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Abstract. Based on the FLAC3D numerical software, a roadway excavation and 
support model was established. The stability of the surrounding rock of the FRP 
bolt support and the force characteristics of the bolt support in the Yuhuasi mining 
area of Jinshandian Iron Mine were analyzed. The distribution law of the plastic 
zone of the roadway and the distribution characteristics of the bolt support force 
were simulated, and the deformation law of the roadway support was simulated. 
The roadway deformation data for 6 months of support was tested on site, the 
weak links of the support were determined, and the support was optimized. 
Parameters, the optimized support effect is better, which provides a guarantee for 
the safety of roadway support and also provides a reference for other metal mine 
roadway support. 
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1. Introduction 

During the mining process of the stopping roadway, affected by factors such as ground 

pressure and geological conditions, the two sides of the roadway and the roof are 

extremely prone to displacement, deformation and collapse. Effective measures must 

be taken for support. At present, bolt support is mainly used in China. Fast support, and 

the main types of bolts are threaded steel bolts and resin bolts. The threaded steel bolts 

are prone to corrosion and failure in the moist underground environment. The resin 

bolts have the advantages of corrosion resistance, high strength, and cutting ability. It is 

widely used, among which the strength of FRP bolts is relatively high, and the 

materials can meet the requirements of ultimate strength such as tensile, shear, and 

yield, and are used in a large area in the process of underground mine tunnel support 

[1-3]. However, in the actual support process, due to the lack of clarity of the bolt stress 

state and the location of the force point, the location of deformation and collapse 

cannot be predicted in advance, which leads to the phenomenon of missing support at 

the deformation and collapse point during the support process. Protection failure also 

often occurs [4-6]. In order to avoid missing support or repeated support, it is necessary 

to simulate and analyze the mechanical properties of the surrounding rock of the 

roadway and the mechanical state after support in advance, and predict possible support 

failure accidents in advance to reduce support safety accidents. 
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2. Roadway Support Simulation 

2.1. Roadway Overview 

Aiming at the problem of transportation roadway support in the stope of Yuhuasi 

mining area in Jinshandian Iron Mine of Baowu Steel Group, FLAC3D software was 

used for numerical simulation analysis. The roadway is a three-center arch section of 

3.8m×3.3m. It is supported immediately after the roadway is formed. During the 

supporting process, Φ18×1800mm left-handed glass fiber reinforced plastic bolts are 

used for support. Density γ=1.9t/m3. The diameter of the supporting hole is 40mm, and 

each supporting hole is anchored with a fast-hardening cement coil for the full length, 

and the anchoring length is 1800mm. The two sides and roof of the roadway are 

supported by sprayed concrete, the concrete strength is 20Mpa, and the sprayed layer 

thickness is 80-100mm. The roof of the roadway is relatively broken, and the anchor 

net is used for reinforcement. The anchor net is a 200×200mm diamond-shaped metal 

net made of 8mm iron wire, with a length of 3300mm and a width of 1000mm, 

covering the entire top of the roadway. 

2.2. Roadway Support Simulation 

For roadway support simulation analysis, the FLAC3D software commonly used in 

surrounding rock stability analysis is used to simulate the progressive failure and 

deformation of the support. Based on the modeling and analysis of the support 

technology characteristics of the mining roadway in Jinshandian Iron Mine [7-10]. The 

geological characteristics of the mining roadway in the Yuhuasi mining area of 

Jinshandian show that it is the surrounding rock ore body layer dominated by magnetite. 

Therefore, in the simulation process, a one-to-one modeling is carried out based on the 

size of the roadway section and the length of the support, but considering the outside 

world The environment is more complicated, and some external factors with low 

influencing factors are simplified, that is, the roadway model is simplified to a 

continuous and uniform magnetite rock mass. In the process of roadway stress, the 

initial force is its own weight, and the roadway is only considered when the force is 

applied later. The stress change caused by excavation does not consider the seepage 

caused by groundwater at the same time. According to the nature of the magnetite rock 

mass, the geological data is queried to determine its mechanical parameter values and 

input into the boundary conditions. According to the section size and anchoring support 

length, and considering the influence of the boundary effect, the model takes 36m in 

the direction of the roadway section. Height 36m; because the roadway support can be 

simplified as a plane problem, in order to reduce the calculation grid, take the axial 

direction of the roadway as the length direction, only take 10m for numerical analysis, 

and determine the size of the entire model as length×width×height 10m× 36m×36m, 

after the mesh is divided, there are a total of 34776 structural units. The model 

established is shown in figure 1. 
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Figure 1. Roadway model diagram 

The FRP bolt support adopted for roadway support, the material properties and 

mechanical characteristic values of FRP bolts are configured into the grid as required. 

The empty area before and after the excavation of the roadway is not affected by the 

stress, and the built-in zero model is used for calculation, and the surrounding rock part 

of the roadway is affected by the ground pressure before and after the excavation, so 

the Mohr-Coulomb plasticity of the force analysis is selected. The model is calculated. 

Therefore, in the roadway excavation model, the two sides of the roadway and the roof 

are both stressed areas. In the model, the positions of the arch angles and side sides on 

the left and right sides of the model are symmetrical to the center line, and the top and 

two sides of the roadway are supported in accordance with the actual support. The row 

spacing is equipped with bolt support units. At the nut and pallet support points, the 

members near the roadway wall are assigned maximum values to simulate the role of 

the pallet. The finally established bolt support unit model diagram is shown in figure 2. 

 

Figure 2. Anchor support model diagram 

In order to analyze the stress situation of the roadway roof and the two sides later, 

the typical stress points on the roadway roof and two sides are selected for 
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displacement monitoring, as the displacement monitoring points, and the roadway roof 

and the two sides are measured before the excavation and after the support. The 

displacement and deformation in the radial and radial directions, and the setting of 

monitoring points are shown in figure 3. 

 

Figure 3. Location map of monitoring points 

3. Support Simulation Analysis  

According to the support parameters of the mining roadway and the actual situation of 

the site, the numerical software simulation analysis shows that when the mining 

roadway of Jinshandian Iron Mine is supported by FRP bolts, the original rock stress 

zone and elastic zone formed after the support of the roadway are relatively stable. The 

plastic zone is extremely easy to deform with the development of support time. 

Therefore, the shape of the plastic zone can indirectly reflect the deformation trend 

after support. According to the simulation, the plastic area of the roof, floor and the 

center zone of the two sides of the roadway is small after the support, while the angle 

between the roof and the two sides of the roadway, and the angle between the bottom 

and the two sides all show larger plastic areas, and Extending to the deep area, the 

plastic area of the roadway support section shows a "butterfly" distribution. The 

simulation shows that the plastic zone distribution of the mining roadway is shown in 

figure 4. 
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Figure 4. Plastic zone of roadway section 

After the support has formed the plastic zone, with the accumulation of the support 

time, the roadway displacement and deformation will gradually increase. The FRP bolt 

support plays a supporting and stabilizing role through the axial force of the bolt. The 

stress form changes from one-way compression and two-way compression to three-way 

compression, thereby improving its hoop compressive strength, so that the compression 

belt can bear its own weight and a certain external load, making it effective Control the 

deformation of surrounding rock. Therefore, after adopting FRP bolt support, its stress 

state and its mechanical characteristics are important factors for judging whether the 

bolt support can effectively resist the deformation of the roadway. Through software 

simulation, the distribution of axial force after adopting FRP bolt support after roadway 

excavation is shown in figure 5. Among them, in the two sides of the roadway and the 

roof area, the bolts supported by the two sides of the roadway bear The axial force is 

relatively large and gradually decreases toward the center of the roof of the roadway. 

At the center of the roof of the roadway, the axial force that the bolt bears is the 

smallest and the distribution is relatively uniform; in the single bolt support area Inside, 

the support end close to the excavation of the roadway bears the largest axial force, and 

the maximum value appears at the stress point of the nut and tray of the support end, 

and shows a gradually decreasing trend toward the depth of the surrounding rock; From 

the overall distribution point of view, the axial force borne by the bolt support presents 

a symmetrical distribution with the centerline of the roadway as the axis; from the point 

of view of the force characteristics, the axial force borne by the bolt support process is 

mainly Appears as tensile stress. Through simulation analysis, it can be seen that the 

maximum tensile stress during the support process of Jinshandian Iron Mine reached 

227.3MPa, which did not exceed the pressure range of FRP bolts. At the same time, the 

point with greater pressure is close to the end of the orifice, which reduces the internal 

surrounding rock. Bearing pressure is conducive to bolt support to resist the 

deformation of the surrounding rock wall. 
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Figure 5. Distribution characteristics of axial force of FRP bolt support 

4. Supporting Effect Analysis  

According to the results of numerical simulation analysis, it can be seen that the corner 

between the top plate and the two sides is most prone to deformation and collapse, and 

the corner between the bottom plate and the two sides is most prone to deformation of 

the bottom drum. The axial force is low in the roof position, which is manifested as the 

roof is prone to deformation and collapse. The comprehensive plastic zone and support 

force can be seen. The key areas in the support process are the roadway roof, the angle 

between the roadway roof and the two sides. To avoid collapse, and at the same time, 

we should deal with the accumulation of water on the bottom plate to avoid 

deformation of the bottom drum [11-12]. According to the support parameters of the 

mining roadway in Jinshandian Iron Mine, the simulation analysis shows that the 

current vertical displacement and the horizontal displacement of the two sides of the 

glass fiber reinforced plastic bolt support are shown in figure 6. From top to bottom, 

there are the horizontal displacement of the left side, the horizontal displacement of the 

left top side, the horizontal displacement of the right top side, the horizontal 

displacement of the right side, the vertical displacement of the left top side, the vertical 

displacement of the arch angle and the vertical displacement curve of the dome. 

According to the curve characteristics, it can be seen that the displacement of the two 

sides of the roadway, the top side, the arch angle and the dome are different. The 

displacement of the dome and the arch corner is larger than the deformation of the two 

sides, and the vault shows a vertical displacement. The sides are represented as 

horizontal displacements, where the area with the largest vertical displacement appears 

at the vault position, with a deformation of about 2.81mm; the second is the arch angle 

and the top with a deformation of 2.54mm and 1.59mm, respectively; the area with the 

largest horizontal displacement appears at the top of the vault. The deformation of the 

two gangs is 1.34mm, followed by the junction of the two top gangs with a deformation 

of 0.87mm. It can be seen that the main forms of deformation of the mining roadway in 
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Jinshandian Iron Mine are vertical deformation and horizontal deformation. At the 

same time, the deformation of the roof subsidence is greater than the shrinkage 

deformation of the two sides. 

 

Figure 6. Deformation after FRP bolt support 

According to the on-site support situation of the Jinshandian Iron Mine, the 

displacement monitoring was carried out for 6 months after the support. The 

displacement curves of the roof and the two sides are shown in figure 7. The roof and 

the two sides of the support began to show large deformations after one month. The 

deformation of the roof of the roadway accumulates with time, and the deformation rate 

is gradually increasing. The maximum deformation reaches 450mm, especially for the 

support for about 5 months, the deformation of the roof increases sharply , Field 

observation, the roof collapse phenomenon; the deformation of the two sides of the 

roadway accumulated over time, the deformation rate gradually slowed down, and the 

deformation reached more than 100mm, with the passage of time, the deformation 

amplitude was small, the deformation reached the limit, field observation, Cracks and 

partial collapse appeared in the two sides. 
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Figure 7. Supporting deformation curve  

According to the on-site support monitoring situation, dense support was carried 

out at the collapsed position of the roadway roof, and at the same time reinforced 

support was carried out at the angle between the roof and the two sides, and the two 

sides of the roadway were sprayed with concrete for anchoring, and displacement 

monitoring and support were continued. According to the effect observation, after 6 

months of monitoring, the deformation of the roof did not exceed 200mm, and the 

deformation of the two sides did not exceed 100mm. The overall stability of the 

roadway after support was good. After the optimization of the support, the field 

observation found that the roof Only cracks appear in the broken zone, and the two 

sides have no obvious deformation. The on-site support effect is better, which 

effectively guarantees the safety of the support. 

5. In Conclusion 

Through the numerical simulation and analysis of the support of FRP bolts in the 

roadway of Jinshandian Iron Mine, the following conclusions can be obtained: 

(1) After the roadway is supported, the plastic area of the roof, the bottom plate 

and the center zone of the two sides is small, while the angle between the roof and the 

two sides of the roadway, and the angle between the bottom plate and the two sides is 

larger, and extends to the deep area. The plastic zone of the protective section is 

distributed in a "butterfly shape". 

(2) The axial force suffered during the bolt support process is mainly manifested as 

tensile stress, which presents a symmetrical distribution shape with the centerline of the 

roadway as the axis, and the maximum value appears at the stress point of the nut and 
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the tray at the end of the support. And gradually lower to the depths of the surrounding 

rock. 

(3) The deformation of the roadway is mainly vertical deformation and horizontal 

deformation. The amount of roof subsidence deformation is greater than the shrinkage 

deformation of the two sides, and the cumulative roof deformation rate gradually 

increases with time, while the deformation rate of the two sides tends to be gentle. 

(4) For the roadway with high stress, strengthen the support at the roof and the 

angle between the roof and the two sides, and perform shotcrete anchoring on the two 

sides. The optimized support effect is better, which provides a guarantee for the safety 

of the roadway support. It also provides a reference for other metal mine roadway 

support. 
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