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Abstract
Deformation failure of roadways in fractured rock can lead to large-volume collapse and other engineering accidents. Failure 
mechanisms in fractured rock are complex and poorly understood, so to explore this issue, we simulated fractured rock masses 
using physical model tests in combination with numerical computations. A set of experimental techniques for roadway exca-
vation under jointed surrounding rock included a mixed pouring–bricking method and a roadway excavation device, which 
can reproduce the structural characteristics of the prototype and replicate the excavation conditions of the roadway. Stress 
distribution characteristics of the roadway, from loading to excavation, were obtained based on strain monitoring and image 
acquisition, and the process of roadway deformation and failure was described in detail. A series of numerical simulations 
were conducted to investigate the deformation failure mechanisms of roadways under different excavation conditions. Results 
indicate that the deformation failure modes of roadways including collapse, rock burst, and floor heaving that were similar 
regardless of depth. Deformation failure modes of the roadway were determined by rock mass structure, and the deformation 
intensity was determined by geo-stress. Model testing and numerical simulation were consistent; hence, findings provide a 
theoretical basis and technical guidance for roadway engineering in fractured rock masses.
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Introduction

Roadways are the lifeline of successful mining projects 
because they are critical for personnel operation, infrastruc-
ture construction, and ore transportation. With greater min-
ing depth, roadways may deteriorate and result in a series 
of engineering disasters, such as large deformation of rock 
mass, long-time rheology of roadway, roof collapse, floor 
uplift, and rock burst, which become increasingly serious 
(Ren et al. 2020). It is especially difficult to apply the defor-
mation failure law for fractured rock bodies, and to engineer 
efficient support modes for safe and cost effective projects.

Roadway deformation and stability research mainly rely 
on field investigation, theoretical analysis, numerical simula-
tion, and physical model tests. However, it is expensive and 
laborious to conduct a detailed field investigation because 
there are numerous factors affecting deformation in a com-
plex fractured rock body (Xu et al. 2019). An extreme sim-
plification and a number of assumptions are unavoidable 
for the prototype before the theoretical analysis, and it is 
very difficult to describe engineering-scale problems with 
mathematical models (Tu et al. 2018). In contrast, physical 
experiments can replicate the whole process from elastic-
ity deformation to destruction under complex conditions. 
However, numerical techniques that are characterized by 
economy and high efficiency have made great progress, 
and the simulation results can be mutually verified with the 
experimental results (Shreedharan et al. 2016).

In recent years, a large number of physical model tests 
have been conducted to examine the deformation failure laws 
of roadway under different excavation conditions. Hendron 
et al. (1972) studied the mechanical behavior of jointed rock 
roadway under static load. Norman (1981) used a small brit-
tle model to study the deformation failure mechanism of 
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coal mine roadway. Lee and Schubert (2008) conducted 
experimental research on the deformation failure mecha-
nism of soft rock roadway surface. Gou et al. (2009) built 
two physical models based on the self-developed model test 
system and discussed roadway deformation failure under 
different horizontal stresses. These studies showed that the 
roof and floor of the roadway are the key supporting parts. 
He et al. (2009) combined infrared thermal imaging system 
with physical model test to study the impact of strata dip 
angle and temperature in the excavation process of mining 
roadway. Zhang et al. (2010) evaluated deformation charac-
teristics, fracture evolution process, and displacement distri-
bution of an inclined and layered surrounding rock roadway 
under different stress conditions, and proposed an optimal 
support method. Huang et al. (2013) investigated the role 
of soft structural planes in the roadway deformation failure 
process, and put forward several different failure modes. Li 
et al. (2015) studied the special working condition of a deep 
thick coal roadway and revealed the distribution characteris-
tics of surrounding rock displacement and stress in the whole 
excavation process.

Fakhimi et al. (2002) and Wang et al. (2003) used Par-
ticle Flow Code (PFC) to simulate deformation failure of 
circular roadways after excavation. Cai et al. (2007) obtained 
acoustic emission characteristics of surrounding rock dur-
ing excavation in large underground engineering projects. 
An and Tannant (2007) discussed the deformation failure 
characteristics of roadway under dynamic loading. Wang 
and Tian (2018) analyzed the failure mechanical mecha-
nism and crack evolution process of surrounding rock mass 
in coal strata under different conditions. Liu et al. (2019) 
established a horseshoe-shaped roadway model, compared 
the distribution of force chain, displacement and strain in 
the model results, and proposed four zones in the roadway 
deformation process.

However, in the previous studies, most of the research 
objects were homogeneous structures or layered structures, 
and there are few studies on the excavation of roadways 
having multiple groups of cross joints in the surrounding 
rock. In this case study of the fractured roadway tunnels in 
Jinchuan nickel mine, China, we perform a physical model 
test and a numerical simulation calculation with the objec-
tives being to obtain displacement and strain distribution 
laws, simulate the deformation failure process of fractured 
roadways, and analyze deformation failure mechanisms of 
roadways under different excavation conditions.

Physical model test

A physical model test is an important method for study-
ing complex engineering geological problems, because the 
physical model can be used to simulate deformation from 

elasticity to plasticity and replicate the whole destruction 
process in a laboratory experiment.

Simulation prototype

Jinchuan is the largest nickel producing mine in China, with 
thick and deeply buried ore bodies as shown in Fig. 1. The 
mining area is located in Hexi Corridor, where tectonic 
movement is intense, ground stress is high, the rock mass is 
fractured, and joints and fissures are abundant. The average 
altitude of surface in the mining area is about + 1750 m. At 
present, the underground infrastructure has reached + 700 m 
and is buried more than 1000 m. A downward filling min-
ing method is adopted in the Jinchuan Mine. Because of 
complex engineering geological conditions, roadway repair 
increased from 3200 m in 1999 to 18,423 m in 2019, which 
affected the economic benefits of the mine and safety of 
underground workers (Hui et al. 2019; Lu et al. 2018, 2020).

The dimensions of the horseshoe-shaped roadway were 
4.5 × 4.5 m, as shown in Fig. 2. The engineering geological 
data in the study mine showed that the typical surrounding 
rock mass was rhombic marble with two sets of intersect-
ing joints. The strike of the two sets of structural planes 
was nearly perpendicular, the inclination ranged from 30° 
to 60°, and the rock stratum thickness was about 0.5–1.5 m. 
The deformation failure in the surrounding rock mass was 
mainly controlled by the structural plane, and was unstable. 
Thus, the roadway under this type of surrounding rock mass 
was selected as the prototype in this test.

Similarity relation

Physical experiments require a similarity between the model 
and the prototype. However, because of high demands 
on materials, equipment, and technology, it is difficult to 
achieve complete similarity. Therefore, in general, several 
important indicators are selected according to the purpose 

Fig. 1  Engineering geological background of the Jinchuan Mine
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of the study. The ratio of the same dimensional quantities in 
the prototype and model was used as a similarity constant, 
which is indicated by the letter C.

Considering the influence of excavation stress, boundary 
conditions, and laboratory infrastructures, the dimensions of 
the physical model were 105 × 105 × 20 cm and the roadway 
diameter was 15 cm. Thus, the geometry similarity constant 
Cl is 30, and other basic physical quantities were calculated 
in accordance with the law of Buckingham π theorem, as 
shown in Table 1 (Sun et al. 2017).

A crucial part of a large-scale physical model test is 
quickly and accurately determining the ratio of similar mate-
rials. Most of the roadways in the study area are distributed 
in the marble rock mass on both sides of the ore body, and 
the physical and mechanical parameters of the intact mar-
ble rock and marble rock mass are shown in Table 2. River 
sand, cement, and gypsum were adopted as the raw materi-
als to reduce the test cost, simplify the test procedures, and 
fully utilize the properties of raw materials. Then, a series of 
comparative tests with bone glue ratio and water–paste ratio 
as variables were conducted (Fig. 3). Experimental results 
indicate that the ratio A6 (river sand:cement = 4:1) and ratio 
C6 (river sand:cement:gypsum = 8:1:1) match intact marble 
and marble rock mass, as shown in Tables 2, 3 (Li et al. 
2020a, b, c).

Model building

A physical model test is important for studying roadway 
stability; however, it is difficult to build similar models for 
jointed rock masses. Therefore, a set of physical model test 
methods was designed for roadway excavation under jointed 
surrounding rock.

For roadways excavated in the jointed surrounding rock 
mass, a mixed pouring–bricking method was designed. Pour-
ing was adopted in the inner ring of the model, and brick-
ing was used in the outer ring, which reflects the structural 
characteristics of jointed surrounding rocks and improves 
test efficiency (Fig. 4).

The joint spacing of rhombic rock masses is 0.5–1.5 m 
and the dip angle is 30°–60° in the study area; thus, 
the block was designed as 4 × 4 × 20  cm based on the 

Fig. 2  Typical roadway section in Jinchuan mining area

Table 1  Physical and mechanics parameters of the rock and rock 
mass

Physical quantity Similarity relation Simi-
larity 
constant

Geometry (key constant) Cl 30
Density (key constant) Cρ 1.6
Displacement (key constant) CD 30
Poisson’s ratio Cμ = 1 1
Elasticity modulus CE = CρCl 48
Strain Cε = CρCl/CE 1
Stress Cσ = ClCγ 48
Internal friction angle Cφ = 1 1
Cohesion Cc = CρCl 48
Time Ct = Cl(Cρ/CE)1/2 5.48

Table 2  Physical and mechanics parameters of rock mass and similar material

Lithology Type Density 
(g·cm−3)

Tensile 
strength 
(MPa)

Compres-
sive strength 
(MPa)

Cohesion 
(MPa)

Internal 
friction 
angle (°)

Elastic moduli 
(GPa)

Poisson’s ratio

Intact marble 
rock

Measured 
value

2.80–3.00 6.90–12.20 96.00–152.00 13.5–22.5 35–45 64–124 0.22–0.32

Design value 1.75–1.88 0.14–0.25 2.00–3.29 0.28–0.47 35–45 0.88–2.58 0.22–0.32
Ratio A6 1.82 0.43 2.62 0.24 27 0.42 0.26

Marble rock 
mass

Measured 
value

2.60–2.80 0.80–1.40 18.60–32.40 0.70–6.50 25–35 6–12 0.18–0.26

Design value 1.63–1.75 0.02–0.03 0.39–0.68 0.04–0.14 25–35 0.13–0.25 0.18–0.26
Ratio C6 1.75 0.18 1.42 0.14 25 0.26 0.23
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simulation theory. A polypropylene plastic mold, that is 
light and easy to demold, was made to save cost and real-
ize mass production. After several steps including stirring, 
stuffing, scraping, stripping, and curing, the production 
of block is completed, and part of the building blocks is 
shown in Fig. 5.

Figure 6 shows the model building process. The outer sur-
rounding of the model is made of similar material according 
to the parameters of the marble rock mass, which is com-
pact and uniform. The material can effectively transfer stress 
and is conducive to observing the fracture development on 
the surrounding rock mass. The internal block of the model 
is made of similar material according to the intact marble 
rock, and the joints in the surrounding rock mass are clearly 

visible, which can reproduce the structural characteristics 
of the prototype.

In mining engineering, roadways roadway have to be 
excavated under the action of high in-situ stress. However, 
it is not easy to simulate the excavation under loading in the 
laboratory test. Thus, a roadway excavation device was inde-
pendently developed based on embedded mold and spiral 

Fig. 3  Parts of the samples (Li 
et al. 2020a, b, c)

Table 3  Mechanics parameters of the structural plane

Type Cohesion (MPa) Friction angle (°)

Structural plane 0.04–0.10 27–29

Fig. 4  Model section diagram

Fig. 5  Building blocks

Fig. 6  Model building process
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traction to form a roadway that would only slightly disturb 
the model. The embedded mold is made according to the 
design size of the excavated roadway, and the material is 
cast iron with sufficient stiffness, as shown in Fig. 7a. A 
nut was embedded in the middle of the mold to match the 
mold removal device. Through spiral traction, the embedded 
mold can be pulled out slowly, which is in accordance with 
the practice of a step-by-step excavation that only slightly 
disturbs the model, as shown in Fig. 7b.

Data collection

The experiment was recorded by two digital cameras, one 
of which took photos at regular intervals, and another one 
recorded the whole process. Strain gauges were installed on 
the back of the model to allow for observation of deforma-
tion failure on the model front. Four measuring lines includ-
ing 20 gauges were set on the roof, floor, and two sides, as 
shown in Fig. 8.

Loading mode

The model was loaded by a self-developed hydraulic servo 
comprehensive experimental platform that consisted of three 
parts: model box, loading system, and control system, as 
shown in Fig. 9. The loading system was controlled using a 

computer, with a maximum of 300 kN loading force in the 
horizontal and vertical directions.

According to the actual ground stress conditions in the 
study area, the horizontal and vertical ground stresses were 
set as 40 MPa and 30 MPa, respectively. Based on the simi-
larity relation, the horizontal force was 175 kN, and the ver-
tical force was 131 kN. Multi-stage loading was adopted, 
and the interval between the two adjacent loadings was five 
minutes. After the loading process finished, the force was 
maintained for about 10 min. When the stresses on each 
measuring point inside the model tended to be stable and 
balanced, the roadway was excavated. The loading speed 
was 0.1 kN/s, as shown in Fig. 10.

Physical simulation results analysis

Real-time monitoring was conducted during model load-
ing and excavation based on the strain gauges. Four strain 

Fig. 7  Roadway excavation device; a embedded mold and b mold 
removal device

Fig. 8  Data collection devices; a design of the strain gauges and b 
image of the data collection devices

Fig. 9  Self-developed hydraulic servo comprehensive experimental 
platform

Fig. 10  Loading curves
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measuring lines were arranged on the roof, floor, and two 
sides of the roadway, with a total of 20 measuring points. 
The measuring point, R5, on the right side was destroyed 
during the experiment, so only 19 points were recorded, as 
shown in Fig. 11.

When the model is loaded, the strain data of the sensors 
are collected, as shown in Fig. 11. Strain data were col-
lected for about 120 times in the test, and ‘Data Collection 
Times’ is the number of times of data collection. The strain 
gauge was sensitive and fragile and was easily disturbed 
in the test. Therefore, the shape of each curve, shown in 
Fig. 11, was irregular. All the points on the model showed 
compressive strain initially, which was the result of the pre-
loading and the model pressure stress. At about the 69th 
sampling, the surrounding rock of the roadway had deforma-
tion space because of the excavation, and the compressive 
strain changed into tensile strain, which was also the main 
cause of roadway deformation and failure.

The four strain curves indicate that the strain value 
and deformation trend on the roof and floor were consist-
ent. The maximum compressive strain was about 400, and 
the maximum tensile strain was about 1200. The pressure 
strain response time of the measuring points on the roof 
was earlier, which was induced by top loading. The strain 

distribution differed for the left and right sides. Responses 
of the measuring points on the left side were not substantial 
in the pressure strain stage, with compressive strain value 
of measuring point L1 being the only one to exceed 200; 
however, the value in the tensile strain stage was greater than 
1200. Measuring points on the right side showed compres-
sive strain, but tensile strain of about 500 was relatively low. 
The asymmetry of strain was related to the boundary effect 
of the model.

During the pressure strain stage, the outermost measure-
ment point 5 generally responded first, which was deter-
mined by the stress propagation path in the model. The ten-
sile strain was higher for measuring points closer to the goaf, 
which was consistent with the distribution characteristics of 
the loose zone in the actual engineering (Li et al. 2020a, b, 
c). Because the roadway was excavated from front to back 
and the strain gauges were glued on the back face of the 
model, the front part of the curve fluctuated as a result of 
excavation disturbance.

The entire process was recorded in the test including 
roadway excavation, deformation, and failure. Semi-circular 
arch sections were the first to deform on the two straight wall 
feet and the floor, because they were more prone to stress 
concentration, as shown in Fig. 12a. Figure 12b indicates 

Fig. 11  Strain gauge monitoring data. Data Collection Time: the number of times of data collection
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that local failure appeared at the two sides and roof. With 
continuous increase of the deformation, rock blocks fell 
from the roof, and tensile cracks along the roadway trend 
were developed on the arch shoulders and springing line, 
as shown in Fig. 12c and d. Next, the deformation on the 
roof extended to the deeper zone and the falling blocks were 
more serious. Collapse of this scale would seriously threaten 
the safety of construction workers in an actual project. Fig-
ure 12e and f showed apparent floor heaving, with serious 
cracking and swelling of the roadway, which was similar to 
the phenomenon in the field investigation. At later times, a 
dislocation occurred under the action of horizontal stress, so 
that a pointed or peach section was formed and the roadway 
roof was divided into two parts along a longitudinal crack. 
Floor heaving gradually affected the deeper rock mass, and 
an independent wedge uplift was developed on the floor. 
Fractures on the two sides constantly expanded, and deep 
surrounding rocks turned over and squeezed inward to the 
free face, as shown in Fig. 12g. Figure 12h presented the 
final state of the roadway at the end of the test. The sur-
rounding rock collapse on the roof was serious and peach 
roof was formed because of rock mass displacement; the 
floor heaving was obvious, the amount of uplift was large, 
and the affected zone was wide; several considerable scale 
tensile cracks were developed on the two sides, which 
became the breakthroughs of the surrounding rock con-
verged into the excavated area.

Roadways in the research area experienced severe defor-
mation failure under the condition of no support, and the 
roadways could not be put into normal service with reason-
able support methods. In early stage of the excavation, a 
timely primary support, such as bolt net and spraying, was 
able to limit the stress concentration deformation and col-
lapse. Then, after a proper pressure relief, a secondary sup-
port including bolts, grouting, and rigid support could be 
adopted to limit the radial displacement and fully mobilize 

the self-bearing capacity of the surrounding rock mass. 
Finally, rigid supports were used to restrain creep of sur-
rounding rock mass and ensure long-term stability of the 
roadway.

Numerical simulation

Discrete element method (DEM) numerical simulations 
were performed to further study the deformation failure 
mechanisms of roadways in fractured rock mass and to ver-
ify the results of the physical model test. DEM was suitable 
for the simulation of rock mass which was anisotropic and 
nonlinear (Bai and Tu 2020) using  PFC2D software (Itasca 
2008).  PFC2D was selected for this because it represents the 
rock masses with the following characteristics:

1. Particle combinations interact with each other through 
boundary contact intrusion.

2. Interaction between the elements can reflect the discon-
tinuity of a rock mass and the characteristics of common 
occurrence of joints.

3. Iterative calculations are adopted and large displacement 
and rotation are allowed.

Numerical simulation model

The numerical simulation model with size of 30 × 30 m was 
constructed based on the roadway size in Jinchuan mine, 
as shown in Fig. 13. The excavated roadway was a semi-
circular arch with a height of 4.5 m and a width of 4.5 m. 
There were 39,402 particles with a diameter of 6–10 cm 
and 70 structural planes whose inclination angle was 45° 
and spacing was 1.2 m. A parallel bond model (PBM) was 
selected, which was suitable for the mechanical analysis of 
rock materials (Liu et al. 2020).

Fig. 12  Process of the roadway 
deformation failure; a deforma-
tion on the wall foot and floor; 
b failure appeared at the two 
sides and roof; c falling blocks 
from the roof and cracks on the 
sides; d tensile cracks on the 
arch shoulders and springing 
line; e serious collapse; f floor 
heaving; g development of the 
deformation failure; and h final 
state of the roadway
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The PFC model does not permit direct adoption of the 
macroscopic mechanical parameters of the rock mass, so 
a calibration model for micromechanical parameters was 
necessary. Rock parameters and structural plane param-
eters were grouped and calibrated in this study. Therefore, 
uniaxial compression tests were conducted on intact rock 
specimens and rock specimens with structural planes in the 
study area. Through repeated simulation calculations, the 
microscopic parameters shown in Table 4 were obtained, and 
the experimental comparison was shown in Fig. 14.

Servo loading was applied around the model, and geo-
stresses of three different depths were adopted in the numeri-
cal calculation, as shown in Table 5.

Numerical simulation results analysis

Based on the numerical model construction approach intro-
duced above, three roadway models in fractured rock mass 
were developed under different in situ stress with results 
of the numerical simulation shown in Fig. 15. For road-
ways in fractured rock mass, several groups of intersecting 
structural planes were developed in the surrounding rock, 
cutting the rock mass into independent blocks, which had 

Fig. 13  The numerical simulation model

Table 4  Microscopic parameters in PFC (Li et al. 2021)

Type Parameter Magnitude Parameter Magnitude

Particles Density (kg/m3) 2500 Young’s modulus of particle (GPa) 20
Minimum particle radius (mm) 60 Ratio of normal to shear stiffness 2
Ratio of maximum to minimum particle radius 1.67 Friction coefficient 0.5

Parallel Bond Young’s modulus of particle (GPa) 20 Cohesion (MPa) 20
Ratio of normal to shear stiffness 1 Internal friction angle (°) 25
Tensile strength (MPa) 20 Bond radius multiplier 1.5

Structural Planes Cohesion (MPa) 0.1 Tensile strength (MPa) 0.1
Internal friction angle (°) 25 Tensile strength 1

Fig. 14  Calibration results (Li et al. 2021); a intact rock and b rock with structural plane



Environmental Earth Sciences (2022) 81:243 

1 3

Page 9 of 11 243

the tendency to slide along the joint planes. Deformation 
failure modes, mainly including collapse, rock burst, and 
floor heaving, were similar for roadways of various depths. 
The wedge blocks located on the right side and roof were 
extremely unstable, which would break away from the deep 
surrounding rock as soon as the free surface appeared. If 
the ground stress was low, the block slid toward the goaf 
along the structure planes. Instead, the block was thrown to 
develop a rock burst or collapse. Blocks on the left side were 
relatively stable, the surrounding rock was squeezed into the 
goaf with the deformation increasing, forming side crack-
ing and rib spalling. Blocks located on the floor were easily 

uplifted under the action of in-situ stress, which led to mul-
tiple or partial floor heaves. Roadway deformation became 
more violent and rapid with higher ground stress. Thus, the 
structure of surrounding rock determined the deformation 
mode and the geo-stress determined the deformation inten-
sity of roadways.

Displacements on the roof, floor, and two sides of the 
roadways were recorded, with results shown in Fig. 16.

Total amount and speed of deformation was higher when 
there was higher ground stress, shown in Fig. 16. Deforma-
tions on the left side and floor of the roadway with a buried 
depth of 550 m were greater, exceeding 20 cm, while the 
deformations on the right side and roof were lesser, at about 
10 cm. Deformation growth rate of each position gradually 
slowed down and the roadway was stable at the end of the 
simulation. In the roadway with a depth of 750 m, the defor-
mation on the left side exceeded 75 cm, the right side and 
floor exceeded 30 cm, and the roof exceeded 15 cm, which 
increased with varying degrees. Because of the more unsta-
ble block combination, the left side had the fastest growth, 

Table 5  Geo-stress applied in PFC

Depth (m) σV (MPa) σH (MPa)

550 10 20
750 20 30
1000 30 40

Fig. 15  Results of the numerical 
simulation

Fig. 16  Displacement–time step curves on important positions of the roadway
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while the other parts were all individual block movement. 
Under the buried depth of 1000 m, the deformation law of 
each position only slightly changed. The deformation on the 
left side exceeded 100 cm, and the floor and right side were 
close to 100 cm. Each position rapidly deformed when the 
simulated depths were 750 m and 1000 m, especially when 
the buried depth was 1000 m, because most of the roadway 
section was occupied by surrounding rocks.

Conclusion

The following conclusions are drawn from a comprehensive 
comparative analysis of the physical model tests and numeri-
cal simulations:

1. A mixed pouring–bricking method most accurately rep-
resents the fractured rock failure mechanisms. Pouring 
was adopted in the inner ring of the model, and bricking 
was used in the outer ring, which can not only reflect the 
structural characteristics of jointed surrounding rocks, 
but also improve the test efficiency. A roadway excava-
tion device (based on an embedded mold) and spiral 
traction were independently developed to represent the 
roadway in a model. The physical model based on the 
roadway in the Jinchuan mining area can truly repro-
duce the structural characteristics of the prototype and 
fully replicate the excavation conditions of the roadway, 
which proves the higher practicability and efficiency of 
the method. This provides a technical reference for the 
design and production of similar model experiments.

2. Deformation failure processes of the fractured rock mass 
roadways with semi-circular arch section were repli-
cated. The deformation initially occurred on the two 
straight wall feet and the floor. Then, failure appeared 
at the two sides, blocks fell from the roof, and tensile 
cracks developed along the roadway trend with con-
tinuous increase of the deformation. Additionally, the 
floor of the roadway cracked and swelled, and the floor 
gradually heaved, which affected the deeper rock mass. 
Finally, a peach roof was formed and several consider-
able scale tensile cracks developed on the two sides, 
which became the breakthroughs of the surrounding 
rock converging into the excavated zone.

3. Deformation failure modes of roadways were similar 
regardless of depths, which mainly included collapse, 
rock burst, and floor heaving. Roadway deformation 
became more violent and rapid with the increase of 
ground stress. The structure of surrounding rock deter-
mined the deformation mode and the geo-stress deter-
mined the deformation intensity of roadways. Roadway 
construction in complex geological environments, such 
as fractured rock masses, requires support technology. 

A timely first support was needed to prevent initial col-
lapse and rock burst, but a rigid support to ensure the 
long-term stability of the roadway was also needed.

This study performs experimental research on the defor-
mation failure processes of roadway tunnels in fractured rock 
masses that are induced by mining excavation. Although 
several meaningful observations are made, there are still 
some limitations, as follows. (1) Because the drying time of 
the physical model test was so long (due to the constraints 
of the COVID-19 pandemic), the bond strength between 
blocks was high and resulted in the experiment failing to 
fully reflect the discontinuity action. (2) The structure plane 
parameters were not accurately calibrated in the numerical 
model, so the structural planes were simplified and differed 
from the actual rock mass structure. In the future, the model 
can be optimized according to the actual observed joint frac-
ture distribution to truly reflect the deformation failure char-
acteristics of roadway surrounding rock. (3) Both physical 
and simulation tests were two-dimensional representations 
of the system, ignoring the influence of one horizontal in-
situ stress, and three-dimensional tests should be supple-
mented in future studies.
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