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Abstract: Setting reasonable coal pillar is a key to ensure safe mining of island coal face heading goaf in deep mine. With 

determination of reasonable width of coal pillars of non-equal width isolated working face 3201 in worked-out area in one mine 

in Shandong as the engineering background, a research was conducted on the mechanism of rock burst induced by and the 

reasonable width of coal pillars of isolated working face in worked-out area and the main conclusions are as follows: (1) the 

coal pillars of isolated working face 3201 in worked-out area changed from pillars with goaf on two sides→pillars with goaf on 

three sides→pillars with goaf on four sides, resulting in evolution of overlying strata from pre-mining static “┒-shaped” 

structure→“C-shaped” structure→“O-shaped” structure and corresponding spatial stress from “saddle-shaped” profile→

“platform-shaped” profile→“arch-shaped” profile; (2) the rock burst was induced by coal pillars, because the high stress on 

coal pillars at critical state of a rock burst was greater than their comprehensive strength and induced a rock burst due to sudden 

instability; (3) by establishing a bearing and load model of coal pillars at critical state of a rock burst and based on the 

equilibrium relation, an method for estimating reasonable width of coal pillars of isolated working face in worked-out area in 

deep mine was derived and applied to the isolated working face 3201 in worked-out area, thus comprehensively determining 

that the width of coal pillars should be 130m. The field stress monitoring verified the reasonability. The research result is of 

great significance to prevention of rock burst induced by coal pillars of isolated working face in worked-out area in deep mine. 

Key words: deep mine; isolated working face; heading goaf; coal pillars; reasonable width; rock burst 

With gradual exhaustion of easily available coal resources, the coal resources on corner coal pillars, 

protection coal pillars and isolated working faces gradually gain popularity. Where, the coal on isolated 

working faces are the key resources to be recovered. Isolated working faces, which are often of complicated 

shapes, are formed as a result of non-continuous mining due to geologic structure and mining technologies etc. 

in previous mining. Furthermore, mining is often advanced toward worked-out area. Generally, rock burst 

occurs as long as the working face is advanced toward worked-out area. For instance, on March 16, 2012, 

during excavation of transportation roadway toward worked-out area on working face 2224 at Suncun coal 

mine, the rock burst caused damage to roadway at about 30m behind; on February 28, 2009, during backward 

mining on working face 2013 in worked-out area 2105 in one mine, the rock burst caused damage to 260 

meters of roadway in the surrounding area[1]. Compared with general working faces, the isolated working faces 

in worked-out area will cause more severe rock burst[2-5]. To effectively control the disaster of rock burst 

caused by isolated working face in worked-out area, coal pillars are often reserved to separate it from the 

worked-out area. When the width of coal pillars is 3～10m[6-9], the coal pillars are able to timely yield into a 

plastic state and lose carrying capacity for overlying strata, thus achieving satisfactory prevention and control 

effect. However, in mining toward the worked-out area, since there is a great distance between the isolated 

working face and the worked-out area, crossing over “critical width” is required to form small 3~10m coal 

pillars. Currently, it’s not clear what reasonable “critical width” will prevent rock burst without wasting 

resources. In this article, with the typical deeply buried non-equal width isolated working face in worked-out 

area as the engineering background, a research on reasonable width of coal pillars was conducted through 



• 2 •                                         xxxxxxx                                   20xx年 

 

theoretical analysis and field measurement, so as to provide basis for design of width of coal pillars of isolated 

working faces in worked-out area.  

1 Project overview 

The working face 3201 in one mine in Shandong was a non-equal width isolated working face, as shown 

in Figure 1. The working face had a burial depth of about 670m and a strike length of 1644m. The width was 

140m at the narrow section and 246m at the wide section. At the narrow section, there was a thorough 

worked-out area with a total width of 610m on the north and a 188m-width wider part of worked-out area 3203 

on the south; at the wide section, there was a 88m-wide worked-out area on the north and a 88m-width narrow 

part of worked-out area 3203 on the south. The coal seam is 3.8m thick with an inclination of 1~13° and a 

unidirectional compressive strength of 20MPa, showing a strong tendency of rock burst. The drilling near the 

working face suggested the distribution of overlying strata, as shown in Table 1. The basic roof was 

30.7m-thick medium sandstone; 12.7m-thick and 14.8m-thick medium sandstone was distributed at 135.1m and 

150.7m above the coal seam; the basic bottom stratum was 9.3m-thick medium sandstone. There were no other 

thick hard stratum.  

Due to non-equal width of isolated working face 3201, mining at wide section of the working face was 

carried out toward the large worked-out area. With expansion of working face, a coal pillar was formed 

between the new and previous worked-out areas. In order to prevent rock burst due to instability of coal pillar, a 

research on reasonable width of coal pillar should be conduced to provide basis for mining design.  

 

Fig. 1 Plane of non-equal width isolated working face 3201 

Table 1 Distribution of overlying strata above coal seam as revealed by drilling nearby 

Rock stratum Thickness/m Rock stratum Thickness/m 

Top soil 472.9 Medium sandstone 1.5 

Fine sandstone 5.37 Siltstone 1.7 

Mudstone 2.97 Mudstone 5.94 

Fine sandstone 4.66 Siltstone 15.2 

Mudstone 25 Siltstone 4.5 

Medium sandstone 14.8 Medium sandstone 7.7 

Mudstone 2.9 Sandy mudstone 17.7 

Medium sandstone 12.7 Siltstone 18.6 

Siltstone 3.2 Fine sandstone 3.1 

Sandy mudstone 12 Medium sandstone 30.7 

Fine sandstone 1.7 Siltstone 1.5 

Mudstone 5.6 Upper 3rd coal  3.8 

Medium sandstone 3.2 Siltstone 6.1 

Mudstone 1.26 Medium sandstone 9.3 

2 The mechanism of rock burst induced by coal pillars of the non-equal width 

isolated working face in worked-out areas in deep mine 

As to the mechanism of rock burst, the common opinion is that it is caused by stress, that is, rock burst 

will occur as long as the stress of coal mass satisfies the critical stress conditions [10]. With regard to in-depth 
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mining, the movement of stratum, which cause change of coal mass, is far beyond adjacent strata in height and 

the boundary of the working face in width, as it is not determined by fracture and movement of one stratum but 

by structure and movement of overlying strata above the worked-out area. The rock burst caused by coal pillars 

of the non-equal width isolated working face 3201 in worked-out area was an inevitable result of accumulation 

of stress of coal mass due to transformation of strata structure.  

2.1 “┒-shaped” strata structure of coal pillar before mining 

Before the mining at non-equal width isolated working face 3201, the two sides of coal pillar to be 

reserved were worked-out areas of coal seam. Due to early formation, the movement of overlying strata had 

been stabilized. Within the worked-out areas on the two sides, the fractured overlying strata formed a “┒

-shaped” structure when viewed in planar projection, as shown in Figure 2(a). On one side of “-” structure, it 

could be approximately divided into “caving zone(I)”, “fissure zone(II)” and “static load zone” bottom up in 

vertical direction, as shown in Figure 2(b). Caving zone: the bottom-up fracture and caving of overlying strata. 

The caved strata immediately filled the worked-out area and was compressed. However, in the area near the 

coal pillar, caving was inadequate due to support by the “framework” of basic roof, thus forming a strata 

structure with bearing capacity together with the basic roof. One of this structure was on the substance coal and 

the other end on the gangue in the worked-out area. Fissure zone: Fissure zone was located above the caving 

zone and was less influenced by mining. Due to non-development or inadequate development of fissure, the 

strata would bend and separate from the upper stratum because of its own gravity and kept stable for a long 

time. In this zone, one end of the strata was located on the coal mass in the area where coal pillar would be 

reserved and the other end on the other side of the worked-out area. Static load zone: Static load zone was 

located above the fissure zone and was not influenced by mining. This zone applied static influence on coal 

mass in the area where coal pillar would be reserved. The stress generated by suspended stratum in caving zone, 

fissure zone and static load zone was superposed on the coal mass in the area where coal pillar would be 

reserved to form static bearing pressure 1, as indicated with red curve in Figure 2(b).  

On “׀” side of “┒-shaped” overlying strata structure, the east large worked-out area was adequately mined. 

The caved overlying strata was expanded to the earth’s surface and compressed layer by layer bottom-up to the 

earth’s surface. However, due to the support of basic roof, the strata between the gangue line and lock 

movement line was suspended. The load of suspended strata formed static bearing pressure on the coal mass in 

the area where coal pillar was reserved, as indicated with red curve in Figure 2(c). 

    

 (a) The plan of “┒-shaped” overlying strata structure         (b) Profile of “-” side of “┒-shaped” overlying strata load structure 
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(c) Profile of “׀” side of “┒-shaped” overlying strata load structure 

Fig. 2 Static “┒-shaped” overlying strata structure of coal pillar before mining 

2.2 Transformation of overlying structure in mining toward worked-out area 

At the non-equal width isolated working face 3201, the mining was advanced from the cutting roadway 

along the worked-out area which was 80m away from north side. With advancing of mining, the immediate 

roof kept caving and was gradually suspended. When it reached the extreme span, there was initial fracture. 

The fractured basic roof formed a “┎-shaped” structure with the overlying strata in the worked-out area 80m 

away from north side, as shown in Figure 3(a). The lateral bearing pressure (the same as the red curve 1 in 

Figure 2(b)) distributed on the “-” side of the structure acted on the foremost coal mass. The “׀” side (working 

face side) of the structure formed foremost bearing pressure, as shown in Figure 3(b). With advancing of 

mining on the working face, the basic roof was in a process of periodic fracture stage. The “┎-shaped” 

overlying strata structure developed continuously. When the single working face became square (246m away 

from the cutting roadway, 1-1 position as shown in Figure 3(a)), the height, foremost bearing pressure and 

influence range of overlying strata structure reached the maximum value during mining on the single working 

face. With continuous mining on the working face, “┎-shaped” overlying strata evolved continuously and the 

peak foremost bearing pressure and influence scope were also increased continuously. When the double 

working faces became “square” (334m away from the cutting roadway, 2-2 position as shown in Figure 3(a)), 

the height, foremost bearing pressure and influence range of “┎-shaped” overlying strata structure reached the 

maximum value during mining on the single side along the worked-out area. Then, the working face was 

further expanded. When it was expanded to 3-3 position (434m away from the cutting line) as shown in Figure 

3(a), the mining was carried out on both sides. The “┎-shaped” overlying strata structure was expanded 

continuously upward, until the bedrock was totally caved. Then, the topsoil at the depth of 472.9 also caved, 

accompanied by reduced peak foremost bearing pressure and influence range. The “┎-shaped” overlying strata 

structure and “┒-shaped” overlying strata structure were connected into one structure. If only the coal pillar 

area was taken into account, the coal pillar formed a “C-shaped” overlying strata structure (Figure 4(a)). At this 

time, the mining area was reduced at the rear working face. With variant width of reserved coal pillars and the 

influence of “O-shaped” overlying strata structure after reduction of mining area, the distribution of stress on 

the ultimate coal pillars with worked-out areas on four sides may be any of the following cases:  

     

(a) Plan of “┎-shaped” overlying strata structure                     (a) Plan of “C-shaped” overlying strata structure 
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(b) Profile of “׀” side of “┎-shaped” overlying strata structure           (b) Strike profile of  “C-shaped” overlying strata structure 

Fig. 3 “┎-shaped” overlying strata structure of coal            Fig. 4 “C-shaped” overlying strata structure of  

pillar in mining toward worked-out area               coal pillar in mining toward worked-out area 

(1) Bilateral “saddle-shaped” distribution 

If the width of reserved coal pillar is large and mining is advanced along the central exploration roadway 

after reduction of working face, since the strata structure of worked-out area in east, west and north sides is 

basically not changed due to isolation by central coal pillars during advancing of mining, the height of strata 

structure of south worked-out area is increased with advancing of mining and the formed bearing pressure is 

continuously superposed. When mining is advanced to the position as indicated in Figure 5(a), bilateral 

“saddle-shaped” bearing pressure is distributed on coal pillars with worked-our areas on four sides, as shown in 

Figure 5(b) and (c). Although the edge of these coal pillars is in plastic state, most of the central part is in 

elastic state. Therefore, the coal pillars are able to stay stable[11].  

(2) “Platform-shaped” distribution 

If the width of reserved coal pillar is relatively small, when the reduced working face is advanced to the 

position as indicated in Figure 5(a), the peak bilateral bearing pressure superimposed on the coal pillar with 

worked-out areas on four sides. The strength of coal mass in the central elastic area of coal pillar is 

homogenized under high stress, resulting in evolution of superimposed bearing pressure into “platform-shaped” 

distribution, as shown in Figure 5(d) and (c). Such coal pillars are at the critical state of rock burst due to 

overall instability[12].  

(3) Overall “arch-shaped” distribution 

If the width of reserved coal pillar is quite small, when the reduced working face is advanced to the 

position as indicated in Figure 5(a), the superimposition of peak bilateral bearing pressure on the coal pillar 

with worked areas on four sides is increased. The generated high stress constantly “corrodes” the strength of 

coal mass in the central elastic area, resulting in expansion and combination of plastic areas and the evolution 

of bearing pressure on corresponding coal pillars into overall “arch-shaped” distribution, as shown in Figure 5(f) 

and (g). Such coal pillars are extremely instable and will easily cause rock burst in case of overall instability 

due to disturbance [13].  

    

(a) Proadway of “O-shaped” overlying strata structure           (b) Distribution of “saddle-shaped” bearing pressure along the strike 
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 (c) Distribution of “saddle-shaped” bearing pressure along the inclination    (d) Distribution of “platform-shaped” bearing pressure along the strike 

     

 (c) Distribution of “platform-shaped” bearing pressure along the inclination     (f) Distribution of “arch-shaped” bearing pressure along the strike 

 

 (g) Distribution of “arch-shaped” bearing pressure along the inclination 

Fig. 5 Forms of distribution of bearing pressure of coal pillar in “O-shaped” overlying strata structure 

2.3 Mechanism of rock burst induced by coal pillars in worked-out area 

Upon foregoing analysis, the overlying strata of coal pillars of non-equal width isolated working face 3201 

in worked-out area during mining evolved from “pre-mining static “┒-shaped” structure→“C-shaped” structure

→“O-shaped” structure”. During evolution of overlying strata structure, the load of suspended stratum in 

caving zone, abscission zone and static load zone was constantly changing, resulting in evolution of stress on 

coal pillars from “inherent bearing pressure→superimposed bearing pressure on three sides→superimposed 

bearing pressure on four sides→concentrated high stress of coal pillars”. When the width of reserved coal pillar 

is small than that in critical state (the distribution of stress on coal pillars is “platform-shaped”) of rock burst, 

the high stress which acts on the coal pillars will be greater than the comprehensive compressive strength of 

coal mass on the coal pillars. As a result, the sudden instability of coal pillars will induce rock burst, which can 

be expressed with the following formula [14]:  𝑃𝑅 > 1                                 （1） 

Where: P is the high stress which acts on the coal pillars; R is the comprehensive compressive strength of coal 

mass on the coal pillars. 

3 Reasonable width of reserved coal pillars of non-equal width isolated 

working face in worked-out area in deep mine 

3.1 Analysis of comprehensive compressive strength of coal pillars in critical state of rock 

burst 
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Through analysis of evolution of overlying strata structure of coal pillar of non-equal width isolated 

working face 3201 during mining toward worked-out area, it can be learned that the coal pillars are in a critical 

state of rock burst due to overall instability when the superimposed bearing pressure on coal pillars is 

homogenized into “platform-shaped” distribution. Figure 6 is a schematic diagram of stress distribution and the 

state of corresponding coal mass in critical state of rock burst by coal pillars. It can be seen from the figure that 

plastic areas and elastic areas are formed in sequence from the edge to the in-depth area of coal pillar. The coal 

mass in the plastic area is in unidirectional or bidirectional stress state with poor bearing capacity. The in-depth 

area was elastic area. Due to being clamped by coal mass in surrounding plastic area and constrained by top and 

bottom stratum, the coal mass in elastic area is in a stress state in three directions with high strength and most 

bearing pressure is endured by the coal mass in this area. Let’s set the compressive strength coefficient of coal 

mass in elastic area as φmax and that of coal mass in elastic area as φmin. According to Wilson A.H.’s theory on 

inter-constraint between two areas, we obtain the expression of comprehensive compressive strength of coal 

mass on coal pillars: 𝑅 = �̅�𝜎𝑐 = [𝐿(𝑥3+𝑥4)+(𝐵−𝑥3−𝑥4)(𝑥1+𝑥2)𝐿𝐵 ∙ 𝜑𝑚𝑖𝑛 + (𝐿−𝑥1−𝑥2)(𝐵−𝑥3−𝑥4)𝐿𝐵 𝜑𝑚𝑎𝑥] 𝜎𝑐                （2） 

 

Fig. 6 Model of estimation of comprehensive compressive strength of coal pillar in critical state of rock burst 

Where: 𝜑 is comprehensive compressive strength coefficient of coal mass; σc is uniaxial compressive strength 

of coal mass; xi(i=1，2，3) is the width of plastic area of coal pillar without man-made influence. According to 

ultimate balance theory, the width of plastic area [16]  𝑥𝑖 = 𝑚2𝜗𝑓 ln 𝐾𝑖𝛾𝐻+𝐶 cot∅𝜗(𝑃+𝐶 cot∅) ; Ki is stress concentration 

coefficient (i=1，2，3); P is resistance of roadway sidewall; m is thickness of coal seam; C is cohesion of coal 

mass; Φ is internal frictional angle of coal mass; f is coefficient of friction between coal seam and top and 

bottom stratum; ξ is triaxial stress coefficient, ξ=(1+sinΦ)/(1-sinΦ).  

3.2 Estimation of mean stress endured by coal pillar in the critical state of rock burst 

Upon foregoing analysis, it’s learned that the superimposed bearing pressure on coal pillars in the critical 

state of rock burst is homogenized into “platform-shaped” distribution. Thus, the load of suspended overlying 

rock in the four worked-out areas as endured by coal pillars can be converted into average stress for estimation. 

According to Figure 5(d) and (e), a model of estimation of average stress endured by coal pillars in critical state 

of rock burst is established, as shown in Figure 7. It can be seen from the figure that the average stress P 

endured by coal pillars consists of three parts, namely, the average stress endured by suspended stratum in 

caving zone, abscission zone and static load zone in worked-out areas on four sides and denoted with PK, PL 

and PJ respectively. The relation between P and PK, PL and PJ is as follows: 𝑃 = 𝑃𝑘 + 𝑃𝐿 + 𝑃𝐽                                （3） 

In the following, the expressions of PK, PL and PJ are derived respectively. 

(1) Expression of PK 

According to Figure 7, the expression of average stress Pk on coal pillars generated by suspended stratum 

in caving zone is: 

Superimposed bearing 
pressure in the direction of 
inclination 

Plastic area 

L 
   B 

  

x1 

  

x
3
 

K1γH 

K
2
γH 

K
4
γH 

K
3
γH 

x
2
 

x
4
 

Elastic area 

Superimposed bearing 
pressure in the direction 
of strike 



• 2 •                                         xxxxxxx                                   20xx年 

 

𝑃𝑘 = 𝑃𝑘1 + 𝑃𝑘2 + 𝑃𝑘3 + 𝑃𝑘4                           （4） 

Where, Pk1, Pk2, Pk3 and Pk4 are the average stress on coal pillars generated by rock mass in yellow, orange, 

deep blue and green areas as indicated in Figure 7 (representing half of suspended stratum in caving zone in the 

worked-out areas on four sides). 

    Through geometric calculation, the formula of estimation of Pk1, Pk2, Pk3 and Pk4 is: 𝑃𝑘1 = [(cot𝛼+cot𝛽)𝐻1+2𝑀1]𝐻1(𝐵+𝑎)𝛾4𝐵𝐿𝑃𝑘2 = [(cot𝛼+cot𝛽)𝐻1+2𝑀2]𝐻1(𝐵+𝑎)𝛾4𝐵𝐿𝑃𝐾3 = [(cot𝛼+cot𝛽)𝐻2+2𝑀3]𝐻2𝛾4𝐵𝑃𝑘4 = [(cot𝛼+cot𝛽)𝐻3+2𝑀4]𝐻3𝛾4𝐵 }   
   

                         （5） 

Where: H1 is the height of carving zone in worked-out areas on the east and west side of coal pillar; H2 and H3 

are the height of carving zone in worked-out areas on the south and north side of coal pillar; for common 

working face, in case of inadequate mining, the height of caving zone is equal to the ratio of thickness of coal 

seam m and (K-1) [17] (K is the comprehensive bulking coefficient of caved rocks); M1, M2, M3 and M4 are the 

fracture length of basic roof in worked-our areas on the west, east, south and north sides; γ is average volume 

weight of strata; α and β are the movement angle of strata and gangue angel of caved strata; B is length of coal 

pillar along the slope line; L is length of coal pillar along the intersection line; a is the total width of track 

roadway and coal pillar in corresponding section.  

(2) Expression of PL 

According to Figure 7, the expression of average stress PL on coal pillars generated by suspended stratum 

in caving zone is: 𝑃𝐿 = 𝑃𝐿1 + 𝑃𝐿2                                  （6） 

Where, PL1 and PL2 are the average stress on coal pillars generated by rock mass in red and blue areas as 

indicated in Figure 7 (representing half of suspended stratum in caving zone in the worked-out areas on south 

and north sides). 

The formula of estimation of PL1 and PL2 is: 𝑃𝐿1 = [(ℎ2+2𝐻2) cot𝛼+𝐿1]ℎ2𝛾2𝐵𝑃𝐿2 = [(ℎ1+2𝐻3) cot𝛼+𝐿2]ℎ1𝛾2𝐵 }                              （7） 

Where: h1 and h2 are the thickness of abscission zone in worked-out areas on north and south sides of coal pillar; 

L2 and L1 are the length of corresponding worked-out areas along the slope line. According to the research of 

X.Luo [18], before adequate mining of strata, if the maximum fracture height of overlying strata on the working 

face is about 1/2 of the width of short side of worked-out areas, then h1=L2/2-H3 and h2=L1/2-H2. 

(3) Expression of PJ 

According to Figure 7, the expression of average stress PJ on coal pillars generated by suspended stratum 

(In Figure 7, the rock mass in purple area consists of half of suspended rock from the abscission zone to the 

earth’s surface in the worked-out areas on four sides and the suspended rocks from the top of coal pillar to the 

earth’s surface) in static load zone is: 

𝑃𝐽 = {(𝐿 − 2𝐻1 cot 𝛼)[𝐵 + 𝑎 − (ℎ1 + ℎ2 + 𝐻2 + 𝐻3) cot 𝛼]𝐻1𝛾 + 𝐻12𝛾(𝐵 + 𝑎) cot 𝛼 + (ℎ1+𝐻3)2𝛾 𝐿cot 𝛼2+ (ℎ2+𝐻2)2𝛾 𝐿cot𝛼2 + (𝐻1−ℎ1−𝐻3)𝐿𝛾[𝐿2+2(ℎ1+𝐻3) cot𝛼]2 + (𝐻1−ℎ2−𝐻2)𝐿𝛾[𝐿1+2(ℎ2+𝐻2) cot 𝛼]2 } 𝐵𝐿  ⁄ （8） 
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(a) Model of estimation of bearing stress along the strike               (b) Model of estimation of bearing stress along the inclination 

Fig.7 Model of estimation of average bearing stress of cal pillar in critical state of rock burst 

3.3 Determination of reasonable width of coal pillar 

Based on the geological data and mining technical conditions of non-equal width isolated working face 

3201, relevant parameters were obtained and substituted into foregoing formula for calculating reasonable 

width of coal pillars of isolated working face in mining toward worked-out area.  

(1) Estimation of height of caving zone in worked-out area surrounded coal pillar 

It can be learned from Figure 7(a) that there is adequate mining in the worked-out area on the east and 

west sides of coal pillar of the non-equal width isolated working face 3201 and the caving zone is expanded to 

the earth’s surface. Therefore, H1≈670m. It can be learned from Figure 7(b) that due to variance of width of 

worked-out area on south and north side of coal pillar and the influence by the basic roof of 30.7m medium 

sandstone, the comprehensive bulking coefficient K of rocks in caving zone in worked-out area on both sides is 

different. Let’s set the value of K as 1.05 and 1.14 respectively and thickness of coal seam m=3.8m. Then, the 

caving height H2 and H3 of overlying rock in worked-out area on south and north sides are 

H2≈3.8/(1.05-1)≈76m and H3≈3.8/(1.14-1)≈27m respectively. 

(2) Estimation of thickness of abscission zone in worked-out area surrounded coal pillar 

It can be learned from Figure 7 that abscission zone only exists above the worked-out areas on south and 

north side of the non-equal width isolated working face 3201. Therefore, the thickness of abscission zone in the 

worked-out area on the two sides is calculated. The length of short side of worked-out area on south and north 

sides of coal pillar is 242m and 88m respectively. The fracture height of overlying strata in worked-out area on 

both sides is 121m and 44m respectively (the fracture height of overlying strata in worked-out area is half of 

the width of short side of worked-out area). Upon estimation, the height of caving zone in worked-out area on 

both sides is 76m and 27m respectively. Therefore, the thickness of abscission zone is h2=121-76=45m and 

h1=44-27=17m respectively.  

(3) Other relevant parameters 

The movement angle of strata α≈81˚; the gangue angel of caved strataβ≈65˚; the fracture length M2, M3, 

M1 and M4 of basic roof in worked-out area on east, south, west and north sides are 50m, 45m, 50m and 41m 

respectively; the average volume weight γ of strata is 21KN/m3; the length of coal pillar along slope line is 

B=101.3m (the vertical distance between exploration roadway and track roadway); the total width of track 

roadway and coal pillar in corresponding section a=8.4m; compressive strength coefficient of coal mass in 

elastic area φmax is set to 5 and that of coal mass in elastic area φmin to 1.1; the width of elastic area x2, x3 and 

x4 is 18m (Formed through manual large-diameter pressure relief drilling; drilling parameters: hole depth 18m, 

row pitch 1m; diameter 110mm); foremost plastic area x1  of working face is set to 10m; uniaxial compressive 

strength σc  of coal mass to 20MPa. 

By substituting foregoing relevant parameters into formula (3) ~ (8) and formula (2), the functional 

expression of P and R about L is obtained. Then, they are substituted into formula (1) and with the ultimate 

state is taken, an equation of higher degree about L is obtained. By solving the equation, the reasonable width 

of coal pillar of non-equal width isolated working face 3201 in worked-out area is obtained. In order to obtain 
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the law of changes of width of coal pillar with P and R, the range of width of coal pillar is set to [80,170]. The 

data within the range is rounded with an increment of 1m. Then, by substituting the obtained values into the 

function of P and R, the curve of comprehensive compressive strength of coal pillars with different width and 

the endured average stress is obtained, as shown in Figure 8. It can be seen from the figure that when the width 

of coal pillar is smaller than 125m, the average stress endured is greater than the comprehensive compressive 

strength and there is risk that coal pillar will suffer overall instability and cause rock burst; on the contrast, if 

the comprehensive compressive strength of coal pillar is greater than the average stress endured, the coal pillar 

is relatively safe. Therefore, theoretically, the reasonable width of coal pillars of non-equal width isolated 

working face 3201 in worked-out area is determined at 125m. Nonetheless, considering the influence of 

disturbance and abnormality of roof during mining, the width of reserved coal pillars is finally determined to be 

130m.  

 

Fig. 8 Curve of comprehensive strength and average bearing stress of coal pillars with different width 

4 Engineering verification 

To verify whether it is reasonable set the width of reserved coal pillars of non-equal width isolated 

working face 3201 in worked-out area at 130m, field test was conducted by arranging stress testing points 

inside the coal pillars. There were two test points with a burial depth of 8m and 14m respectively (see Figure 1). 

Figure 9 shows the curve of stress of coal pillars with different width at test points during mining at the 

working face. It can be seen from the figure that when the width of coal pillar is 672m~336m, the curve of 

stress is stable at the test points of 8m and 14m, indicating that the comprehensive compressive strength of coal 

pillar is strong and able to endure the applied stress. When the width of coal pillar is 336m, the stress at the test 

point of 14m starts to raise while that at the test point of 8m remains stable (in plastic area). With gradual 

reduction of width of coal pillar, the stress at the test point of 14m gradually increases more significantly; when 

the width of coal pillar is about 165m, the stress at the test point of 14m reached 10MPa and yellow alarm is 

triggered while the stress at the test point of 8m also raises (the coal mass in the plastic area is compressed due 

to high stress and resumed bearing capacity). Then, the width of coal pillar is maintained at 130m and the stress 

at the test point of 14m continued to raise and constantly remained at a high level after red alarm is triggered. 

Nonetheless, no rock burst occurs to coal pillars. The foregoing dynamic monitoring of stress on the field 

verified that it is reasonable to set the width of reserved coal pillar of non-equal width isolated working face 

3201 in worked-out area at 130m.  
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Fig. 9 Curve of stress at monitoring point of coal pillars with different width 

5 Conclusion 
(1) Due to irregular shapes of non-equal width isolated working face and complicated distribution of its 

surrounding worked-out areas in deep mine, the coal pillar in worked-out area changes from pillars with goaf 

on two sides→pillars with goaf on three sides→pillars with goaf on four sides and corresponding overlying 

strata evolves from pre-mining static “┒-shaped” structure→“C-shaped” structure→“O-shaped” structure.  

(2) The variation of width of reserved coal pillar of non-equal width isolated working face in worked-out 

area results in three different distribution of spatial stress: “saddle-shaped” distribution, “platform-shaped” 

distribution and “arch-shaped” distribution. Where, “platform-shaped” distribution is at the critical state of rock 

burst. At this time, if the stress on the coal pillar is greater then its comprehensive strength, the sudden 

instability will induce a rock burst.  

(3) By establishing a bearing and load model of coal pillars at critical state of a rock burst and based on the 

equilibrium relation, an method for estimating reasonable width of coal pillars of isolated working face in 

worked-out area in deep mine is derived and verified through field practice.  

(4) As often as not, the geological and mining conditions of isolated working face in deep mine are 

complicated, resulting in constant changes of bearing capacity and load of coal pillars in the critical state of 

rock burst which are difficult to be quantified. In this article, the method as proposed based on the spatial 

structure of overlying strata for estimation of reasonable width of coal pillars of isolated working face in 

worked-out area is preliminary and subject to further optimization in engineering practice.  
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Figures

Figure 1

Plane of non-equal width isolated working face 3201



Figure 2

Static “-shaped” overlying strata structure of coal pillar before mining



Figure 3

“-shaped” overlying strata structure of coal pillar in mining toward worked-out area



Figure 4

Fig. 4 “C-shaped” overlying strata structure of coal pillar in mining toward worked-out area



Figure 5

Forms of distribution of bearing pressure of coal pillar in “O-shaped” overlying strata structure



Figure 6

Please see the Manuscript PDF �le for the complete �gure caption

Figure 7

Model of estimation of average bearing stress of cal pillar in critical state of rock burst



Figure 8

Curve of comprehensive strength and average bearing stress of coal pillars with different width



Figure 9

Curve of stress at monitoring point of coal pillars with different width


