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China’s coal mines are mainly underground mines, and a large number of roadways have to be excavated underground. It is of great significance for coal mine production to adopt safe and reasonable roadway support methods. In the process of roadway excavation, the rock stratum is inclined and the roadway pass through the layer. Since the surrounding rock conditions of the roadway passing through the layer are more complicated, it is easy to cause deformation of surrounding rock, failure and floor heave, which makes the support work difficult. In order to solve this problem, the mechanical properties of roadway surrounding rock were tested and the failure of roadway surrounding rock was analyzed using the +260 horizontal centralized transportation roadway in Changcheng No.2 mine. The surrounding rock of the roadway was divided into 8 regions, and the stress analysis of the surrounding rock in different regions was carried out. It is found that the left shoulder pit, the right side and the floor of the roadway are prone to damage. The influence of the lateral pressure coefficient, the rock dip angle and the lithology on the failure of the roadway surrounding rock was analyzed by Mohr-Coulomb failure criterion, and the specific failure range of the roadway surrounding rock was obtained. The support optimization design of the roadway was carried out, and the weak area of the surrounding rock was reinforced. The deformation monitoring of roadway surrounding rock after support optimization was carried out. The field monitoring results show that after the optimized support, the displacement of the roof and floor of the roadway section and the two sides are reduced by 43.6% and 40.8% respectively compared with the original scheme, and the deformation of the surrounding rock also shows a trend of gradual stability, and the surrounding rock of the roadway is effectively controlled. The research can provide a new way for the stress and failure analysis of the surrounding rock of the inclined rock roadway.
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1 INTRODUCTION
Coal resources play an important role in ensuring China’s energy security and economic development. The safety and reasonable support of roadways in underground coal mining is the premise to ensure the normal mining of coal (Feng, 1990; Bai and Hou, 2006; Kang et al., 2010; Zhao et al., 2020). In the actual roadway excavation process, if the roadway passes through multi-layer rock strata and the surrounding rock is inclined, the support of the roadway will become a major problem (Sun et al., 2020). A scientific analysis of the stress and damage range of the roadway and the support scheme can greatly improve the safety of underground mining.
Many scholars have studied the problem of inclined rock roadway: Wang M et al. (Wang et al., 2015a) assume that the asymmetric deformation of roadway is caused by different rock types and uneven stress distribution. Ivan Sakhno et al. (Sakhno and Sakhno, 2023) found that the plastic deformation of mudstone causes significant floor heave by studying the stress and strain distribution of surrounding rock. Gao L et al. (Gao et al., 2022) proposed that the plastic zone of the surrounding rock of inclined rock roadway expands with the increase of rock dip angle. Li G et al. (Li et al., 2023) proposed that in-situ stress and structural plane control the damage evolution model of surrounding rock by combining field investigation, theoretical analysis, similar model test, and numerical simulation. Wang X et al. (Wang et al., 2015b) proposed that the weak plane plays a role in the instability of deep inclined rock roadways. The key to maintaining the stability of a roadway is to control the shear deformation between the weak planes and the continuous deformation of soft rock area in the post-peak bearing stage after the instability of the weak plane in the surrounding rock. Xiong X et al. (Xiong et al., 2023) analyzed the deformation and failure law of roadway in an inclined coal seam according to the complex variable function theory, and put forward that the two sides of roadway, the lower side of the roof and the upper angle of lower side are the key parts of the stress concentration and deformation of the roadway. Wu G et al. (Wu et al., 2020) proposed that the maximum deformation of an inclined rock roadway occurs in the upper left and lower right of the roadway surface by numerical simulation. Tao Z et al. (Tao et al., 2018) found through physical and numerical simulation that the roof and floor of the inclined rock roadway were destroyed on the left side, and the left and right walls near the bottom were destroyed. Ma Q et al. (Ma et al., 2022) divided the surrounding rock of an inclined rock roadway into different regions and put forward surrounding rock control schemes such as grouting reinforcement, strengthening support, and pressure relief grouting for different regions. Shan R et al. (Shan et al., 2023) proposed a C-shaped tube anchor cable asymmetric support scheme for the complex asymmetric deformation characteristics of an inclined coal seam roadway and the tensile shear failure of anchor cable support. Liu P et al. (Liu et al., 2022) studied the deformation characteristics and control technology of the surrounding rock of a roadway along goaf in inclined strata and put forward the support method of anchor cable.
Many studies have also been carried out on the problem of roadway crossing: Han C et al. (Han et al., 2023) proposed that the rock mass at different depths of the roof layer showed different degrees of stress unloading, resulting in discontinuous deformation of the rock mass. Jing W et al. (Jing et al., 2022) proposed that the basic mechanical properties of the surrounding rock and the change of the in-situ stress field strength determine the number of actual deformation zones of the roadway surrounding rock and the boundary stress values of each zone. Wang J et al. (Wang et al., 2014) proposed that the cross-section of the cross-layer roadway and the inclined angle of the rock layer show the characteristics of the key parts that are destroyed first. Yu H et al. (Fan et al., 2023) proposed that tectonic stress has an important influence on the stress secondary distribution, deformation, and failure of the cross-layer roadway. Zhao Z et al. (Yu et al., 2023) conducted an in-depth analysis of the load distribution of layered roof bolts under different lithology combinations, and the results showed that cross-layer bolts were prone to tension-bending combined deformation near the bedding plane. Wang L et al. (Zhao et al., 2018) established the stability analysis model of the cross-layer roadway, determined the stability grade of the cross-layer roadway under different working conditions, and proposed the partition combined support scheme of the cross-layer roadway. Xie Z et al. (Wang et al., 2019) studied the failure mode and instability mechanism of surrounding rock of different cross-layer roadways by combining field tests and numerical simulation and proposed a support scheme of ‘fast thick layer end anchoring + full-length lagging grouting anchoring + secondary continuous reinforcement.
The above methods of numerical simulation, field observation, and theoretical analysis are used to summarize and study the causes and deformation laws of asymmetric deformation of inclined rock roadways and cross-layer roadways, and the methods of strengthening support are put forward. However, there are few studies on the stress and failure mechanism of surrounding rock in inclined strata. In this paper, through the combination of theoretical analysis and field practice, the control problem of surrounding rock of inclined strata crossing the roadway in a kilometer-deep well is studied. The failure of the surrounding rock of the roadway is analyzed. The surrounding rock of the roadway is divided into regions, and the stress analysis of the surrounding rock in different regions is carried out. The Mohr-Coulomb failure criterion is used to analyze the influencing factors of surrounding rock failure of roadways. The failure range of the surrounding rock of roadway is obtained, and the weak area of surrounding rock is strengthened. This paper breaks the tradition of designing support methods by experience in the past and provides a new method for the stress, failure analysis, and support optimization of the surrounding rock of the inclined rock tunnel.
2 GENERAL SITUATION OF ROADWAY ENGINEERING
2.1 Basic overview of the roadway
The second mine is located on the east bank of the Yellow River, north of the ancient Great Wall, at the junction of the Inner Mongolia Autonomous Region and the Ningxia Hui Autonomous Region, the mine design scale is 4 million tons/year. The mine adopts multi-level development, in which the +260 horizontal centralized transportation roadway is a cross-layer roadway. The designed length of the roadway is 2,600 m, and the buried depth is nearly one thousand meters. The surrounding rock of the roadway is inclined about 30° to the left, and the opening point of the roadway is located in the sandy mudstone of the 7-coal roof. During the excavation, the 7-coal roof is penetrated to the 5-coal roof, and then the 5-coal roof to the 7-coal floor. Due to the poor surrounding rock conditions of the roadway, the damage to some sections during the excavation of the roadway is shown in Figure 1.
[image: Figure 1]FIGURE 1 | Roadway site damage. (A) Side deformation (B) Shoulder damage (C) Floor heave.
The rock samples were obtained at a distance of 400 m from the opening point of the roadway in the + 260 m horizontal cross-layer of the roadway. According to the ISRM specification, the rock block is made into a standard rock sample (Xie et al., 2023). Table 1 shows the compressive strength, tensile strength, cohesion, internal friction angle, softening coefficient, and density of the rock samples tested in the laboratory.
TABLE 1 | Experimental results of physical and mechanical properties of coal rock.
[image: Table 1]2.2 Roadway support scheme
The original support of the main roadway adopts spray anchor (cable) spray and anchor (rod) net spray. The primary support anchor cable is made of steel strand with 1 × 7 structure, the specification is Φ21.6 mm × L6300 mm, and the row spacing is 1,200 × 1,200 mm. The secondary support bolt adopts MSGLD-600 (X), with equal strength screw steel type resin bolt (Φ22 mm × L2400 mm), and the row spacing is 1,200 mm × 1,200 mm. The anchor net is made of Φ6.0 mm steel mesh, and the grid is 100 × 100 mm. The specific arrangement of the supports is shown in Figure 2.
[image: Figure 2]FIGURE 2 | Roadway support scheme.
2.3 Analysis of roadway damage
Due to the long roadway, the geological data of different boreholes have been used, and the occurrence of roadway surrounding rock is shown in Figure 3.
[image: Figure 3]FIGURE 3 | Occurrence of roadway surrounding rock.
It can be seen from Figure 3 that from the opening of the + 260 horizontal roadway to the 1,000 m of the roadway, the rock strata change slowly, and the roof and floor have relatively hard rock strata. The support pressure is relatively low. From 1,000 m to 2,250 m, the ups and downs of the rock strata are constantly changing. The 5-coal and 7-coal are all crossed to the side of the roadway, and the lithology of the roof and floor is also constantly changing. The support pressure is large. From 2,250 m to 2,600 m, the change of rock strata tends to be stable, but the entire roadway consists of sandy mudstone. The strength of the surrounding rock is weak, and it is easy to soften in water. The surrounding rock condition is poor, which is one of the serious damage areas of the roadway and the support pressure is large.
3 ANALYSIS OF FAILURE RANGE OF SURROUNDING ROCK IN ROADWAY
3.1 Analysis of secondary stress state of surrounding rock
Before the excavation of the roadway, the rock mass is in an elastic equilibrium state under the initial stress. After excavation, due to the removal of part of the rock, the surrounding rock mass of the roadway lost its original support force and displacement constraints, which in turn cause a tendency to move inward. The displacement of the surrounding rock mass of the roadway caused the displacement of the deep rock mass, which continued to a certain depth. Simultaneously with the displacement, the stress of the rock mass is readjusted inward from the surface to maintain mechanical balance (Fairhurst and Hudson, 1999; Aydan, 2019).
When the burial depth is large, the variation of vertical ground stress in the influence range of roadway excavation is smaller than that of the original rock stress, and the linear increase of vertical stress can be ignored. The vertical stress at the buried depth of the roadway is approximately the upper and lower boundary load. When the lateral pressure coefficient is constant, the horizontal stress is also evenly distributed. Therefore, the mechanical model is further defined as the opening problem of an infinite plate subjected to two-way pressure. As shown in Figure 4, when the lateral pressure coefficient is 1, the problem can be simplified to an axisymmetric thick-walled cylinder model.
[image: Figure 4]FIGURE 4 | Stress state of surrounding rock in circular roadway.
A circular roadway of radius a is excavated at a depth of H from the surface, and H >> a. This problem can be viewed as a stress distribution problem of an infinite plate orifice under bidirectional compression. The analysis was first solved by the German engineer G. Kirsch in 1898. Take the unit A (r, θ) (θ is the angle between OA and the horizontal axis) at r from the center of the circular roadway, and the stress at point A is shown in Formula 1 (Elasticity, 2014).
[image: image]
In the formula: σr——normal stress, σθ——tangential stress, λ——side pressure coefficient, p——original rock stress.
3.2 Stress partition of surrounding rock
Under the stress of plateau rock in deep inclined roadways, the influence of the dip angle of roadway surrounding rock on the deformation and failure of roadway surrounding rock is obviously increased compared with that of shallow buried roadway. The traditional horizontal or horizontal roadway generally divides the surrounding rock of the roadway into four areas, which are the roof, two sides, and floor of the roadway (Mumtaz, 2017). However, due to the existence of the dip angle of the surrounding rock of the roadway, the inclined rock roadway needs a more detailed regional division. According to the relationship between the layered surrounding rock of the roadway and the position of the roadway and the deformation difference of the surrounding rock of the roadway, the surrounding rock of the roadway is divided into different regions, as shown in Figure 5.
[image: Figure 5]FIGURE 5 | The stress division of surrounding rock of roadway.
It can be seen from Figure 5 that due to the excavation of the roadway, the integrity of the rock strata is damaged, which also affects the stress characteristics of the rock mass in the area. The surrounding rock is divided into eight areas, of which the integrity of the rock strata in the III and VII areas is not damaged. The roadway roof is divided into three partitions due to the different stress conditions and deformation mechanisms, which are I, II, and IV areas.
Due to the excavation of the roadway, the normal stress on the roadway surface rotates parallel to the roadway surface. When the dip angle of the inclined surrounding rock is θ, the stress in the surrounding rock of roadway surface appears as a tangential force σθ and as a normal force σr. On the surface of the roadway, the normal stress is zero, only the tangential stress. The tangential stress is different at different positions on the surface of the roadway and the dip angle of the rock strata. The normal principal stress gradually increases in the surrounding rock of the roadway.
The stress diagram of each partition of the roadway is shown in Figure 6.
[image: Figure 6]FIGURE 6 | The stress diagram of each partition of roadway. (A) I (B) II (C) IV (D) V (E) VI (F) VIII.
From Figure 6, it can be seen that the stress in the rock mass can be decomposed into the force in the bedding direction and the force perpendicular to the direction of the rock layer, where x′ is the inclination direction of the rock layer, and y′ is the normal direction of the rock layer. Without considering the influence of gravity, the stress expressions of the surrounding rock in each area are as follows:
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In the formula: θ is the dip angle of the rock strata, α is the angle between the tangent of the roadway surface and the inclination of the rock strata, where the positive value indicates that the direction of the force points to the inside of the roadway surrounding rock, and the negative value indicates that it points to the outside of the roadway.
From the above analysis, it can be seen that due to the inclination of the rock stratum, the stress of the roadway is not uniform. The component force of the rock strata at the left shoulder fossa points vertically to the roadway, and the pressure is large. The component force acts on the exposed rock mass, and in the process of roadway crossing, the thickness of the surrounding rock on the left side becomes thinner and thinner, which makes it easy to cause damage. At the floor of the roadway, when the rock force is transmitted downward, it is easy to squeeze each other and form a floor heave phenomenon.
3.3 Influencing factors of damage range
The Mohr-Coulomb yield criterion is a yield theory that considers the maximum shear stress or single shear stress under normal stress. It can be used to analyze the influence of one or several parameters on mining pressure behavior and roadway surrounding rock deformation, and the effect is clear and intuitive (Duncan Fama and Pender, 1980). The roadway section is simplified as a circle, and the Mohr-Coulomb failure criterion is used to check the failure of the rock surrounding the roadway surface in different regions according to the different influencing factors (lateral pressure coefficient, rock dip angle, lithology).
[image: image]
The condition of roadway surrounding rock failure is
[image: image]
Based on the Mohr-Coulomb failure criterion, the influence of the lateral pressure coefficient, the rock dip angle and the lithology on the failure range of the roadway is analyzed.
3.3.1 Influence of the lateral pressure coefficient on the damage range
When the dip angle α = 30°, the failure area of the roadway surface when the lateral pressure coefficient is equal to 1,1.2,1.4,1.6 is analyzed by Formula 15, as shown in Figure 7.
[image: Figure 7]FIGURE 7 | The damage range of the surface roadway with different lateral pressure coefficients. (A) λ = 1.0 (B) λ = 1.2 (C) λ = 1.4 (D) λ = 1.6.
The lateral pressure coefficient is a physical quantity used to describe the state of ground stress. It can be seen from the results of Figure 7 that the surface failure area of the roadway is on the left side of the roof, the right side of the floor and the lower part of the upper side, the failure range of surrounding rock shows the shape of ‘8'. The larger the lateral pressure coefficient is, the more obvious the shape of ‘8’ is. When λ= 1,1.2,1.4 and 1.6, the failure range reaches 96°, 96°, 98° and 98° respectively. The maximum failure position is on the left side of the roof. Combined with the existing research results, it can be seen that when the lateral pressure coefficient increases, the shear stress of the surrounding rock of the roadway increases significantly, the degree of roadway failure will increase, and the overall failure range of the roadway increases slightly (Xu et al., 2008; Shafiq and Subhash, 2016; Yin et al., 2019; Yin et al., 2021; Yin et al., 2022).
3.3.2 Influence of the dip angle on damage range
When the value of lateral pressure coefficient is 1, the failure area of the roadway surface is analyzed by Formula 5 when the dip angle of the roadway rock stratum is 0°, 15°, 30°, 45°, 60° and 75°, as shown in Figure 8.
[image: Figure 8]FIGURE 8 | The surface failure range of roadway with different rock dip angles. (A) dip angel is 0° (B) dip angel is 15° (C) dip angel is 30° (D) dip angel is 45° (E) dip angel is 60° (F) dip angel is 75°.
The dip angle of the surrounding rock mainly affects the failure position of the roadway. The stress and deformation of the surrounding rock of the roadway in steeply dipping coal and rock strata are asymmetric. When the dip angle increases, the failure position of the roadway surrounding rock changes, and the failure range of the roadway does not change. When the dip angle of rock stratum changes to 0°, 15°, 30°, 45°, 60° and 75°, the maximum failure positions of roof are 90°, 105°, 120°, 135°, 150° and 165° respectively. The maximum failure position is parallel to the tangent of the roadway roof to the tendency of the rock strata, and the degree of failure does not change. With the increase of the dip angle of the rock strata, the bending deformation of the rock strata gradually changes to the bedding slip deformation. In addition, due to the large inclination angle of the coal rock bedding surface, the vertical load, and the self-weight of the rock mass are unfavorable to the stability of the bedding surface, it is easy to appear coal seam failure and deformation outburst phenomenon. The circular section can reduce the stress concentration of the roadway roof and the two sides, rationalize the stress distribution of the surrounding rock, and improve the overall support effect of the roadway. The roof stress distribution of the semi-circular arch roadway is relatively uniform, but the control effect on the two sides is not obvious (Jia et al., 2011; Jing et al., 2013).
3.3.3 Influence of the lithology on damage range
When the lateral pressure coefficient is 1 and the dip angle of the rock strata is 30°, the failure area of the roadway surface under different lithology is analyzed by Formula 15, as shown in Figure 9.
[image: Figure 9]FIGURE 9 | Roadway surface damage area in different lithology. (A) coal (B) sandstone (C) mudstone.
The lithology mainly affects the strength of the surrounding rock. When the strength of the surrounding rock increases, the damage range decreases and the damage degree decrease as well.
4 OPTIMIZATION OF ROADWAY SUPPORT SCHEME
4.1 Analysis of roadway damage range
The actual exposure analysis of the on-site roadway shows the rock strata are inclined to the left by nearly 30°. The nearest distance between the 5-coal and the roof of the roadway is less than 2m, as shown in Figure 10.
[image: Figure 10]FIGURE 10 | Roadway section.
The failure area of the roadway surface can be obtained from the test results of the mechanical properties of the surrounding rock of the roadway and Formula (15), as shown in Figure 11.
[image: Figure 11]FIGURE 11 | Damage range of roadway.
It can be seen from Fig.11 that the failure area of the + 260 horizontal concentrated roadway in the Great Wall No.2 Mine is mainly on the left side of the roof (near the lower side), the right side (upper side) and the right side of the floor (near the upper side), which is basically consistent with the field situation.
4.2 Supporting optimization
Through the actual situation of the roadway on-site and the above analysis, it can be obtained that the support should be strengthened in the weak area of the roadway, and the row spacing between the bolts (cables) should be reduced. At the same time, considering that the distance between the left shoulder fossa of the roadway and the 5 coal is relatively close, the length of the anchor cable should be lengthened to make it anchored in the hard rock layer. The specific support scheme is as follows:
The primary support of the roadway adopts Φ21.8 mm × L6300 mm anchor cable support, the row spacing is 1,200 × 1,200 mm, and the row spacing at the left shoulder fossa is 900 × 1,200 mm. The bolt adopts MSGLD-600 (X) equal strength screw steel type resin bolt (Φ22 mm × L2400 mm). The row spacing is 1,000 × 1,200 mm. The anchor net adopts φ6.0 mm warp and weft steel mesh, and the mesh size is 100 × 100 mm.
The secondary support bolt of the roadway adopts MSGLD-600 (X) and other strong thread steel resin bolt (Φ22mm × L2400 mm), the right shoulder socket is 1,200 × 1200mm, and the two sides are 1,000 × 1200 mm. The left shoulder fossa is supported by Φ21.8 × 8300 mm anchor cable, and the row spacing is 900 × 1200 mm. The bottom angle is supported by 2 bolts. The mesh adopts φ6.0 mm warp and weft steel mesh, and the mesh size is 100 × 100 mm. The specific arrangement is shown in Figure 12.
[image: Figure 12]FIGURE 12 | Roadway support optimization design.
5 ANALYSIS OF MEASURED RESULTS OF SURROUNDING ROCK DEFORMATION IN THE MAIN ROADWAY
5.1 Monitoring scheme
The monitoring equipment for the layout of the cross-layer roadway is mainly to observe the data of the mine pressure and the deformation of the surrounding rock during the excavation period and the mining period of the working face. The monitoring points are mainly set up along the 800 m excavation in front of the roadway, and 17 monitoring stations are set up in the roadway. The 1 # station is 20 m away from the initial excavation position of the roadway, and the distance between the stations is 50 m. The length of each station is 10 m, and the monitoring equipment is arranged in a range of 10 m for observation. The arrangement is shown in Figure 13 (Fan et al., 2021; Tian et al., 2022). Multi-point displacement sensors are used within the measuring station to monitor the deformation of the surrounding rock of the tunnel.
[image: Figure 13]FIGURE 13 | Layout of roadway monitoring equipment.
5.2 Monitoring results and analysis
Based on the comprehensive analysis of the observation data of the bed separation instrument and the surrounding rock station, the deformation characteristics of the roof and floor of the surrounding rock and the two sides of the + 260 main roadway under the condition of surrounding rock stress can be obtained. The deformation characteristics of the roof and floor of the surrounding rock and the two sides of the roadway are shown in Figures 14, 15.
[image: Figure 14]FIGURE 14 | The displacement comparison curve of the two sides of the original scheme and the optimization scheme.
[image: Figure 15]FIGURE 15 | The comparison curve of the displacement of the roof and floor of the original scheme and the optimization scheme.
From Figures 14, 15, it can be seen that the displacement of the two sides is reduced after the optimization of the support scheme. The maximum displacement of the 2 months decreased from 45 mm to 31 mm of the original scheme to 26mm and 19 mm respectively, and the displacement of the two sides decreased by 40%. At the same time, it can be seen from the deformation curve that the deformation of the original scheme does not show a gentle and stable trend, while the deformation of the surrounding rock of the optimized support scheme shows a gradually stable trend. After optimizing the support scheme, the deformation of the roof and floor is reduced. The maximum floor heave and maximum roof subsidence in 2 months decreased from 75 mm to 26 mm of the original scheme to 41 mm and 16mm, respectively. The amount of roof and floor movement decreased by 43.6%. At the same time, it can be seen from the deformation curve that the floor heave speed of the original scheme is still increasing, while the floor heave and roof subsidence of the new scheme are gradually stable.
The field observation shows that the asymmetric support of the roof and the anchor cable reinforcement of the two sides and the bottom angle can adapt to the deep high-stress environment and effectively reduce the deformation of the surrounding rock of the roadway.
6 CONCLUSION
In this paper, the method of theoretical analysis and field practice is used to analyze the stress state and failure range of surrounding rock of inclined strata crossing roadway with the background of + 260 horizontal centralized transportation roadway in Great Wall No. 2 Coal Mine, and the support optimization design is carried out. The specific conclusions are as follows:
(1) In the left shoulder fossa, the rock force of the roadway is perpendicular to the roadway, the pressure is large, and the force is applied to the exposed rock block. In the process of roadway crossing, the thickness of the surrounding rock on the left side becomes thinner and thinner, which is easy to cause damage.
(2) When the lateral pressure coefficient increases, the shear stress on the surrounding rock of the tunnel significantly increases, the degree of tunnel damage increases, and the range of damage increases; When the inclination angle of the rock layer changes, the location of the surrounding rock damage in the tunnel changes, and the range of damage remains unchanged. The maximum damage location is at the position where the tangent line of the tunnel roof is parallel to the inclination of the rock layer; When the strength of the surrounding rock increases, the deformation resistance of the roadway increases, the range of damage decreases, and the degree of damage decreases.
(3) The support optimization design is carried out for the left shoulder pit, the upper side of the roadway, and the floor, which reduces the spacing of the bolt (cable). Four anchor cables are added to the left shoulder socket, and one anchor bolt is added to the two sides and the bottom corner of the roadway.
(4) The deformation of the roadway is controlled after optimized support. The results show that after optimized support, the displacement of the roof and floor of the roadway section and the two sides are reduced by 43.6% and 40.8% respectively compared with the original scheme. The deformation of the surrounding rock also has a gradual stability trend, and the surrounding rock of the roadway is effectively controlled.
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