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Abstract: In order to understand the situation of close coal seam in Baode mining area of Hequ, it is convenient to form the surrounding rock 

control technology of roadway in close coal seam. Aiming at the inner staggered roadway under the goaf in Hebao mining area, a mechanical 

model is established, the influence of layer spacing on the inner staggered roadway is analyzed, and a short-distance coal seam classification 

method based on layer spacing is proposed. The results show that the close distance coal seams in Hebao mining area can be divided into three 

categories: 0-2m is the close distance coal seam with very small spacing, 2-6m is the close distance coal seam with small spacing, and more 

than 6m is the close distance coal seam with large spacing.
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Close-distance coal seam mining will encounter [1-4] in many mining areas, and a unified classification method of close-distance coal seam 

has not yet been formed. Chinese scholars have done a lot of work in close-distance coal seam classification [5-9]. Huang Qingxiang et al. [10] clas-

sified the short-distance coal seams into three categories, namely, extremely short-distance coal seams, single-key-layer short-distance coal 

seams and double-key-layer short-distance coal seams, according to whether the interval between layers can form a key seam in the mining 

process of the lower coal seam working face. The main coal seams in Hebao mining area are 8# upper layer, 8#, 9#, 10#, 11#, 12# and 13#, 

etc., which are close-distance coal seams with unequal spacing, and lack of mature close-distance coal seam mining classification methods 

with similar conditions that can be directly used for reference. Therefore, from the point of view of roadway support, according to the roof de-

formation and support characteristics of staggered roadway under different interlayer spacing, this paper puts forward a classification method 

of short-distance coal seams based on interlayer spacing.

1. Engineering mechanics analysis
1.1 Engineering overview

Mining 8# upper coal seam in 18205 working face of Shaping Coal Industry is arranged according to two return air roadway s and one 

air inlet roadway. Among them, 18205 auxiliary haulage is left as 18207 return air roadway, the net coal pillar between 18205 belt and aux-

iliary haulage is 20 m, the maximum buried depth of 18205 working face is 180 m, and the width of 18205 working face is 310 m. 8# on the 

coal seam thickness of 3.5 m or so. The distance between 8# upper layer and 8# lower layer is about 4 m.

The thickness of 11# coal seam in 11102 working face of Taian Coal Industry is 1.43-2.2 m, and the lower spacing of 11102 transporta-

tion gateway is 0.75-5.2 m. 12# upper coal seam thickness is 2-2.75 m, 11102 return air gateway lower spacing is 3-13 m, and 12# coal seam 

thickness is 4.2-5 m.

1.2 Mechanical model of roadway
When the roadway in the lower coal seam is arranged under the stable goaf, the force exerted by the goaf in the upper coal seam on the 

interlayer strata can be regarded as uniform load. When the roadway in the lower coal seam is staggered, the mechanical model of the road-

way in the lower coal seam can be simplified as shown in Figure 1.

By further analysis of the stress and deformation of the roof, the roof can be simplified as a simply supported beam model, with both 

ends simply supported and the upper part uniformly loaded, and the deflection in the middle part is, 
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Where, Wmax is the maximum deflection. q is uniformly distributed load. E is elastic modulus. I is the moment of inertia of the section, 
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ahI = . b is the roadway width. a is the unit length of roof. h0 is the interlayer rock thickness.
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2. Influencing factors of roadway deformation
2.1 Inner staggered roadway under goaf in Shaping coal industry

Using numerical simulation, the subsidence of roadway roof and the approach of two sides are analyzed under the conditions of differ-

ent layer spacing. Taking the staggered layout under 18205 goaf in Shaping Coal Industry as an example, the subsidence of roadway roof and 

the approach of two sides are analyzed when the interlayer spacing is 2 m, 4 m, 6 m, 8 m, 12 m and 16 m respectively. The roadway support 

method is bolt and anchor cable support, with only bolt when the interlayer spacing is 2 m, anchor cable length 4 m when 4 m, and anchor 

cable length 6 m when the interlayer spacing is more than 6 m. Fig. 2 and fig. 3 are cloud pictures of vertical displacement and horizontal dis-

placement of roadway under different interlayer spacing conditions respectively, and Table 1 is statistical table of roadway deformation under 

different interlayer spacing conditions.

(a) Layer spacing 2 m (b) Layer spacing 4 m

(c) Layer spacing 6 m (d) Layer spacing 8 m

(e) Layer spacing 12 m (f) Layer spacing 16 m

Fig. 2 Nephogram of vertical displacement of roadway in lower coal seam with different interlayer spacing

(a) Layer spacing 2 m (b) Layer spacing 4 m

Fig1. Mechanical model of lower coal seam roadway with internal dislocation arrangement
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(c) Layer spacing 6 m (d) Layer spacing 8 m

(e) Layer spacing 12 m (f) Layer spacing 16 m

Fig. 3 Nephogram of horizontal displacement of roadway in lower coal seam with different interlayer spacing

Table 1 Statistics of deformation of roadway in lower coal seam with different interlayer spacing

Layer spacing/m 2 4 6 8 12 16

Roof subsidence/mm 97 41 35 32 30 29

Displacement of two sides/mm 23 20 18 17 16 16

From Figure 2, Figure 3 and Table 1, it can be seen that in a certain range, with the gradual increase of interlayer spacing, the roof sub-

sidence of the lower coal seam roadway gradually decreases, and the reduction amplitude first increases and then decreases. The approach of 

the two sides of the roadway decreases gradually, and the deformation reaches the minimum when the interlayer spacing is 16 m. From the 

simulation results, it can be seen that the roof subsidence decreases greatly when the interlayer spacing increases from 2 m to 4 m, and the 

roof subsidence changes little when it is greater than 4 m. It can be seen that the thickness of interlayer spacing plays a key role in roof defor-

mation of staggered roadway.

2.2 Inner staggered roadway under goaf in Taian coal industry
Taking the staggered layout under the 11102 goaf of Taian Coal Industry as an example, the deformation and failure characteristics of the 

roadway roof in the lower coal seam are analyzed when the interlayer spacing is 2 m, 4 m, 6 m and 8 m respectively.

When the spacing between 11# coal seam and 12# coal seam is 2 m, 4 m, 6 m and 8 m in turn, after the excavation of 11# coal face, the 

roof deformation nephogram and plastic zone distribution map of the lower coal seam roadway are obtained, as shown in Figures 4 and 5 re-

spectively. Table 2 is the statistical table of roof subsidence of roadway in lower coal seam with different interlayer spacing.

(a) Layer spacing 2 m (b) Layer spacing 4 m

(c) Layer spacing 6 m (d) Layer spacing 8 m

Fig. 4 Nephogram of roof deformation of roadway in lower coal seam with different interlayer spacing
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(a) Layer spacing 2 m (b) Layer spacing 4 m

(c) Layer spacing 6 m (d) Layer spacing 8 m

Fig. 5 Distribution map of plastic zone of roadway roof in lower coal seam with different interlayer spacing

Table 2 Roof Subsidence of Roadway in Lower Coal Seam with Different Layer Spacing

Layer spacing/m 2 4 6 8

Roof subsidence/mm 186 131 127 125

From Figure 4 and Table 2, it can be seen that after the excavation of No.11 coal face, the roof subsidence of the roadway in the lower 

coal seam shows a decreasing trend with the gradual increase of the spacing between No.11 coal seam and No.12 coal seam within a certain 

range of interlayer spacing, reaching a maximum of 186 mm when the interlayer spacing is 2 m, and the roof subsidence decreases rapidly 

after the interlayer spacing is greater than 2 m, and with the further increase of interlayer spacing, the roof subsidence changes little.

From the analysis of Figure 5, it can be seen that after the excavation of 11# coal face, within a certain interval, with the increasing 

interval between 11# coal and 12# coal seam, the plastic zone of the roadway roof in the lower coal seam gradually decreases. When the 

interval is less than 6 m, the damage depth of the roadway roof directly penetrates into the goaf in the upper coal seam. It can be seen that 

the more the interval is, the more serious the roadway roof damage is, and the smaller the damage degree of surrounding rock in the road-

way roof is.

Like the staggered roadway under the 18205 goaf of Shaping Coal Industry, the roof subsidence of the staggered roadway under the 

11102 goaf of Taian Coal Industry is also directly related to the interlayer spacing. When the interlayer spacing is increased from 2m to 4m, 

the roof subsidence is greatly reduced, but it does not change much when it is more than 4m. The difference is that because the buried depth of 

Taian coal industry is greater than that of Shaping coal industry, its roof separation value is also greater than Shaping coal industry.

3. Close-range coal seam classification
The stress state, roof subsidence and deformation of two sides of roadway in close distance coal seam are obviously related to the in-

terlayer spacing, especially the roof support mode of inner alternated roadway is directly related to the interlayer spacing. According to the 

previous analysis, combined with the choice of roadway support methods at different layer spacing, a classification method of close-range 

coal seams based on roadway support is proposed, which divides close-range coal seams into three categories, with minimum spacing of 0-2m, 

small spacing of 2-6 m and large spacing above 6 m.

(1) When the interval between layers is 0-2 m, it is a short-distance coal seam with minimal interval. When an internal dislocation layout 

is adopted, the thickness of the roof is small, so it is impossible to construct the anchor cable, and the roof is broken after mining, so the stabil-

ity is poor, and the roadway support is mainly auxiliary support.

(2) When the layer spacing is 2-6 m, it is a short-distance coal seam with small spacing. When an internal dislocation layout is adopted, 

the roof stability is obviously improved when it is increased from 2 to 4 m. In this type, the anchor can be constructed normally, and different 

lengths of anchor cables can be selected, but the anchoring force is still difficult to ensure, and passive support methods such as scaffolding 

are still needed when the roof stability is difficult to determine.

(3) When the interlayer spacing is greater than 6 m, it is a large-spacing close-distance coal seam; Under this condition, the internal dis-

location layout is generally selected. When an internal dislocation layout is adopted, the stress under the goaf is obviously reduced, and the 
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roof stability is better when the interlayer spacing is large, and the anchor bolts and cables can be constructed normally, which can ensure the 

roof stability.

4. Conclusions
In this paper, by establishing the mechanical model and numerical simulation method of the inner alternated roadway, the influence of 

the interlayer spacing between two groups of typical short-distance coal seams in Hebao mining area on the inner alternated roadway is stud-

ied, and the classification method of short-distance coal seams based on interlayer spacing is put forward, and the conclusions are as follows:

(1) The roof subsidence of the inner alternated roadway under the goaf of Shaping Coal Industry and Taian Coal Industry is directly re-

lated to the layer spacing. When the layer spacing increases from 2 to 4 m, the roof subsidence decreases significantly. When the layer spacing 

is greater than 4 m, the roof subsidence changes little. The roof separation value of the inner alternated roadway under the goaf of Taian Coal 

Industry is greater than the roof separation value of the inner alternated roadway under the goaf of Shaping Coal Industry.

(2) The interval between layers is 0-2 m, which is the minimum interval close-range coal seam, the interval between layers is 2-6 m, 

which is the small interval close-range coal seam, and the interval between layers is more than 6m, which is the large interval close-range coal 

seam.

(3) Auxiliary support is the main support for inner alternated roadway in extremely short-distance coal seam. While constructing anchor 

cable, passive support methods such as building shed should be adopted for inner alternated roadway in small-distance coal seam. Anchor ca-

ble is the main support for inner alternated roadway in large-distance coal seam.
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