there are few tensile joints. 
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The joint spacing is 25~50 cm. The RQD value of rock 

quality index is 73.46%~82.02%, with an average of 77.31%, 

and the uniaxial compressive strength is 76.26 MPa. The 

main lithology is kaolinized andesite and silicified andesite. 

The rock has relatively low strength, high joint density and 

high water content. The hanging wall andesite has a RQD 

value of 72~80%, a uniaxial compressive strength of 60~110 

MPa. The footwall is conglomerate and structural breccia 

existing in Bor fault, whose RQD value is 75~92% and the 

uniaxial compressive strength is 50 ~ 70 MPa. 

 

2.2 Mining methods 

 

At present, stopes at -150mL and above has basically 

completed mining, and -210 mL is under developing. The 

strike length of the ore body at -210 mL is about 660 m, the 

thickness of the ore body is 40~240 m, and the inclination 

angle is 45~55°. To ensure safety, -170 m~-150 m is 

designed as reserved roof, that is, the roof thickness is 20 m. 

The -210 m ore body is mined by open stoping and backfill 

with large-diameter and deep hole. The stope is arranged 

perpendicular to the direction of ore body, and the room and 

pillar are arranged at regular intervals. The mining sequence 

is mining one after another. The schematic diagram of this 

mining method is shown as follows: 

 

 
Figure 1: Schematic diagram of open stoping and backfill 

 

3.Theoretical calculation of structural 

parameters 
 

Stope span is an important factor in stope structural 

parameters. If the span is too large, it is easy to lead to 

bending failure and shear failure, resulting in roof fall 

accident. A reasonable room span is more reliable with 

numerical simulation after theoretical calculation. The 

thickness span ratio theory, load transfer line theory, simply 

supported beam theory and unsupported span are used to 

analyze the reasonable room span. 

 

3.1 Thickness span ratio 

 

According to the theory and calculation of thickness span 

ratio, if the ratio of roof thickness to room span is less than 

0.5, it is considered that the roof is safe and stable. 

Considering the safety factor n, the relationship between 

room span and roof thickness under different safety 

conditions can be obtained. The calculation formula is shown 

in Formula (1). According to the Formula (1), the room span 

is also a single factor function of the roof thickness. When 

the roof thickness is between 4~22 m, the corresponding limit 

span of the room is shown in Figure 2. 

 

  
 

   n
     

 

where h is roof thickness, k is ultimate span of room, n is 

safety factor, taken as 1.3. 

 

 
Figure 2: Relationship between ultimate room span and roof 

thickness 

 

Figure 2 shows that the stope span of is also linearly 

proportional to the roof thickness. When the roof thickness is 

between 4 and 22 m, the ultimate room span is between 6.2 

and 33.8 m. 

 

3.2 Load transfer line theory 

 

Assumes that the load is transmitted downward from the 

center of the roof at a diffusion angle of 30°~35° with the 

vertical line. When this transmission line is located outside 

the interstage of the roof and the side slope of the mined-out 

areas, it is considered that the side slope of the mined-out 

areas directly supports the external load and rock self-weight 

on the roof and the roof is safe. In this case, the calculation 

formula of the relationship between the safe roof thickness 

and the room span is: 

 

     an      
 

where L is room span, H is roof thickness,   is The included 

angle between the load transfer line and the vertical line in 

the roof center, taken as 32°.  

 

According to the theoretical calculation formula of "load 

transfer interstage line", it can be seen that there is a positive 

correlation between the ultimate room span and the roof 

thickness. When the roof thickness is between 4~22 m, the 

corresponding ultimate room span is shown in Figure 3. 
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Figure 3: Relationship between limit room span and roof 

thickness obtained from "load transfer interstage line theory" 

 

As can be seen from Figure 3, the room span is also linearly 

proportional to the roof thickness. When the roof thickness is 

4~22 m, the limit span of the room is between 5.3~29.1 m. 

(0.14"). 

 

3.3 Simply supported beam theory 

 

According to the simply supported beam theory of material 

mechanics, and considering the influence of rock beam 

self-weight and upper load on rock beam, the ultimate room 

span is calculated. In the stability analysis, the tensile stress 

in the roof rock is mainly considered, and according to the 

theory of material mechanics, the position where the 

maximum tensile stress is generated is on the lower surface 

of the middle of the beam. The mechanical model of 

rectangular simply supported beam is established, as shown 

in Figure 4. 

 

 
Figure 4: Mechanical model of simply supported beam in 

material mechanics 

 

Assumes q is the load of the overlying strata on the roof, and 

the unit weight of the roof strata is γ, the width of the beam is 

l, the thickness is h, the span is z, and the support reaction 

force at both ends of the rock beam is p, then 

 

  
  

 
 
γ  

 
     

 

Taking the left end point as the origin, calculate the bending 

moment M of the left half load of the beam on the cross stage 

in the middle of the beam, and the formula is as follows: 

 

  
  

 
  γ  

 

 
   d     

 

 
   d 

 
 

 

 
 

 

     

 

Substitute equation (3) into equation (4) and integrate to get 

the next formula: 

 

  
  

 

 
 
γ  

 

 
     

 

For the convenience of analysis, if the width of rectangular 

stage beam is taken as 1, the bending stage coefficient Wz of 

rectangular stage is: 

 

   
  

 

 
     

 

Maximum bending normal stress of beam σmax is 

 

σ a  
 

  

     

 

Substitute formula (5) and formula (6) into formula (7) to 

obtain the next formula: 

 

σ a  
   

 
  γ  

 

  
 

     

 

where q is uniformly distributed load of overburden, l is 

beam span, γ is unit weight of open roof rock stratum, h is 

beam thickness. The uniformly distributed load q of the 

overlying strata is obtained by Terzaghi formula
 [19]

 and 

substituted into formula (8) 

 

σ a  
   γ

 
  

 
  γ

 
  

 

  
 

     

 

where γ1 is average bulk density of the overlying rock mass, l 

is open stope span, λ is average lateral pressure coefficient of 

the overlying rock mass, ψ is average internal friction angle 

of the overlying rock mass, H is open stope depth, h is roof 

thickness, γ2 is bulk density of the roof rock mass. 

 

According to the calculation, the span of the room increases 

linearly with the increase of roof thickness. When the roof 

thickness is 4~22 m, the corresponding ultimate room span is 

4.4~23.6 m. The roof thickness of BR ore body at -210 mL is 

reserved for 20 m, and therefore the corresponding room span 

is 21.5 m. 

 

3.4 Maximum unsupported span 

 

The relationship between the maximum unsupported span of 

underground excavation and Q value and excavation support 

ratio (ESR) is as follows: 

 

                       

 

where SPAN is span diameter or width of excavation body, 

ESR is support ratio of excavation body, Q is the 

classification index of Q system classification method. 

 

The support ratio of the excavation is related to its usage and 

allowable instability. According to the recommended value of 

ESR proposed by Barton
 [20]

 in 1976, when the mine roadway 

is used as a permanent project of the mine, ESR = 1.6. When 

the old mined-out areas and roadway are only used as a 

temporary channel of the mine, ESR = 3.0~5.0. According to 

Jama engineering geological survey, the Q value of ore and 
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rock is 17.18. The stope span can be calculated through 

formula (10). Since the mined-out areas is usually treated as a 

temporary channel, the maximum unsupported span of ore 

and rock can be calculated to be 18.72~31.20 m. 

 

3.5 Theoretical evaluation 

 

Under the condition of a constant roof thickness, the 

theoretical calculation value of the thickness span ratio is 

highest, and the theoretical calculation value of the simply 

supported beam in elasticity is lowest. When the roof 

thickness is 20 m, the ultimate room span calculated by the 

four theories is 18.72~21.5 m. From the perspective of stope 

safety, the minimum ultimate room span is taken as 18 m. 

Considering the loss rate, the pillar width should be less than 

18 m. A batch of numerical simulation is carried out to 

further evaluate the reasonable stope structural parameters. 

 

4.Numerical Simulation of structural 

parameters 
 

4.1 Numerical simulation method 

 

The numerical simulation object of stope stability is located 

at -210 mL, whose numerical model is 162° southeast along 

the strike of the ore body, as shown in Figure. 5 and 6. Based 

on the stope length of 60 m and mining height of 40 m in the 

mined -150 mL, the stope room length and height in the -210 

mL are consistent with those in the previous stage. At present, 

the structural parameters of -150 mL stope are scheme 1, 

taking this as the control group, four reasonable schemes are 

formulated for analysis and comparison. The specific 

simulation scheme is shown in table 1. The simulation 

scheme considers the failure response process of different 

stope widths in one step during mining.  

 

According to the current mining situation, the -150 mL is 

established, with 492 m long ore body along the strike, 12 m 

width ore room and 40 m mining height, number of 21 ore 

rooms are mined in one step. In the -210 mL, the ore body is 

612 m long along the strike and the mining height is 40 m. 

The altitude range of the model is +0~-320 m and the length 

is 812 m. Based on the established analysis model, the 

stability of single stope, multi stope and panel pillar in Jama 

mine is studied from the aspects of stress field, displacement 

field, plastic zone and safety factor with Flac
3D

. 

Table 1: Margin specifications 

Schem

e 
Room width /m 

Pillar 

widt

h /m 

Height/

m 

Length/

m 

Numbe

r of 

grids 

(103) 

1 12 12 40 60 78.90 

2 15 15 40 60 79.50 

3 16.5 15 40 60 78.24 

4 18 15 40 60 80.10 

 

 
Figure 5: A plan view of BR ore body at -210 mL 

 

 
Figure 6: Schematic diagram of numerical simulation model 

of stope stability 

 

The surface elevation of Jama mine is +398 m. When the 

buried depth of the ore body is -320 m (i.e. the bottom of the 

model), the vertical self-weight stress of the overlying strata 

is 19.0 MPa. The calculated initial in-situ stress of the stope 

along the strike is 15.2 MPa and the initial in-situ stress along 

the vertical strike is 22.8 MPa. Rigid constraints are adopted 

for the bottom perimeter of the analysis model, displacement 

constraints are adopted for the side along the strike direction, 

displacement constraints are adopted for the side 

perpendicular to the strike, and flexible constraints are 

adopted for the top of the model. The initial stress field is 

inversed through the elastic constitutive model. The 

Mohr-Coulomb ideal elastic-plastic model is used for the 

subsequent mining process analysis, and the empty element 

model is used for the excavation process. The physical and 

mechanical parameters of medium are mainly the mechanical 

parameters of ore body and surrounding rock. Mechanical 

parameters of ore body, surrounding rock and backfill are 

shown in Table 2.  

Table 2: Physical and mechanical parameters of analytical 

medium 

Type Ore body 
Hanging 

wall 
Footwall 

Strength of rock /MPa 76.26 71.92 49.27 

Strength of rock mass/MPa 19.06 17.98 12.32 

Tensile strength /MPa 0.66 0.64 0.3 

Elastic modulus /GPa 36.83 35.76 29.6 

Cohesion /MPa 7.147 6.25 4.62 

Internal friction angle /º 45.81 42.45 35.8 

Poisson's ratio 0.26 0.3 0.31 

 

4.2 Results of numerical simulation 

 

The simulation results are analyzed by taking the structural 

parameters of the stope room with a width of 15 m and a 
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height of 100 m as an example. Step 1 represents the stope in 

the mining at -150 mL, and Step 2 represents the stope in the 

mining at -210 mL. In the process of simulation calculation, 

Step 1 is firstly carried out, and then Step 2 is proceeded. The 

distribution law of stress field, plastic zone and safety factor 

in the mining process is analyzed, and the simulation results 

of each scheme are finally summarized, and the optimal stope 

structural parameters are proposed. 

 

4.2.1 Displacement field 

 

(1) Horizontal displacement monitoring (along the ore 

body trend) 

 

As shown in Figure 7 (a), when Step 1 is completed, the left 

side of the leftmost stope (south end) and the right side of the 

rightmost stope (north end), produce the maximum horizontal 

displacement at -150 mL, and the horizontal displacement 

value is 11.9~15.0 mm. The horizontal displacement at the 

south and north ends of -150 mL continues to increase with 

the recovery of -210 m stope, with the increase value of 

2.0~3.0 mm to 14.0~17.9 m (Figure 7 (b)). Therefore, in the 

case of stage pillar, the mining of -210 m stope has little 

effect on the horizontal displacement of -150 m stope. After 

the completion of Step 2 mining, the left side of the leftmost 

stope (south end) and the right side of the rightmost stope 

(north end), produce the maximum horizontal displacement at 

-210 mL. The horizontal displacement value is 15.4 mm, and 

the horizontal displacement values of other stopes are lower 

than this value. 

 

 
 (a)Step 1 

 
 (b)Step 2 

Figure 7： Horizontal displacement curve of left and right 

sides of stope 

 

(2) Vertical displacement (gravity direction) 

 

As shown in Figure 8 (a), after Step 1 mining, the maximum 

vertical displacement of the roof and floor at -150 mL, and 

the displacement of the roof of the stope is greater than that 

of the floor. The displacement value of the roof and floor of 

the middle stope is 20.2 mm and 6.0 mm respectively. As 

shown in Figure 8 (b), with the stope of -210 mL, the vertical 

displacement direction of the bottom plate of the middle 

stope in -150 mL changes from upward to downward, 

showing settlement, from 5.5 mm (upward) to 17.5 mm 

(downward). At -150 mL, the vertical displacement of the 

middle stope roof continues to increase, and the displacement 

value increases from 20.5 mm (downward) to 42.6 mm 

(downward), with a change value of 22.1 mm. After mining 

of Step 2, the floor displacement of the middle stope at -210 

mL is slight, with the displacement value of 5.0 mm (upward) 

and the roof displacement value of 24.5 mm. 

 

4.2.2 Distribution of plastic zone 

 

After mining of Step 1, the failure form of pillars in each 

stope at -150 mL is mainly tensile failure, and the total 

volume of tensile failure body is 1871.8m
3
/m (Figure 9 (a)). 

According to the mining status of -150 mL (number of 21 ore 

rooms and 20 pillars), the tensile failure volume of pillars in 

each stope is 93.59 m
3
/m, accounting for 19.5% of the total 

mining volume of stope. The main cause of tensile failure lies 

in the large deformation of stope roof and floor and two sides. 

From the perspective of stress transfer and release in panel 

stope, the local tensile failure caused by Step 1 will be 

conducive to the release of stress and the recovery of the 

room in the next stage. Due to the existence of pillar at -210 

mL, the mining at -210 mL does not affect the stability of 

pillar at -150 mL, and the tensile and shear failure volume of 

pillar at -150 mL does not change with the mining at -210 mL, 

which remains basically unchanged. 

 

Figure 9 (b) shows the bottom drawing roadway, bottom 

structure and stope pillar sidewall produce local tensile 

failure. The total volume of tensile failure is 2049.0 m
3
/m 

(unit stope length). According to the preliminary design of 

-210 mL mining (number of 19 ore rooms and 18 pillars), the 

tensile failure volume of each stope pillar is 113.83m
3
/m, 

accounting for 16.7% of the total stope mining. The pillars of 

the four stopes in the middle have local shear failure, with a 

small failure volume of 437.2 m
3
/m (unit stope length), and 

there is no through failure. The research shows that the stope 

room width is 18 m and the pillar width is 15 m (i.e. scheme 

4), which tends to be horizontal deformation and produce 

tensile failure. The shear failure of stope pillar will expand 

outward from the center of stope pillar. 

 

 
(a)Step 1 
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(b)Step 2 

Figure 9: Failure volume curve of stope pillar 

 

4.2.3 Principal stress 

 

After mining at -150 mL, the four corner boundaries of the 

mining pillar are prone to local stress concentration, and the 

stope pillar is generally under pressure (Figure 10 (a&b)). 

The average minimum principal stress of stope pillar is 

σ1=27.36 MPa (pressure), the corresponding maximum 

principal stress is σ3=0.068 MPa (tension). Figure 10 (c&d) 

shows that the stope pillar is still under overall pressure after 

mining at -210 mL. The average minimum principal stress of 

stope pillar at -150mL is basically consistent with Step 1, 

which is σ1=27.51 MPa (pressure), the maximum principal 

stress is σ3=0.067 MPa (tension). Average minimum principal 

stress of stope pillar at -210 mL is σ1=32.68 MPa (pressure), 

corresponding average maximum principal stress σ3=0.12 

MPa (tension). 

 

 
(a) Step 1 Minimum principal stress distribution 

 
(b) Step 1 Maximum principal stress distribution 

 
(c) Step 2 Minimum principal stress distribution 

 
(d) Step 2 Maximum principal stress distribution 

Figure 10: Distribution of principal stress during mining 

 

4.2.4 Safety factor 

 

The safety factor of stope excavation is evaluated by strength 

stress ratio index. Strength stress ratio (SSR) refers to the 

ratio of the yield strength of rock mass to the actual stress, 

which describes the proximity between the current stress state 

of the unit and the failure stress state. Minimum stress of 

assumed element σ1 and the maximum stress is σ3. The stress 

 o r’s circle in the current state is shown in Figure 11. The 

safety rate is the ratio of the ultimate stress state determined 

by Mohr-Coulomb strength criterion to the actual stress state. 

When the safety rate is 1, it is in a critical state. The greater 

the safety rate, the better the stability of surrounding rock. If 

the maximum principal stress is maintained σ3 unchanged, 

the minimum principal stress corresponding to the new 

critical Mohr’s circle can be obtained σ1'. The strength stress 

ratio is defined as: 

 

     
σ 
  σ 

σ  σ 
       

 

 
Figure 11:  o r’s circle diagram of element stress state 

 

According to the definition of strength stress ratio, Figure 12 

(a) shows the strength stress ratio distribution of shear failure 

in the range of 1.0~1.4 after mining of Step 1. The stress 

intensity ratio of stope pillar is mostly in a safe state, and 

only a few grid elements have shear failure. 

Paper ID: SE22321112920 60 of 63 



International Journal of Scientific Engineering and Research (IJSER) 

ISSN (Online): 2347-3878 

Impact Factor (2020): 6.733 

Volume 10 Issue 3, March 2022 

www.ijser.in 

Licensed Under Creative Commons Attribution CC BY 

After Step 2, the safety factor of two areas of stope pillar at 

-210 mL is close to 1.0, one is the central stope pillar, and the 

other is the mining pillar close to the northern boundary of 

the stope in the previous stage (Figure. 12 (b)). The 

distribution diagram of strength stress ratio shows that the 

stress redistribution caused by stope mining will reduce the 

safety factor of stope pillar, and the safety factor distribution 

is consistent with the distribution of model plastic zone. The 

bottom structure of the trench and the two sides of the ore 

drawing roadway are prone to shear failure and have a 

penetration trend, and the shear trace of the two sides 

presents a concave radian. The simulation results show that 

the bolt or anchor cable should be used to support the bottom 

structure. When the two sides of the trench bottom structure 

are supported, the bolt or anchor cable should deflect 

downward and penetrate the shear circle. 

 

 
(a)Step 1 

 
(b)Step 2 

Figure 12: Distribution of safety factor 

 

After Step 2, the distribution diagram of stress intensity ratio 

of stope pillar (Figure. 13) shows that the average safety 

factor of stope pillar at -210 mL is 1.89, which is higher than 

that of stope pillar at -150 mL by 1.74. In terms of the 

number of grid units, the grid units with a safety factor of 

1.0~1.2. Stage of -210 mL stope pillar account for 28.4%, 

while stope pillar at -150 mL is 3.6%. The mining at -210 mL 

does not affect the safety factor and safety factor distribution 

of stope pillar at -150 mL. Due to the existence of reserved 

roof between -150 mL and -210 mL (20 m in thickness), the 

safety factor of mining pillar at -150 mL does not change 

with the mining at -210 mL, and the safety factor remains 

basically unchanged (1.71~1.75). 

 

 
(a) Safety factor ratio of stope pillar at -150 mL 

 
(b) Safety factor ratio of stope pillar at -210 mL 

Figure 13: Stress intensity ratio of stope pillar 

 

4.3 Comparative analysis of variable schemes 

 

Table 3 shows the simulation results of various schemes, 

including displacement, stope pillar failure unit and safety 

factor. Through comparative analysis, it can be seen that the 

mining scheme with 15 m pillar in the stope is better than 

scheme 1. When the reserved pillar width of the stope is 15 m, 

stope width (15~18 m) at -210 mL has little impact on the 

pillar failure unit. The volume of the pillar failure unit 

changes between 2049.0~2149.4 m
3
, and the failure ratio 

changes between 15.9~17.0%, which does not exceed the 

critical ratio of pillar failure of 19.6%. In scheme 1, the pillar 

failure in stope is more serious, and the volume of pillar 

failure unit reaches 2641.8 m
3
, accounting for 20.9%. 

 

Therefore, from the perspective of the number of pillar 

failure units in the stope, the mining scheme with 15 m pillar 

in the stope is better than scheme 1. The mining at -210 mL 

does not affect the stability of stope pillar at -150 mL, and the 

tensile and shear failure volume of pillar at -150 mL does not 

change with the mining at -210 mL, which remains basically 

unchanged. Due to the existence of reserved roof between 

-150 mL and -210 mL (20.0 m in thickness), the volume and 

proportion of failure units of stope pillars left at -150 mL 

stope will not change with the recovery of -210 mL stopes. 

 

By analyzing the displacement change, plastic zone 

distribution, principal stress change and safety factor value, it 

can be seen that schemes 1-4 are in a stable state in the 

simulation process. Therefore, when scheme 4 is taken as the 

stope structural parameter at -210 mL, the mine production 

rate can be maximized. 
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Table 3: Summary of numerical simulation results of stope stability at -210 mL 

Project 
1 2 3 4 

12+12 15+15 16.5+15 18+15 

Displacement 

(mm) 

Step 1 -150 m 
Along strike (→) Max 14.2 14.2 14.2 14.2 

Gravity direction (↓) Max 20.2 20.2 20.2 20.2 

Step 2 

-150 m 
Along strike (→) Max 17.9 17.6 17.6 17.5 

Gravity direction (↓) Max 39.1 39.7 41.2 42.6 

-210 m 
Along strike (→) Max 16.3 15.8 15.6 15.4 

Gravity direction (↓) Max 20.7 21.5 22.9 24.5 

Failure unit 

Step 1 -150 m 
Volume /m3 1879.4 1840.3 1859.1 1871.8 

Proportion % 19.6 19.2 19.4 19.5 

Step 2 

-150 m 
Volume /m3 1879.4 1840.3 1859.1 1871.8 

Proportion % 19.6 19.2 19.4 19.5 

-210 m 
Volume /m3 2641.8 2072.2 2149.4 2049.0 

Proportion % 20.9 15.9 17.0 16.7 

Safety factor 

Step 1 -150 m 

Average safety factor/% 1.71 1.72 1.71 1.72 

<1.2 Proportion 2.7 2.9 2.7 2.5 

(1.2, 1.4) Proportion 59.5 59.7 59.7 60.0 

>=1.4 Proportion 37.8 37.4 37.6 37.5 

Step 2 

-150 m 

Average safety factor/% 1.73 1.74 1.75 1.74 

<1.2 Proportion 2.8 3.2 3.2 3.6 

(1.2, 1.4) Proportion 58.4 57.7 57.0 56.2 

>=1.4 Proportion 38.8 39.1 39.8 40.2 

-210 m 

Average safety factor/% 1.74 1.92 1.94 1.89 

<1.2 Proportion 24.6 16.4 23.2 28.4 

(1.2, 1.4) Proportion 26.5 22.2 15.6 12.7 

>=1.4 Proportion 48.9 61.4 61.2 58.9 
 

5.Conclusions 
 

1) When the roof thickness is 20 m, the ultimate room span 

calculated by the four theories is safe at 18.8~30.8 m. The 

room width is proposed as 18 m and the pillar width is 

15~18 m from the perspective of safe mining. 

 

2) The numerical simulation shows that the two sides of the 

stope have the maximum horizontal displacement. The roof 

and floor of the central stope of the panel have the 

maximum vertical displacement. The failure form of pillars 

in each stope at -150 mL is mainly tensile failure. The main 

cause of tensile failure lies in the large deformation of 

stope roof, floor and two sides. From the point of view of 

stope stress transfer and release, the local tensile, shear 

failure and deformation produced by -150 mL will be 

conducive to the release of stress and the stopes at -210 

mL. 

 

3) The evaluation of theoretical calculation and numerical 

simulation shows the optimal stope structural parameters at 

-210 mL is 18 m in room width, 15 m in pillar width, 60 m 

in stope length, 40 m in stage height. By optimizing stope 

structural parameters at -210 mL, equilibrium is realized in 

production efficiency and ore recovery in open stoping and 

subsequent backfill of Jama copper mine. 
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