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 ABSTRACT 

Aiming at the problems of roof crack propagation, side bulging and difficult surrounding rock 

control of the 120902 transportation roadway in Longfeng Coal Mine subjected to advance abutment 

pressure, an active advance support system with coordinated bearing capacity consisting of cable 

bolts, W steel strips and resin anchoring agents is established based on the suspension theory and 

Mohr-Coulomb strength criterion. Verification of support parameters, FLAC3D numerical simulation 

and field monitoring are carried out. The results show that key parameters including cable bolt 

anchorage length, suspended load and quantity of resin cartridges meet the safe bearing requirements. 

A single cable bolt can effectively bear the load of fractured rock strata, and the support system 

possesses sufficient coordinated bearing capacity. Numerical simulation results reveal that the 

maximum convergence of roadway sides and roof-floor under active support decreases to 376 mm 

and 334 mm respectively, representing a reduction of more than 30% compared with the unsupported 

condition. Field monitoring indicates that the maximum roof-floor convergence and side convergence 

are only 34 mm and 31 mm, the surrounding rock loose circle is controlled within 1.78 m, the 

qualification rate of rock bolts reaches 81.6%, and the stress of support structures remains stable. This 

technology can effectively control the deformation of mining-induced surrounding rock and guarantee 

roadway stability and safe mining of the working face. It can provide references for the support of 

mining roadways in mines with similar geological conditions. 

 

KEYWORDS: active advance support; surrounding rock deformation control; numerical 

simulation; field monitoring 

 

1 INTRODUCTION 

Coal serves as the cornerstone of China’s energy structure, and its safe and efficient 

mining plays a vital role in ensuring the stability of energy supply Błąd! Nie można odnaleźć źródła 

odwołania.. As critical passages for underground coal transportation, personnel access and 
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equipment layout, mining roadways directly determine mining efficiency and safety 

production level. With the continuous increase of mining depth and mining disturbance 

intensity, surrounding rock deformation induced by advance abutment pressure becomes 

increasingly prominent, manifested as roof crack propagation, side bulging and even local 

roof fall. These phenomena not only greatly raise roadway maintenance costs, but also pose a 

serious threat to underground safety production Błąd! Nie można odnaleźć źródła odwołania.-Błąd! Nie można 

odnaleźć źródła odwołania.. Therefore, research on the adaptability of support technologies under 

specific geological conditions has become an urgent demand in the field of surrounding rock 

control of mining roadways. 

The 120902 transportation roadway of Longfeng Coal Mine serves the mining 

operation of the 120902 working face in No.9 Coal Seam. The coal seam belongs to the 

stable mineable coal seam of the Longtan Formation with well-developed joints and 

favorable gas permeability. The roof presents a typical three-layer structure consisting of 

false roof, immediate roof and main roof, which are composed of carbonaceous mudstone, 

siltstone and limestone in sequence. The uniaxial compressive strength of each stratum 

ranges from 6.82 MPa to 32.29 MPa, showing remarkable differences in mechanical 

properties. During working face advancement, advance abutment pressure tends to expand 

the plastic zone of the immediate roof and further trigger incompatible deformation of 

surrounding rock. Conventional passive support schemes (such as single bolt support) fail to 

pre-control surrounding rock deformation, and cannot satisfy the long-term stability 

requirement of this roadway. 

Active advance support technology constructs a coordinated bearing system of “support 

structure – surrounding rock” by applying pre-tension. It can effectively transfer loads of 

fractured strata to deep stable rock masses, significantly improving the integrity and 

deformation resistance of surrounding rock. This technology has achieved favorable 

application performances in roadways under complex geological conditions in multiple mines 
Błąd! Nie można odnaleźć źródła odwołania.-Błąd! Nie można odnaleźć źródła odwołania.. For instance, Zhang Wei et 

al. Błąd! Nie można odnaleźć źródła odwołania. adopted the combined support of high-strength cable bolts 

and steel strips, and the roof-floor convergence of a mining roadway was successfully 

controlled within 50 mm. Li Gang et al. Błąd! Nie można odnaleźć źródła odwołania. optimized support 

parameters via numerical simulation, achieving a reduction of side deformation exceeding 

35%. Nevertheless, it should be noted that the performance of active support strongly 

depends on geological adaptability. Support parameters need targeted design under different 

coal seam thicknesses, roof lithology and burial depths. Direct adoption of existing schemes 

easily leads to poor support effect or even support failure Błąd! Nie można odnaleźć źródła odwołania.. 

Aiming at the support difficulties of the mining roadway of the 3-503 fully mechanized 

working face in Jinbei Coal Industry, the research team carried out advance support research 

using high-strength cable bolts to replace traditional single hydraulic props. Verified by mine 

pressure monitoring and numerical simulation, the proposed technology effectively controlled 

surrounding rock deformation under mining disturbance, improved mining efficiency and 

reduced labor intensity Błąd! Nie można odnaleźć źródła odwołania.. It is worth noting again that active 

support performance relies heavily on geological matching. Support parameters should be 

adjusted pertinently under varying coal seam thicknesses, roof lithology and burial depths, 

and blind application of existing schemes may result in support failure Błąd! Nie można odnaleźć 

źródła odwołania.-Błąd! Nie można odnaleźć źródła odwołania.. Studies conducted in No.2 Pingmei Coal Mine 

clearly indicated that differentiated support parameters are required in stress concentration 

zones such as structural belts and stop lines to guarantee support effectiveness Błąd! Nie można 

odnaleźć źródła odwołania.. Liu Quansheng et al. Błąd! Nie można odnaleźć źródła odwołania. found in the 

research on deep high-stress roadways that the roof control effect of identical support 
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parameters decreases by more than 40% when the burial depth exceeds 800 m. Comparative 

tests carried out by Wang Lei et al. Błąd! Nie można odnaleźć źródła odwołania. further verified that the 

anchorage length of cable bolts should differ by at least 1.2 m for sandstone roofs and 

mudstone roofs; otherwise, anchorage failure is prone to occur. 

On the above basis, taking the 120902 transportation roadway of Longfeng Coal Mine 

as the engineering background, this paper systematically investigates the active advance 

support technology considering its geological characteristics of shallow burial depth, multi-

layer roof structure and low coal mass strength. Basic roadway parameters and mechanical 

properties of surrounding rock are obtained through field investigation. Based on the 

suspension theory and Mohr-Coulomb strength criterion, a coordinated support system 

composed of cable bolts, W steel strips and resin anchoring agents is designed, and relevant 

parameters are calibrated. FLAC3D numerical simulation is adopted to analyze the roadway 

deformation control effect under support conditions. Finally, field monitoring is conducted to 

verify the feasibility and effectiveness of the support scheme. The research results can 

provide technical support for safe mining of this roadway and offer references for support 

design of mining roadways under similar geological conditions. 

2 ENGINEERING OVERVIEW 

2.1 Basic Characteristics of Roadway and Coal 

SeamThe 120902 transportation roadway of Longfeng Coal Mine is hosted in No.9 

Coal Seam and serves the haulage work of the 120902 working face. The burial depth of the 

roadway ranges from 244.8 m to 262.7 m. In the underground layout, its northern side is 

adjacent to the 120910 working face, the southern side connects to the upper section of 

Exploration Roadway I in the eastern wing of No.2 Mining District, and the eastern area 

remains undeveloped. The surface terrain consists of barren hills and soil slopes, without 

adverse engineering geological conditions such as buildings and water bodies. 

The roadway is designed with a rectangular cross-section (width 5 m × height 3 m). It 

excavates from the left sidewall at mileage K0+310 m of the 120902 cutting roadway 

(elevation +1069.4 m), with a total driving length of 888 m, including 768 m horizontal 

roadway, 40 m gradient transition section, 20 m horizontal roadway and 60 m through 

section. A belt conveyor and monorail crane are arranged inside the roadway. No.9 Coal 

Seam is a stable mineable coal seam located in the middle of the Longtan Formation. It has 

an average thickness of 2.8 m and an average dip angle of 2°. The Protodyakonov coefficient 

f ranges from 1.0028 to 1.6952. The coal mass is well-jointed and possesses favorable gas 

permeability. The in-situ gas content is 11.28 m³/t, and the coal dust explosion index is less 

than 10%, indicating non-explosive property. 

2.2 Structural and Mechanical Characteristics of Roof Strata 

The coal seam roof presents a three-layer structure of false roof, immediate roof and 

main roof, as listed in Table 1. The false roof is carbonaceous mudstone with a thickness of 

0–0.5 m, which exhibits poor stability and tends to collapse immediately after coal extraction. 

The immediate roof consists of siltstone with a thickness of 1.5 m, whose uniaxial 

compressive strength is 29.34 MPa and internal friction angle is 35.61°. The main roof is 

limestone with a thickness of 5.9 m, with a uniaxial compressive strength of 32.29 MPa and 

internal friction angle of 37.7°. The floor is composed of 0.3 m carbonaceous mudstone, 0.9 

m siltstone and 8.8 m siltstone. The comprehensive borehole columnar section of the 120902 

working face is shown in Figure 1. During working face mining, advance abutment pressure 
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easily induces crack propagation within the immediate roof, resulting in roof subsidence and 

side bulging. Thus, a targeted advance support scheme needs to be designed. 

Tab. 1 Mechanical Parameters of Roof Strata in 120902 Transportation Roadway 

Lithology Thickness/m 
Density 

/(g・cm⁻³) 

Uniaxial 

compressive 

strength/MPa 

Internal 

friction 

angle/(°) 

Cohesion/MPa 
Elastic 

modulus/GPa 

Carbonaceous 

mudstone 

(false roof) 

0～0.5 2.31 6.82 25.3 1.21 1.85 

Siltstone 

(immediate 

roof) 

1.5 2.55 29.34 35.61 2.87 4.89 

Limestone 

(main roof) 
5.9 2.65 32.29 37.7 2.91 5.21 

 

Fig. 1 Comprehensive Borehole Histogram of No.120902 Working Face 

3 DESIGN OF ACTIVE ADVANCE SUPPORT AND THEORETICAL CALCULATION 

OF PARAMETERS 

3.1 Support Principle 

The fundamental difference between active advance support and conventional passive 

support lies in that active advance support realizes effective surrounding rock control by pre-

applying loads and constructing an integral bearing structure Błąd! Nie można odnaleźć źródła odwołania.-

Błąd! Nie można odnaleźć źródła odwołania.. Firstly, high-strength cable bolts (Φ21.6 mm steel strand 

with tensile strength up to 1614 MPa) transfer the loads of the immediate roof and false roof 

to the stable main roof (limestone stratum), preventing the self-weight of overlying fractured 

strata from directly acting on the roadway periphery. Meanwhile, resin anchoring agents 

(Model MSK2350 rapid-setting cartridges) achieve rigid bonding between cable bolts and 

surrounding rock. A pre-tension force of no less than 120 kN is applied to compact the 

original roof fractures and substantially improve the integrity and bearing capacity of 

surrounding rock. Furthermore, W steel strips (dimension: 4975 mm × 300 mm × 3 mm) 

convert the concentrated support force of individual cable bolts into uniformly distributed 

planar load, which effectively avoids local stress concentration. Consequently, a coordinated 

bearing system centered on cable bolts, W steel strips and resin anchoring agents is formed. 
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3.2 Support Scheme Design 

Combined with the roadway cross-section and roof geological conditions, the layout of 

the active advance support scheme is illustrated in Figure 2. The active advance support is 

implemented before the mining of the working face, and the operation area is located within 

the advance abutment pressure zone affected by mining disturbance, generally ranging from 

10 m to 50 m ahead of the working face along the advancing direction. The support system 

consists of high-strength cable bolts with dimensions of Φ21.6 mm × 6300 mm (minimum 

breaking force ≥ 580 kN), together with 250 mm × 250 mm × 12 mm cable bolt bearing 

plates, 4975 mm-long W steel strips (yield strength of 345 MPa) and Model MSK2350 resin 

anchoring cartridges. Three cartridges with a specification of Φ23 mm × 500 mm are adopted 

for each borehole. In terms of layout, cable bolts are additionally installed between the rows 

of original rock bolts. The spacing along the roadway axis is 4000 mm, and the row spacing 

perpendicular to the roadway axis is 1600 mm. The first cable bolt is arranged 500 mm away 

from the mining side, and the second one is 500 mm away from the non-mining side. All 

cable bolts are installed perpendicularly to the roof Błąd! Nie można odnaleźć źródła odwołania.. 

 

 

Fig. 2 Cross-section Layout of Advance Support 

 

3.3 Theoretical Calculation and Verification of Support Parameters 

Based on the suspension theory, Mohr-Coulomb strength criterion and plastic zone 

analysis of surrounding rock, systematic calculations are conducted for the key parameters of 

active advance support, including cable bolt length, anchorage force, anchorage length and 

the quantity of resin cartridges, to guarantee that the support system meets the bearing and 

stability requirements. 

3.3.1 Calculation of Total Cable Bolt Length 

The cable bolt should satisfy two requirements simultaneously: anchoring into stable 

strata and covering fractured unstable strata. The total length L of the cable bolt is calculated 

according to Equation (1), which consists of four segments: anchorage length L , unstable 

stratum length bL , thickness of bearing plate and anchorage assembly cL , and exposed 

tension segment dL . 

 

a b c dL L L L L= + + +         (1) 
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To achieve reliable anchorage of cable bolts, the anchorage segment aL  must penetrate into the stable 

main roof (limestone stratum). On the basis of bond strength theory with a safety factor of 2.0 

adopted, the calculated minimum anchorage length satisfies 1.06aL m . A designed value of 1.8 m 

is adopted to provide sufficient safety margin. For the free segment bL  passing through unstable 

strata, the plastic zone depth of the immediate roof is calculated as 3.64 m using the plastic zone 

radius formula. Subtracting the half roadway height of 1.5 m, the length of the free segment is 

determined as 2.14bL m= . In addition, the total length of the bearing plate and exposed segment 

( )c dL L+  is taken as 0.31 m, including a 60 mm thick bearing plate and a 250 mm reserved tension 

operation space. Summing the length of each segment yields a theoretical total length 

1.8 2.14 0.31 4.25L m= + + = . Therefore, standard cable bolts with a length of 6300 mm are 

selected in the final design, whose length fully meets the above safety and structural requirements. 

3.3.2 Verification of Cable Bolt Anchorage Force 

A single cable bolt is required to bear the weight of suspended strata, which can be 

calculated by the following equation: 

 

 Q k HS=          (2) 

 

where: Q  is the self-weight of suspended strata borne by each cable bolt, kN; k  

denotes the safety factor, taken as 1.7;   represents the average unit weight of suspended 

rock, 29.17 kN/m³; H  is the range of plastic zone, 2.14 m; S  stands for the supporting area 

of a single cable bolt, 3.84 m². The calculated value of Q  is 407 kN. The total bearing 

capacity of two cable bolts in one row is 2×466=932kN, which is much larger than 

1.7×431=732.7kN (the suspended load of each row is 431 kN). Therefore, the support system 

satisfies the bearing requirement. 

3.3.3 Calculation of Anchorage Length 

The calculation formula for the anchorage length aL  is expressed as follows: 

a

b

KN
L

n df
=

         (3) 

 

where: K = safety factor, taken as 1.6; N = designed axial tension of cable bolt, and the 

anchorage force is 466 kN; n  = number of cable bolts, taken as 1; d  = diameter of cable 

bolt, taken as 21.6 mm; bf  = designed bond strength between resin anchoring agent and cable 

bolt (or borehole wall), taken as 10 N/mm². Substituting these parameters yields aL =1.1m. 

3.3.4 Verification of Resin Cartridge Quantity 

The required length of resin cartridges for cable bolts can be calculated by the 

following equation according to the designed anchorage length: 

 
2 2

1 2

mao

yao mao

yao

R R
L K L

R

 −
=  

 
         (4) 
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where: 
yaoL  = total length of resin cartridges; maoR  = radius of cable bolt, taken as 10.8 

mm; 
yaoR  = radius of resin cartridge, taken as 11.5 mm; 

1K  = loss coefficient of resin cartridge, taken as 1.1; R  = borehole radius, taken as 14 

mm. Therefore, the calculated anchorage length of the cable bolt is 1.1 m, and a designed 

value of 1.14 m is adopted to satisfy the strength requirement. 

The effective anchorage length of a single Φ23.5 mm × 500 mm resin cartridge should 

take the contact area among expanded resin cartridge, cable bolt and borehole wall into 

consideration, and the corresponding formula is expressed as follows: 
 

 
0.75 0.15 5total yaoL L =  =

       (5) 

where: totalL  = total length of resin cartridges, m, taken as 0.75 m; 
yaoL  = length of a 

single selected resin cartridge, 0.5 m. According to the above calculation results, three resin 

cartridges are adopted in the support design. This scheme can not only satisfy the anchorage 

length requirement, but also realize layered solidification of multiple cartridges (one cartridge 

arranged at the top and two in the middle). This arrangement prevents anchorage failure 

induced by defects such as air bubbles and insufficient resin adhesive within a single 

cartridge, and improves the reliability of bonding performance. 

4 NUMERICAL SIMULATION ANALYSIS 

4.1 Model Establishment 

Aiming at the optimization demand for parameters of the rock bolt and cable bolt 

support system (including length, spacing and row spacing) of the 120902 transportation 

roadway, numerical simulation is adopted in this study to systematically analyze the 

surrounding rock deformation responses under different support schemes. According to the 

actual geological and mining conditions of the roadway, a three-dimensional numerical 

model with geometric dimensions of 100 m × 100 m × 100 m (length × width × height) is 

established to simulate the whole excavation process of the roadway. The boundary 

conditions of the model are determined based on field in-situ stress measurement results. A 

uniform vertical stress of 5.29 MPa is applied on the top surface, which is calculated 

according to the rock mass unit weight of   =29.17kN/m3 and the roadway burial depth of 

approximately 200 m. Depth-dependent horizontal stresses are applied on the lateral 

boundaries of the model, and the lateral pressure coefficient is set to 2.12. In terms of 

displacement constraints, horizontal displacement is restricted on the lateral boundaries, and 

vertical displacement is constrained on the bottom surface, so as to reproduce the in-situ 

stress state and surrounding rock constraint conditions. The established numerical model is 

shown in Figure 3. 
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Fig. 3 Numerical Simulation Model 

 

The Mohr-Coulomb model is adopted as the material constitutive model. The physical 

and mechanical parameters of No.9 Coal Seam as well as roof and floor strata in numerical 

simulation are determined according to field actual conditions. The mechanical parameters of 

surrounding rock are listed in Table 2. 

 

 

 

Tab. 2 Mechanical Parameters of Surrounding Rock 

Lithology 
Density/(g·cm3

) 

Uniaxial 

compressive 

strength/MP

a 

Tensile 

strength/MP

a 

Cohesion/MP

a 

Interna

l 

friction 

angle 

(°) 

Elastic 

modulus/GP

a 

Overlying 

strata 
2.917 21.67 2.3 2.98 29 3.42 

Argillaceou

s siltstone 
2.679 28.9 2.0 2.42 34.13 4.88 

Limestone 2.645 32.286 2.2 2.905 37.7 5.21 

Coal seam 1.479 4.499 0.225 1.099 22.0 0.75 

Siltstone 2.547 29.342 1.71 2.873 35.61 4.89 

Silty 

mudstone 
2.705 17.27 1.97 2.748 33.53 4.73 

Underlying 

strata 
2.917 21.67 2.3 2.98 29 3.42 

4.2 Support Scheme Parameters 

As shown in Figure 4, the support parameters adopted for the 120902 transportation 

roadway of Longfeng Coal Mine during excavation are listed as follows. The roof rock bolts 

are arranged with a spacing of 800 mm and row spacing of 800 mm, and BHRB335 rock 

bolts with a specification of Φ20 mm × 2500 mm are adopted. The spacing of side rock bolts 

is 1000 mm and the row spacing is 800 mm, and the rock bolts share the same dimension of 

Φ20 mm × 2500 mm. In the numerical simulation, the rock bolt diameter is uniformly set to 

20 mm with a yield strength of 335 MPa. Its tensile resistance and shear breaking force are 

153.9 kN and 107.8 kN, respectively. For roof cable bolts, the layout spacing is 2400 mm and 
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row spacing is 1600 mm, and cable bolts of Φ21.6 mm × 6300 mm are selected. In the 

numerical model, the cable bolt diameter is set to 21.6 mm, yield strength is 1800 MPa, 

tensile resistance reaches 466 kN, and elastic modulus is 193 GPa. 

 

 

Fig. 4 Schematic Layout of Rock Bolts and Cable Bolts in 120902 Transportation Roadway 

 

As shown in Figure 5, the following reinforced support scheme is adopted for the 

120902 transportation roadway during coal extraction. Two 6300 mm-long cable bolts are 

additionally installed between rock bolt rows without pre-arranged cable bolts. These cable 

bolts are arranged perpendicularly to the roof together with 4975 mm-long W steel strips to 

form the active advance support system. For the convenience of on-site construction, the 

spacing of cable bolts along the roadway axis is set to 4000 mm, and the row spacing 

perpendicular to the roadway axis is 1600 mm. The first cable bolt is installed 500 mm away 

from the mining side, and the second one is 500 mm away from the non-mining side. In the 

numerical simulation, the cable bolt is defined with a diameter of 21.6 mm, yield strength of 

1800 MPa, tensile resistance of 466 kN and elastic modulus of 193 GPa. The additional 

influence induced by W steel strips on the support system is not considered in the numerical 

model. 

 

Fig. 5 Schematic Layout of Reinforced Support in 120902 Transportation Roadway 

 

4.3 Simulation Results 

As illustrated by the surrounding rock displacement cloud nephogram of the roadway 

during excavation in Figure 6, the maximum convergence of two roadway sidewalls of the 

120902 transportation roadway is approximately 142 mm, and the maximum roof-to-floor 

convergence is about 93 mm. The deformation of roadway sidewalls is obviously greater than 

that of roof and floor, indicating that the control effect of roof and floor surrounding rock is 

more favorable under the above support condition. The adopted support parameters are listed 

as follows: roof rock bolts (Φ20 mm × 2500 mm) with spacing and row spacing both equal to 

800 mm; side rock bolts (Φ20 mm × 2500 mm) with a spacing of 1000 mm and row spacing 
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of 800 mm; roof cable bolts (Φ21.6 mm × 6300 mm) with a spacing of 2400 mm and row 

spacing of 1600 mm. The simulation results demonstrate that the above support system 

effectively restrains the surrounding rock deformation of the roadway, which verifies the 

rationality of the adopted support scheme and parameters. 

 

 

(a) Horizontal displacement nephogram      (b) Vertical displacement nephogram 

Figure 6 Displacement Nephograms of Surrounding Rock in 120902 Transportation Roadway 

 

Figure 7 presents the horizontal and vertical displacement nephograms of roadway 

surrounding rock without active advance support during mining, which serves as the control 

condition in this study. Under this condition, the maximum convergence of two roadway 

sidewalls of the 120902 transportation roadway is approximately 551 mm, and the maximum 

roof-to-floor convergence reaches about 483 mm. Affected by the advance abutment pressure 

induced by working face extraction, surrounding rock deformation is substantially larger than 

that during roadway excavation, while the deformation remains controllable as a whole. The 

parameters of the original support system are as follows: roof rock bolts (Φ20 mm × 2500 

mm) with spacing and row spacing both of 800 mm; side rock bolts (Φ20 mm × 2500 mm) 

with a spacing of 1000 mm and row spacing of 800 mm; roof cable bolts (Φ21.6 mm × 6300 

mm) with a spacing of 2400 mm and row spacing of 1600 mm. Simulation results reveal that 

this support scheme can still effectively constrain surrounding rock deformation under 

mining disturbance, verifying the rationality and reliability of the scheme as the basic support 

system. 

 

(a) Horizontal Displacement Nephogram      (b) Vertical Displacement Nephogram 

Figure 7 Displacement Nephograms of Surrounding Rock in 120902 Transportation Roadway Without Active 

Advance Support 

Figure 8 shows the horizontal and vertical displacement nephograms of surrounding 

rock after the adoption of active advance support during mining. Under this support 

condition, the maximum convergence of two roadway sidewalls of the 120902 transportation 

roadway is approximately 376 mm, and the maximum roof-to-floor convergence is about 334 
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mm. Compared with the condition without such support measures (control group), the 

sidewall convergence is reduced by 31.76%, and the roof-to-floor convergence decreases by 

30.85%. The surrounding rock deformation is significantly restrained, which demonstrates 

that active advance support exerts remarkable effects on suppressing roadway deformation 

induced by mining disturbance. In addition, the reinforced support implemented on the roof 

also effectively improves the stability of roadway sidewalls, indicating that the support 

system achieves a synergistic strengthening effect on the overall roadway stability. The 

adopted parameters of active advance support are as follows: two 6300 mm-long cable bolts 

are installed between rock bolts without prearranged cable bolts, and the cable bolts are 

mounted perpendicularly to the roof together with 4975 mm-long W steel strips. The spacing 

of cable bolts along the roadway axis is 4000 mm, and the row spacing is 1600 mm. 

Simulation results verify that this layout can effectively control roadway deformation during 

mining while satisfying construction convenience, and thus meets the engineering design 

requirements. 

 

 

(a) Horizontal Displacement Nephogram     (b) Vertical Displacement Nephogram 

Figure 8 Displacement Nephograms of Surrounding Rock in 120902 Transportation Roadway with 

Active Advance Support 

Figure 9 presents the comparison of roof-to-floor convergence between the cases 

without and with advance support. After the implementation of active advance support, the 

roof-to-floor convergence of the roadway is significantly controlled, and the deformation 

suppression effect is particularly prominent in the region close to the working face. This 

result reveals that the active advance support system can effectively mitigate the adverse 

influence of advance abutment pressure on roadway surrounding rock during working face 

extraction, and plays a remarkable role in maintaining the overall structural stability of the 

roadway under mining disturbance. 

 

Fig. 9 Comparison of Roof-to-floor Convergence Between Cases Without and With 

Active Advance Support 
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5 FIELD MONITORING AND EFFECT VERIFICATION 

5.1 Design of Monitoring Scheme 

5.1.1 Layout of Monitoring Points 

To systematically investigate the deformation and mechanical characteristics of 

roadway surrounding rock during working face extraction, five monitoring stations (No. Ⅰ–Ⅴ) 

are arranged along the roadway axis. Stations Ⅰ–Ⅳ are fixedly arranged 10 m, 20 m, 30 m 

and 50 m ahead of the working face, as shown in Figure 10. The position of Station Ⅴ is 

flexibly adjusted according to the actual development of fractured zones in the roadway, to 

ensure full coverage of the influence zone induced by advance abutment pressure. A cross-

shaped layout is adopted for the monitoring section at each station. Multi-parameter 

comprehensive monitoring is carried out simultaneously, including surface displacement, 

deep displacement, internal structure observation of surrounding rock, and stress 

measurement of support components. 

 

Fig. 10 Schematic Layout of Monitoring Stations 

5.1.2 Selection of Monitoring Technologies 

Comprehensive monitoring of roadway surrounding rock conditions is implemented 

synchronously via the following methods. For roadway deformation monitoring, the YHJ-

300J(A) laser rangefinder (precision ±1 mm) is adopted to measure the relative convergence 

of roof-floor and sidewalls at each monitoring section. The average value of three single-

point measurements is adopted to control measurement errors. The CXK12(B) borehole 

imager for mining applications is used for surrounding rock loose zone monitoring. The 

scope of the loose zone and its dynamic evolution law are determined by analyzing fracture 

development characteristics within boreholes drilled vertically into the roof (depth of 10 m) 

and roadway sidewalls (depth of 8 m) at each station. The stress monitoring of support 

components adopts multiple instruments including the CMSW6(A) non-destructive tester for 

rock bolts and cable bolts, roof separation indicator and cable bolt dynamometer. These 

devices can quantitatively obtain the anchorage force and working load of rock bolts and 

cable bolts, as well as internal and external roof separation values and cable bolt stress, so as 

to systematically evaluate the real-time working state of supporting components. The 

monitoring instruments are shown in Figure 11. 
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Fig. 11 Composition of Borehole Imaging Equipment and Laser Rangefinder 

 

5.2 Monitoring Results and Analysis 

5.2.1 Roadway Deformation Law 

As shown in Figure 12, the roof-to-floor deformation at different monitoring stations 

exhibits distinct staged variations with the advance of the working face. During the 12-day 

monitoring period, the working face advances from 10.12 m to 1.67 m away from Station Ⅰ, 

with a total advance distance of 8.5 m. As the working face approaches, Station Ⅰ (initial 

distance of 10 m) presents the most remarkable surrounding rock response; the roof-to-floor 

convergence and sidewall convergence reach 34 mm and 31 mm, respectively. For Station Ⅱ 

and Station Ⅲ (initial distances of 20 m and 30 m), the roof deformation develops gently, 

while the sidewall convergence reaches 9 mm and 34 mm, which reflects the local 

deformation characteristics of coal sidewalls under the effect of advance abutment pressure. 

Affected by local fractured roof rock, Station Ⅳ (initial distance of 50 m) experiences 

obvious roof deformation, whereas no prominent deformation occurs on the roadway 

sidewalls. Station Ⅴ is farthest from the working face and subjected to weak mining 

disturbance, so the roof-to-floor and sidewall deformations remain at low levels. Overall, 

surrounding rock deformation gradually intensifies as the working face approaches, and 

deformation mechanisms vary at different positions. This phenomenon verifies that the 

support system can effectively control the differential deformation characteristics. 

 

(a) Roof-to-floor Convergence             (b) Sidewall Convergence 

Figure 12 Roadway Deformation During Monitoring Period 

 

5.2.2 Evolution of Surrounding Rock Loose Zone 

Five monitoring stations labeled Ⅰ, Ⅱ, Ⅲ, Ⅳ and Ⅴ are arranged sequentially ahead of 

the working face in the 120902 transportation roadway (Figure 13), which are located 10 m, 

20 m, 30 m, 50 m and 100 m in advance of the working face, respectively. To evaluate the 
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rationality of the support scheme and its control effect on surrounding rock deformation, a 

borehole imaging detection system is adopted to detect the failure range of roadway roof and 

sidewalls, which provides a basis for assessing the support performance. 

The borehole observation method is adopted to measure the loose zone of surrounding 

rock at each monitoring station, and the layout position and depth of boreholes are shown in 

Figure 5. The detailed layout is as follows: No.1 borehole is drilled vertically in the middle of 

the roof with a depth of 10 m; one vertical borehole is arranged in the middle of each 

roadway sidewall. The borehole on the left sidewall (working face side) is defined as No.2 

borehole, and that on the right sidewall is No.3 borehole, both with a depth of 8 m. 

 

 

(a) Position and Depth of Boreholes for Borehole Inspection  (b) In-situ Inspection 

Fig. 13 Layout, Depth and In-situ Inspection of Peep Boreholes at Monitoring Station 

 

The borehole observation results of surrounding rock loose zone reveal that prominent 

fractures only develop on the left sidewall (working face side) at Station Ⅰ closest to the 

working face, and the surrounding rock maintains favorable integrity at other stations. The 

dynamic development process of the loose zone at Station Ⅰ is presented in Figure 14. 

 

(a) 10 m                               (b) 0.5 m 

Figure 14 Loose Zones of Surrounding Rock at Monitoring Station Ⅰ When Distances Ahead of the Working 

Face Are 10 m and 0.5 m 

 

5.2.3 Stress State of Support Components 

According to the non-destructive testing results of 49 rock bolts, the overall support 

condition of the roadway is evaluated as qualified. Among all tested rock bolts, 40 reach 

qualified grade or above, and the proportion of rock bolts with poor grade is less than 30%. 

The measured working load of most rock bolts ranges from 30% to 70% of the designed 

anchorage force, and the support system remains in a state from generally stable to relatively 

stable. Under mining disturbance, only partial rock bolts at Station Ⅰ bear working loads 
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exceeding 60% of the designed anchorage force. The rock bolt stress distribution at other 

stations is relatively uniform without obvious stress concentration. The roof separation 

monitoring results indicate that the displacements of deep and shallow reference points at 

each station do not experience remarkable variations. The cable bolt stress decreases by 24.1–

40.0 kN without abrupt stress loss, which further verifies that the anchorage system possesses 

reliable coordinated deformation capacity and integral stability during working face advance. 

 

Fig. 15 Evaluation Results of Mining Influence State 

 

5.3 Verification Conclusions 

Field monitoring data are in good agreement with theoretical calculation and numerical 

simulation results. After the adoption of active advance support, the maximum roof-to-floor 

convergence of the roadway is 34 mm, and the maximum sidewall convergence reaches 31 

mm. The range of surrounding rock loose zone is controlled within 1.78 m, and the support 

components remain in a stable stress state as a whole. The proposed support scheme can 

effectively suppress the adverse effect induced by advance abutment pressure and remarkably 

improve the stability of extraction roadways under mining disturbance. This scheme not only 

provides reliable technical guarantee for safe and efficient extraction of the 120902 

transportation roadway, but also accumulates valuable engineering experience for roadway 

support design under similar geological and mining conditions. 

6 CONCLUSIONS 

(1) Based on the suspension theory and Mohr-Coulomb strength criterion, an active 

advance support scheme with synergistic bearing capacity composed of cable bolts and W 

steel strips is proposed. Reasonable support parameters are determined via theoretical 

calculations to satisfy the safety bearing requirements. 

(2) FLAC3D numerical simulation results indicate that without active advance support, 

the maximum sidewall convergence and roof-to-floor convergence of the roadway reach 551 

mm and 483 mm, respectively, and obvious surrounding rock deformation occurs under 

mining disturbance. After implementing active advance support, the sidewall convergence 

decreases to 376 mm and roof-to-floor convergence reduces to 334 mm, with a reduction rate 

of 31.76% and 30.85%, respectively. The surrounding rock deformation is effectively 

restrained. It demonstrates that the active support system consisting of cable bolts and W 

steel strips can significantly improve roadway stability, which verifies the rationality and 

effectiveness of the proposed scheme. 
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(3) Field monitoring data confirm favorable support performance. The maximum roof-

to-floor convergence and sidewall convergence of the roadway are merely 34 mm and 31 

mm, respectively. The range of surrounding rock loose zone is controlled within 1.78 m, and 

the qualification rate of rock bolts reaches 81.6%. The support components bear uniform and 

stable stresses without prominent roof separation and abrupt stress variation. The above 

results fully verify the feasibility and reliability of the support scheme. 

7 AUTHOR CONTRIBUTIONS 

Bo Li: Methodology, Writing – original draft. Jiantao Yang: Conceptualization, 

Supervision, Writing – review & editing, Project administration, Funding. Shuai Huang: 

Methodology, Writing – original draft. Li Wang: Methodology, Writing – original draft. 

Youwen Tian: Methodology, Writing – original draft. 

8 FUNDING 

The work presented in this paper was supported by the projects of the “Supported by 

the National Natural Science Foundation of China (52274116)” and “Guizhou Provincial 

Science and Technology Program (Qiankehe Talents[KJFZ2025]009)”. 

9 DATA AVAILABILITY 

The raw data supporting the conclusions of this study are available from the 

corresponding author upon reasonable request. 

10 COMPETING INTERESTS 

The authors declare no conflict of interest. 
 

11 REFERENCES 

[1] YUAN L, ZHANG T, WANG Y, et al. Scientific problems and key technologies for 

safe and efficient mining of deep coal resources[J]. Journal of China Coal Society, 

2025, 50(1): 1-12. 

[2] Xie H P, Zhou H W, Ju Y. Current situation and prospect of high-efficiency mining 

and safety guarantee technology for deep coal resources [J]. Journal of China Coal 

Society, 2020, 45(1): 1-15. 

[3] Zhao B C, Li L, Zhang M. Research and application of advanced active support for 

deep mining roadway in Pingmei No.2 Coal Mine [J]. Coal Engineering, 2025, 57(7): 

45-51. 

[4] Sun H T, Wang Z G. Research on high-strength anchor cable advanced support 

technology for fully mechanized mining face in Jinbei Coal Industry [J]. Coal 

Engineering Technology, 2024, 7(8): 32-38. 



 

 
Inżynieria Mineralna — Styczeń - Czerwiec   2026    January - June Journal of the Polish Mineral Engineering Society 

 

 

[5] Duan X B. Research on stress characteristics of fully mechanized mining face and 

advanced support technology [J]. Energy and Energy Conservation, 2024, (7): 129-

131+140. 

[6] Li R J. Analysis on optimization of advanced support technology for mining roadway 

in fully mechanized top-coal caving face [J]. West-China Exploration Engineering, 

2023, 35(9): 120-122. 

[7] Zhang W, Wang W J, Feng T. Application of high-strength anchor cable advanced 

support in mining roadway [J]. Journal of Mining and Safety Engineering, 2021, 

38(3): 521-527. 

[8] Li G, Zhang N, Xu X L. Optimization of active support parameters for mining 

roadway based on FLAC3D [J]. Coal Science and Technology, 2020, 48(8): 132-138. 

[9] Zhang A J, Zhang G J, Wang W. Research on self-bearing support technology in 

advanced support area of fully mechanized top-coal caving face [J]. Energy and 

Environmental Protection, 2023, 45(7): 273-279. 

[10] Chen T X, Yao Q L, Ma Z T. Phased anchor cable type advanced support technology 

for step working face in Qianyingzi Coal Mine [J]. Coal Technology, 2023, 42(1): 64-

69. 

[11] Ma Y, Zhang Z Y, Xia Z, et al. Bolt (cable) type active advanced support technology 

and its application in mining roadway with thick and hard roof in Qidong Coal Mine 

[J]. Coal Technology, 2024, 43(6): 89-94. 

[12] Yao Q L, Wang X H, Xia Z, et al. Key technologies and application of active 

advanced support for longwall coal mining in coal mines [J]. Journal of Mining and 

Safety Engineering, 2020, 37(2): 289-297. 

[13] Guo R. Research on key technologies of active advanced support for mining roadway 

in fully mechanized mining face [J]. Energy and Energy Conservation, 2024, (7): 194-

197. 

[14] Su G F. Research and application of active advanced support technology for mining 

roadway [J]. Coal Technology, 2022, 41(9): 80-82. 

[15] Liu Q S, Huang S B, Liu B. Progress in theory and technology of surrounding rock 

stability control for deep roadways [J]. Chinese Journal of Rock Mechanics and 

Engineering, 2019, 38(S1): 2951-2964. 

[16] Wang L, Zhang H W. Optimization of active support parameters under different roof 

lithologies [J]. China Coal, 2022, 48(11): 68-74. 

[17] Li Y, Hu D, Zhao J, et al. Research on active advance support technology of mining 

roadway under hard roof condition[J]. Scientific Reports, 2025, 15(1): 25172. 

[18] Su W, Zheng B, Jiang P. Study on anchor cable instead of single hydraulic prop 

support in advance support of deep roadway[J]. Advances in Civil Engineering, 2021, 

2021(1): 6644832. 



 

 
Inżynieria Mineralna — Styczeń - Czerwiec   2026    January - June Journal of the Polish Mineral Engineering Society 

 

 

[19] Jiang P, Xiao P, Meng F, et al. Application study on active advanced support 

technology in deep roadway under mine goaf[J]. Geofluids, 2020, 2020(1): 8865238. 

[20] GUO Ning.Research on advance stress distribution law of thick hard roof and 

optimization of advance support technology[D].Xuzhou:China University of Mining 

and Technology,2021. 


