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Abstract 

Using the way of driving and filling by solid wastes to replace parts of coal is an important technical path for solving protective 
coal pillar of "under three" coal mining and industry square in our coal mine, and the key depends on whether the new bearing 
structure formed by backfill and residual pillars can effectively substitute for the original large coal pillars or not. We obtained 
the influencing factors from stable dual bearing structure by the establishing mathematical model and researching on mechanism 
of overlying strata of dual bearing structure. Combined with the actual condition of protective band coal pillar of filling and 
recovery, some elements which are important to coal pillar stability have been researched, such as the width of the middle pillar, 
quantity of filling roadway, size of filling roadway, and grade of filling roadway. The results are successfully applied to the 
recovery of protective band coal pillar in the 4th region of the 1300 mining area that its surface is stability and some parts of coal 
pillars are recovered, and thus obtain a well engineering application purpose and economy benefit. 
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1. Introduction 

Because the exhaustion of the easy mining, exploitable mining and guarantee of the sustainable supplement of the 
coal, it made difficulty to mine coal seams, so the "three-underground"(under the buildings, railways and the water 
bodies) pressed coal, the establishing coal pillar in the factory and in other mining projects become the new mining 
trend[1]. The phenomena of three undersides pressed coal and the protection of establishing pillar are universal. Take 
the Shandon Province as the example, there are only 4 billion tons of remaining economical recoverable reserves. It 
can maintain about 20 years according to the production capacity at present. But there are 1100 coal pressed villages 
and important building all around the province, and it accounts for 50% in total pressed coal resources. There are 
968 villages and buildings in Yanzhou, Jining and Tengzhou coal field. So reforming the traditional mining style 
and carrying out the "green mining" technology are the essence of realizing environmental sustainable exploration 

[2]. Aiming at solving the above mentioned problems, project practices which include the "three-underground" 

 

* Corresponding author. Tel.: +86-516-83883445; fax: +86-516-83590588. 
E-mail address: lsxh2001@126.com. 

187 - ©  2009  Published  by  Elsevier  B.V.  

doi:10.1016/j.pro .2009.09.047

8 5220

eps

Procedia Earth 
and Planetary 

Science 

Open access under CC BY-NC-ND license.

brought to you by COREView metadata, citation and similar papers at core.ac.uk

provided by Elsevier - Publisher Connector 

https://core.ac.uk/display/82500758?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1
http://creativecommons.org/licenses/by-nc-nd/3.0/


 

pressed coal, other methods of coal pillar protection and the recovery of the road-tunneling replacement are 
developed at home and overseas in recent years[3-6]. It achieved the good technological and economical effects and 
became the important technological way of reducing the surface subsidence and improving the resource produced 
rate. Because it is influenced by many factors such as geological conditions, layout of the stowboard, characteristic 
and the process of filling bodies, the success of this technology will be influenced by the activity and the stability of 
the overlying strata after the filling replacement and the protection of the coal pillar. So this paper puts forward the 
mechanism that binary structure is composed by the coal pillar and the filling bodies replace the former overlying 
strata on the coal pillar, and does the primary analysis on these main influencing factors. 

The siltstone roof has a wide distribution in Ningdong mining area, western China. Such rock mass has a good 
integrity in natural state and its mechanical properties deteriorate rapidly when meeting water. This is the basic 
reason leading to tunnel roof broken after driving and roof-fall accident, but less research is based on this problem 
home and abroad. Therefore, in this experimental research, we use silty mudstone roofs of typical haulage drift as a 
research object to obtain some helpful conclusions. 

2. Project survey 

3F coal seam of the lower Permian series Shanxi group is the main seam in the south IV area of 130 mine areas. 
The seam structure is simple. The thickness of coal seam is from 3.5 to 5.2 m; the average is about 5.0 m.; its 
obliquity is 0° to 8°; the density is 1.35 t/m3 and Protodrakonov hardness of coal is 2-3 ( f=2-3). The buried depth of 
the seam is only about 290 m. 

3. Bearing mechanism of dual structure 

3.1. Concept of dual structure 

The basic method of “three-underground” and industrial square pillars fill mining after driving roadway is that: 
coal is produced by excavating roadway in protective coal pillar, then fill roadway with coal gangue, sand, solid and 
liquid waste, which will be new bearing foundation. Filling body and residual coal pillars (dual structure) which are 
bearing foundation substitutes original protective coal pillar. So the key of excavation roadway in protective coal 
pillar is that dual structure which is a new bearing foundation bearing loads of overlying strata effectively. And it 
does not destroy the stable structure of overlying strata and protect the deformation of surface effectively.  

3.2. Bearing behavior of dual structure 

Dual structure is composed of backfill and small pillar, after roadway was excavated in big pillar and filled, we 
established a mechanics analysis model (Fig.1).  

 
 

 

Fig. 1. The simplified model of strip coal pillar after driving and filling 

If pillar and backfill are all continuums, actual stress of original pillar is Ps, the average of bulk density is γ, the 
burial depth of pillar is H, so the actual stress of dual structure is Ps and Ps=γ H. The width of pillar 1 and pillar 2 are 
equal, so P1=P3, so hypothesis is that the stress of pillar 1, backfill and pillar are P1, P2 and P3 respectively. The 
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stress of pillar 1 and pillar 2 are P0, hypothesis is that roadway did not fill, and a1+a2=a0, so we can get Eq. (1) 
according to the equilibrium condition of static. 

 

P0 = (1+b1/a0) Ps  (1) 

 
According to the Eq.1, we can get curve of average stress and the ratio of width and depth shown in Fig.2 to 

substitute geomechanics parameters of 1300 mining area. 
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Fig. 2. Mean stress of pillar before driving and filling 

Fig.2 shows that, if the width of pillar 1 and pillar 2 are the minimum, the stress will become the maximum. If the 
width of pillar 1 and pillar 2 increase to a certain value, the mitigation effect of pillar’s stress will not be obvious 
when the roadway did not fill. 

The stress of dual structure derived as follows after the roadway felled. 
 

P1 = (1+b1/a0) Ps- b1/a0 P2  (2) 

 
According to the Eq. 2, the average stress of pillar 1 and pillar 2 is not only related to the stress of primary pillar 

after mining, but also related to the bearing capacity of filling, if the bearing stress of filling becoming greater, the 
stress of pillar 1 and pillar 2 will be smaller, it is more beneficial to the stability of pillar. The stress of coal pillar 1 
and 2 by computing are as follows [7-8]: 

 

P1 = (a0+b1)/(a0+C0 b1) Ps  (3) 

P2 = (a0+b1)/(a0+C0 b1) C0 Ps  (4) 

C0, C1 and C2 [9] are solved by Eqs. (5)- (7): 

C0 = ( E1 (1-µ1
2-C1 µ1- C1 µ1

2)+ E1 C1 µ2(1+µ2))/ (E1 (1-µ2
2-C2 µ2- C2 µ2

2)+ E2 C2 µ1(1+µ1)) (5) 

C1 = (E2 a0 µ1 (1+µ1))/ (E2 a0 (1-µ1
2)+ E1 b1 (1-µ2

2)) (6) 

C2 = (E2 b1 µ2 (1+µ2))/ (E2 a0 (1-µ1
2)+ E1 b1 (1-µ2

2)) (7) 

 
Where E1 and E2 are coal pillar elastic modulus and backfill elastic modulus respectively; µ1 and µ2 are coal pillar 

poisson ration and backfill poisson ration respectively. 
The relationship curve between average stress and the ratio of width and mining depth of coal pillar 1 and coal 

pillar 2 is shown in Fig.3. 
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Fig. 3. Mean stress of pillar after driving and filling 

Fig.3 shows that, the average stress of coal pillar 1 and coal pillar 2 tents to smooth after filling, the phenomenon 
of stress concentration is not obvious, which is favorable to coal pillar stability. 

According to Eqs. (6) and (7), C0 becomes larger when the elastic modulus and poisson ration of backfill 
becoming larger which means filling compacted. Therefore, backfill bears more loads, coal pillar 1 and coal pillar 2 
bears fewer loads. Bearing mechanism of dual structure is that, decreasing the loads of coal pillar 1 and coal pillar 2 
by filling, and limiting the lateral deformation of coal pillar to increase the bearing capacity of coal pillar and 
decrease the stress concentration degree. The ratio of the width of coal pillar 1 to coal pillar 2 and the width of 
backfill is the main influence factors on the arrangement of dual structure loads. 

4. Analysis of influencing factors about bearing behavior of dual structure 

According to the bearing mechanism of dual structure, the influencing factors of bearing behavior of dual 
structure are the width of pillar, the number of filling roadways, the size of filling roadway and the grade of filling 
roadway. Using FLAC4.0 [10] to analyze these factors on the stability of coal pillar, the middle pillar is middle point 
at the height direction; the central pillar is the middle point at the width direction. 

Take the 1300th mining area as an example for numerical simulation, coal seam, roof and floor mechanical are 
shown in Table 1. 

Table 1. Coal seam, roof and floor mechanical 

Strata 
Compressive strength 

(MPa) 

Tensile strength 

(MPa) 

Bulk density 

(t·m-3) 

Shear strength (MPa) 

Normal stress Internal friction angle 

(°) 30° 45° 

Medium sandstone 63.7 2.6 2.48 9.0 15.4 30 

Fine sandstone 55.6 2.3 2.63 5.7 10.6 38 

Coal seam 14.8 4.12 1.35 3.22 5.46 33 

Sandy shale 38.2 1.5 2.52 6.3 13.2 35 

Siltstone 45.3 1.9 2.55 3.1 8.0 30 

4.1. Width effects of coal pillar in filling roadway 

The former width of coal pillar is 50 m in the 1300th coal area of some coal mine, the stress change of coal pillar 
is researched.The filling roadway is centralized arranged in central coal pillar, distributed arranged in coal pillar and 
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distributed arranged near both sides of coal pillar. 
Concrete parameters are shown in Table 2. The simulation results are shown in Fig.4 and Fig.5. 

Table 2. Simulation scheme of different middle pillar width 

Scheme The roadway width (m) The roadway number The coal pillar width (m) 

Scheme1 4 2 4 

Scheme2 4 2 12 

Scheme3 4 2 30 
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Fig. 4. (a) interface between coalition and rock; (b) Center of pillar 

The Fig.4(a) shows the stress change of interface between mine and strata of coal pillar. The stress of central coal 
pillar increases with the increase of coal pillar’s width, and the peak stress decreases with the increase of the coal 
pillar’s size. The peak stress is similar to the stress of central pillar when the width is 30 m. The Fig. 4(b) shows the 
stress of central coal pillar and interface between mine and strata of coal pillar, the stress of interface between mine 
and strata increases with the increase of coal pillar’s size, while the stress of central coal pillar first increases and 
then decreases after the peak. The peak stress of coal pillar is critical exponent of stability. 

From the comprehensive analysis, we can see that the stress of interface between mine and strata is similar to the 
peak stress when the width of pillar is 30 m, which reflects the surface of coal pillar loaded with high stress. 
However, stress concentration degree decreases while the residual width of coal pillar (30m) increases. Compared 
with other two schemes, the surface and internal virgin coal are loaded with high stress when the width of coal pillar 
is 12 m. Therefore, it is unfavorable to the coal pillar stability when the filling roadway is distributed arranged. 

Fig.5(a)-(c) are plastic zone distribution maps with the width of 4m, 12m and 30m respectively. 
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Fig. 5. (a) Plastic zone distribution of 4m between coal pillars; (b) Plastic zone distribution of 12m between coal pillars; (c) Plastic zone 
distribution of 30m between coal pillars 

Fig.5 shows that, the coal pillar is in plastic state when the width of coal pillar is 4m, and the edge of sides 
remaindered coal pillar appears in plastic zone, besides, the center of them exists in elastic zone. When the width of 
coal pillar increases to 12m, the plastic zone of coal pillar expands gradually, and the coal pillar will be damaged 
seriously. 

4.2. Quantity effects of filling roadway 

Four schemes were designed to compare the stress and deformation of coal pillar with different numbers of filling 
roadway, the numbers are 1, 2, 3 and 4 respectively while the width of roadway and coal pillar are 4m, the filling 
roadway is first arranged at central coal pillar. The stress distribution graph with different numbers of filling 
roadway is shown in Fig.6. 
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Fig. 6. The Variety graph of stress in coal pillar with different filling roadways quantity 

Fig.6 shows that, the stress of middle coal pillar increases with cumulative mining width increase. The stress of 
coal pillar and peak stress have large difference between the number1 and 2, which show that the stress internal coal 
pillar increases locally. When the numbers increase to 3, the stress of internal coal pillar is similar to the peak stress, 
and the internal coal pillar is loaded with high stress. Therefore, it is favorable to the coal pillar stability when the 
filling number is 1 or 2. 

4.3. Size effect of filling roadway 
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According to above research, the main factor of influencing coal pillar’s stability is the number of filling roadway. 
In order to further study the impact of pillar’s excavation size to pillar when roadway position has been already 
determined. We designed four schemes. Width of filling roadway are 3 m, 4 m, 4.5 m and 5 m respectively. We take  
width of pillar e 4m and 30m as the example. The simulation results are shown in Fig.7. 
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Fig. 7. (a) Roadway between the coal pillars 4m; (b) Roadway between the coal pillars 30m 

Fig.7 shows that, peak stress first increase and then decrease. Peak stress in pillar increases with the increasing 
width of filling roadway with a small growth. So the change of filling roadway’s width for the coal pillar has not a 
significant effect on coal pillar. 

4.4. Effect of filling 

We take two filling roadways with the width of roadway and coal pillar all 4 m as the example to simulate. The 
degree of filling which 70 %, 80 %, 90 %, and 100% are analyzed respectively, which are the different effects under 
the conditions from filled partly to completely. 
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Fig. 8. (a) Center of pillar; (b) Stress maximum 

Fig.8 shows that the stress of middle pillar and pillar interface decrease with the increase of filling degree when 
degree of filling is 70% to 90%. The rate of pillar’s stress decreases rapidly when degree of filling is over 90%. It is 
advantageous to coal pillar stability when degree of filling reaches above 90%, but the effect is not obvious to pillar 
when the degree of filling is between 70% to 90%. 

5. Engineering application 

The research results are applied to the strip coal pillar recovery in the south wing IV area of the coal 1300 mining 
area. The layout scheme of the internal filling road of the protective coal pillar is shown in Fig.9. 
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Fig. 9. The layout of filling roadway in strip coal pillar 
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Fig. 10. Subsidence value of measuring point 

Fig.10 is the subsidence value of each measuring point, which is the measuring point of survey line 1# of the 
surface deformation in the process from the beginning of mining to the ending of the observation. After the mining 
experiment lasts about 150d, the greatest subsidence of the ground accumulation is also basically 31mm. After the 
filling of tunneling road’s of the coal pillar, the surface basically hasn’t appeared obvious deformation, and the max 
value is below 35mm. All 125 thousand tons of gangue has been treated, and 135 thousand tons of coals have been 
produced. The treatment cost of the surface gangue which is 3.125 million yuan/a has been saved, besides,the 
obvious economic returns and social benefits of the ha been obtained. 

6. Conclusions 

(1) The bearing mechanism of dual structure lies in below points: the reasonable tunneling roadway mining is in 
the relative big coal pillar. After using the solid waste filling, the former relative big coal pillar can be effectively 
replaced by the formed dual structure, which will not destroy the stability of the overlying strata during mining more 
coals in order to improve the recovery coefficient of resources and protect the stability of the surface. 

(2) As the theoretical study states, , if the sizes of the coal pillar 1 and the coal pillar 2 are relative small, then 
their stress will be stronger before the former coal pillar of the tunneling road recovery has not been filled. When the 
width of the two coal pillars expand to some extent, the effect of mitigating its bearing load is not obvious. After the 
former coal pillar of the tunneling road is filled, the mean stress of the coal pillar 1 and the coal pillar 2 trends to be 
alleviated along with the change of its width, besides, the phenomenon of stress concentration is not evident. 

(3) Through the numerical simulation research, it discovers that the distributed arrangement of the filling road is 
the most disadvantageous for the stability of the surface. When there is 1 or 2 filling roads, it is more advantageous 
for the stability of the coal pillar 1 and the coal pillar 2. The effect of the changing width of the filling road is not 
obvious towards the coal pillar 1 and the coal pillar 2. When the filling rate reaches 90%, it is more advantageous 
for the stability of the coal pillar 1 and the coal pillar 2. 
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