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Due to geological structure and artificial disturbance, a large number of joints and fissures are formed in the surrounding rock of
an underground tunnel. In order to study the influence of joints on the failure characteristics of tunnels, three test schemes with
different joint lengths, joint spacing, and joint positions are designed. The results show that the bearing capacity of the tunnel
decreases with the increase in the joint length. With the increase in joint spacing, the bearing capacity of the tunnel decreases
first and then increases. The crack propagation law of the three test schemes has experienced four stages: no crack, crack
initiation, crack rapid development, and crack gradual reduction. The location of joints has the greatest influence on the failure
mode of the tunnel. The crack is most likely to appear at the top of the tunnel and expand along the joint, mainly because it is
easy to form tensile stress at the top of the tunnel and compressive stress concentration at the joint tip. Therefore, when
excavating the tunnel in the underground space, the influence of joints on the tunnel should be considered. Analyzing the
relationship between the tunnel and joints has important practical guiding significance for the control of the surrounding rock
of the tunnel. Finally, the failure results of the indoor physical model and numerical model are compared and analyzed. They
are in good agreement, which also reflects the rationality of numerical simulation.

1. Introduction

With the development of urban population and economy,
the utilization of underground space is increasing day by
day, and underground engineering is developing on a large
scale. Working in an underground space is mainly aimed at
rock mass materials. A large number of joints and fissures
are formed in underground rock mass due to geological struc-
ture and artificial disturbance. As we all know, joints and fis-
sures as weak planes directly affect the failure characteristics
of rock mass. Therefore, when excavating a tunnel in an
underground space, it is necessary to consider the influence
of joints on the tunnel. Analyzing the position relationship
between the tunnel and joints has important practical guiding
significance for mastering the failure characteristics of the tun-
nel and controlling the surrounding rock of the tunnel.

At present, there have been many achievements in the
research of jointed rock mass. Yang et al. [1] analyzed the

influence of two groups of joints on the failure of rock mass
materials by using artificial rock materials. The anisotropy of
failure strength of rock mass was obtained. Bahaaddini et al.
[2] studied the influence of discontinuous joints on the
mechanical parameters of rock mass. The results show that
the failure mode of rock mass is mainly determined by the
joint direction and step angle, and the joint dip angle is the
parameter that has the greatest influence on the properties
of rock mass. Lin et al. [3] conducted uniaxial compression
tests on physical model samples with different angles of
columnar joints and analyzed the strength characteristics
and deformation modulus of columnar jointed rock mass.
Yang et al. [4, 5] analyzed the failure characteristics and
crack propagation law of discontinuous jointed rock mass
with holes. The influence law of joints on mechanical prop-
erties of rock mass is obtained. In the underground tunnel
research, on the one hand, the deformation and failure of
surrounding rock are analyzed by using the theory of
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elastic-plastic mechanics, and the laws of stress and displace-
ment of surrounding rock are studied [6]. Then it provides a
theoretical basis for the support control of surrounding rock.
On the other hand, the deformation and failure of jointed
tunnels are studied. For example, the influence of blasting
on the failure of tunnel surrounding rock [7], the damage
mechanics, and the elastic-plastic mechanics considering
joints are introduced to solve the surrounding rock [8, 9],
and the stability of tunnel surrounding rock is studied by
the block theory and numerical simulation method [10,
11]. Jia et al. and Wang et al. [12, 13] studied the failure
mechanical characteristics of coal and rock mass by an
acoustic emission test and analyzed the internal failure pro-
cess of coal and rock mass by an acoustic emission signal. Jia
and Tang [14] used RFPA software to study the effects of
layered joint inclination and lateral pressure coefficient on
the stability of a jointed rock tunnel. Hu et al. [15] studied
the effects of different parameters such as lateral pressure
coefficient, joint inclination, and joint spacing on joint
parameters and lining performance by experimental and
numerical simulation methods. In conclusion, there are
few studies on the influence of joint distribution on tunnel
failure. There is a lack of systematic research on the damage
of joint distribution to the tunnel.

Based on the above research, in this paper, the numerical
simulation method is used to systematically study the
jointed rock tunnel, three joint distribution schemes are
designed, and the effects of different joint distribution forms
on the bearing capacity, crack propagation, and failure
model of the tunnel are analyzed, respectively. Finally, the
numerical simulation results and indoor test results are com-
pared and analyzed. The research content is of great signifi-
cance for understanding the failure of the tunnel and
guiding engineering practice.

2. Test Schemes

2.1. Particle Flow Code (PFC) Theory and Parameter
Checking. In order to analyze the influence characteristics
of different joint forms on the failure of tunnel surrounding
rock, particle flow code (PFC) is used to study it. The basic
principles of a discrete element are force displacement law
and Newton’s second law [16]. PFC provides a PB model
to bond dispersion particles. When the external force
exceeds the PB bond strength between particles, the bond
between particles is destroyed and the bond fracture forms
microcracks. A large number of cracks gather and penetrate,
resulting in macrodamage of the material. Sandstone is a
typical cement material, and the failure of rock is also the
place where the bond is weak. The failure process of the
whole rock material is similar to that of the PB model.
Therefore, the PB model can well realize the simulation
analysis of rock materials. Through the built-in fish lan-
guage, PFC can not only count the number of damaged
microcracks but also display whether they are tensile cracks
or shear cracks. It can more intuitively reflect the failure
characteristics of rock. A particle discrete element has been
widely used in many fields since it was proposed. In partic-
ular, a large number of research achievements have been

made in geotechnical engineering [17–22]. Obtaining parti-
cle parameters is the key to PFC simulation. The micro-
scopic parameters of particles do not correspond to the
physical parameters completely, but there is a great correla-
tion. The stiffness ratio mainly affects Poisson’s ratio of rock
materials, the parallel bond tensile strength mainly affects
the tensile strength of materials, and the parallel bond cohe-
sive force mainly affects the compressive strength of mate-
rials. A contact module of the particle and parallel bond
deformation module jointly affect the elastic modulus of
the material. Density is basically the actual density of the
material. Therefore, the microparameters of PFC rock
models are calibrated by simulating the uniaxial compres-
sion experiments. At present, the particle parameters are
mainly obtained through a trial and error test, and the
parameters of the numerical model are continuously
adjusted until the numerical simulation results are consis-
tent with the indoor test results. Finally, the indoor test
and numerical simulation results are shown in Figure 1,
and the particle microparameters are shown in Table 1 [23].

2.2. Test Schemes. Due to the influence of geological struc-
ture and other factors, the distribution of joints in the sur-
rounding rock of the tunnel is complex. In the process of
tunnel excavation, the tunnel and joints form different posi-
tional relations. In order to systematically explore the influ-
ence law of joints on tunnel failure, the influence of three
joint distribution modes on tunnel failure is considered.
The size of these tunnel models is 200mm ðwidthÞ × 200
mm ðheightÞ. Due to the increase in the model scale, the
diameter of particles is appropriately enlarged in order to
reduce the amount of computer calculation. The minimum
particle diameter is 0.8mm, and the maximum particle
diameter is 1.2mm. The particle generation process of each
model is the same. After the model is generated, the micro-
parameters are given according to Table 1. The excavation of
rock mass is completed by deleting particles. The shape of
the tunnel is a straight wall semicircular arch, the radius of
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Figure 1: Stress-strain curves of sandstone based on experimental
and numerical tests [23].
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the circular arch of the tunnel is 25mm, and the size of the
straight wall is 50mm ðwidthÞ × 25mm ðheightÞ. Joints are
added after the tunnel excavation, and the joints form differ-
ent positional relationships with the tunnel. The mechanical
parameters of joints are shown in Table 2. The three
schemes are different joint lengths, the distance between
the joint and the tunnel, and the positional relationship
between the joint and the tunnel.

2.2.1. Different Joint Length Models. In order to study the
influence of borehole length on the tunnel surrounding rock
mass failure, tunnel models with the joint were established
(as shown in Figure 2) and the joint lengths are considered
10mm, 20mm, 30mm, 40mm, and 50mm, respectively.
The joint is located at the foot of the tunnel. And each cor-
responding model is abbreviated as L-10, L-20, L-30, L-40,
and L-50.

2.2.2. Different Spacing between Joints and Tunnel Models. In
order to study the influence of joint spacing on tunnel sur-
rounding rock mass failure, tunnel models with different
joint spacing were established (as shown in Figure 3) and
the spacing is considered 0mm, 10mm, 20mm, 30mm,
40mm, and 50mm, respectively. The joint is located at the
foot of the tunnel. The joint length is 20mm. And each cor-
responding model is abbreviated as S-10, S-10, S-20, S-30, S-
40, and S-50.

2.2.3. Different Joint Location Models. In order to study the
influence of double-joint location on the failure characteris-
tics of tunnel surrounding rock mass, numerical models of
different locations are established, as shown in Figure 4.
Double-joint length is 30mm. The joints are located in the
top and shoulder (T-S), shoulder and waist (S-W), waist
and foot (W-F), foot and bottom (F-B), and bottom and
top (T-B), respectively.

After the joint tunnel model is built, the compression
test is carried out on the model, and the load is applied to
the top wall through displacement control to realize the
loading of the model. The stress, strain, crack count, and
failure mode of the model were monitored during the test.

3. Analysis of Test Results

3.1. Strength Characteristics

3.1.1. Effect of Joint Length on Strength. Figure 5 shows the
stress-strain curve of the tunnel model with different joint
lengths. It can be seen from the figure that when the tunnel
has no joints (intact), the model strength is 52.53MPa.
When the joint length gradually increases from 10mm to
50mm, the tunnel model strength is 49.19MPa, 46.30MPa,
37.81MPa, 37.07MPa, and 33.48MPa, respectively. With
the increase in the joint length, the strength of the tunnel
model decreases gradually, and the strength decreases by
6.3%, 11.8%, 28.1%, 29.4%, and 36.3%, respectively. The
length of joints has a great influence on the bearing capacity
of the tunnel. It is mainly because the joints belong to the
weak plane structure, which reduces the bearing capacity
of the tunnel. Therefore, during excavation, the tunnel shall
avoid passing through long joints as far as possible.

3.1.2. Effect of Spacing between Joints and Tunnel on
Strength. Figure 6 shows the stress-strain curve of the tunnel
model with different joint spacing. It can be seen from the
figure that when the tunnel has no joints (intact), the model
strength is 52.53MPa. When the spacing between joints and
tunnel gradually increases from 0mm to 40mm, the tunnel
model strength is 46.30MPa, 45.23MPa, 46.35MPa,
48.86MPa, and 51.07MPa, respectively. With the increase
in the spacing between joints and tunnels, the strength of
the tunnel model first decreases and then increases, but the
strength is still lower than that of the no-joint model. The
main reason is that the joint affects the bearing capacity of
the tunnel and reduces the strength of the model. With the
increase in the spacing between the joint and the tunnel,
the impact of the joint on the tunnel decreases until it disap-
pears. Therefore, the tunnel shall keep a certain distance
from the joint as far as possible.

3.1.3. Effect of Joint Location on Strength. Figure 7 is stress-
strain curves of models with double-joint location in differ-
ent positions. It can be seen from the figure that when the
double joints are located at the top and shoulder of the tun-
nel, the model strength is 41.42MPa; when the double joints
are located at the shoulder and waist of the tunnel, the model
strength is 44.93MPa; when the double joints are located at
the waist and foot of the tunnel, the model strength is
43.23MPa; when the double joints are located at the foot
and bottom of the tunnel, the model strength is 37.82MPa;
and when the double joints are located at the bottom and
top of the tunnel, the model strength is 41.22MPa. With

Table 1: Microcosmic-mechanical parameters of the model.

Parameter Value Parameter Value

Minimum particle diameter (mm) 0.3 Contact bond gap (mm) 0.05

Maximum particle diameter (mm) 0.5 Density (kg/m3) 2500

Parallel bond tensile strength (MPa) 22 Contact modulus of the particle (GPa) 10.2

Parallel bond cohesive force (MPa) 56.5 Parallel bond deformation modulus (GPa) 16.2

Stiffness ratio 1.51 Porosity 0.1

Table 2: Mechanical parameters of the joint.

Parameter Value Parameter Value

sj_kn (GPa) 1 sj_fric 30

sj_ks (GPa) 0.5 sj_coh 0

sj_large 1 sj_ten 0
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different joint positions, the bearing capacity of the tunnel is
also different. Compared with the jointless model, the bear-
ing capacity of the tunnel is significantly reduced. Except
that the bearing capacity is the lowest when the double joint

is located at the bottom and foot of the tunnel, there is little
difference in the bearing capacity of other models. It is
mainly because the tunnel is easy to form stress concentra-
tion at the bottom corner, and 45° shear failure is easy to
form due to the existence of joints. Therefore, the positional
relationship between joints and tunnel should also be con-
sidered in the process of tunnel excavation.

3.2. Crack Propagation Characteristics

3.2.1. Influence of Joint Length. Figure 8 shows the stress-
crack count curve of models with different joint lengths. It
can be seen from Figure 8 that the distribution law of the
crack count curve of each model is basically similar. The
crack curves have experienced four stages: no crack, crack
initiation, crack rapid development, and crack gradual
reduction. For the intact model (Figure 8(a)), when the
stress is 0-30.1MPa, there is no crack (the stage of OA).
When the stress exceeds 30.1MPa, the crack begins to initi-
ate and a certain number of cracks appear (the stage of AB).
When it is close to the peak stress, the crack begins to
develop and expand, and a large number of cracks gather
(the stage of BC). The crack accumulation leads to the failure
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of the tunnel, the bearing capacity of the tunnel decreases,
and the crack count also decreases, but a certain crack count
is still maintained. Finally, the crack of the sample decreases
gradually and the sample is completely destroyed (the stage
of CD). For the tunnel model with joint length of 10mm,
the initiation stress is 19.6MPa. When the strain is 0.4%,
there is a small fluctuation in the stress-strain curve at the
corresponding position, and the crack count increases
sharply at the position of stress fluctuation. For the tunnel
model with joint length of 20mm, the initiation stress is
10.2MPa. For the tunnel model with joint of 30mm, the ini-
tiation stress is 11.3MPa. When the strain is 0.33%, the
stress fluctuates, mainly because the local bearing capacity
decreases after the crack breaks along the joint. For the tun-
nel model with 40mm joint, the initiation stress is 10.8MPa,
and for the tunnel model with 50mm joint, the initiation
stress is 10.2MPa. Joints affect the initiation time of cracks

in the surrounding rock of the tunnel. The crack distribution
process reflects the failure process of the tunnel.

3.2.2. Influence of Joint Spacing between Joints and Tunnel.
Figure 9 shows the stress-crack counts of models with differ-
ent spacing between joints and tunnel. It can be seen from
Figure 9 that the distribution law of the crack count curve
is basically the same. The crack curves have experienced four
stages: no crack, crack initiation, rapid crack development,
and gradual crack reduction. For the jointless model, the curve
law is the same as that in Figure 8(a). For the tunnel model
with spacing of 0mm, the initiation stress is 10.2MPa, and
for the tunnel model with spacing of 10mm, the initiation
stress is 20.3MPa. For the tunnel model with spacing of
20mm, the initiation stress is 11.8MPa. For the tunnel model
with spacing of 30mm, the initiation stress is 20.8MPa. For
the tunnel model with spacing of 40mm, the initiation stress
is 11.5MPa. The crack initiation time of the jointed tunnel is
less than that of the no-joint tunnel.

3.2.3. Influence of Double-Joint Locations. Figure 10 shows
the stress-crack counts of models with different double-
joint locations. The crack distribution curve shows a similar
evolution law. The crack curves have experienced a similar
evolution process. When the joint is at position T-S, the
crack initiation stress of the model is 14.5MPa, and the
crack counting curve has experienced three peaks. The first
stress fluctuation occurs before the peak stress, which is
mainly due to the crack propagation along the joint direc-
tion when the stress reaches a certain strength. The second
peak stress appears at the position where the strain is
0.45%, which is mainly due to the accumulation of a large
number of cracks and the sharp increase in cracks. The third
time appears at the postpeak position. The initiation stress of
the model at position S-W, position W-F, position F-B, and
position B-T is 14.5MPa, 12.6MPa, 13.1MPa, and
16.7MPa, respectively. The model with the fastest postpeak
stress drop is position S-W, and the total number of cracks
is less than that of other models. The maximum crack count
appears in the B-T model.

3.3. Failure Mode. The failure mode can reflect the fracture
process of the tunnel, and understanding the failure of the
tunnel has important guiding significance for the excavation
of the tunnel. Therefore, the failure characteristics of the
tunnel are analyzed below.

3.3.1. Influence of Joint Length. Figure 11 shows the failure
mode of the tunnel with different joint lengths when the
strength is 0.95 times the postpeak stress. In the model, the
red is the crack distribution, and the black in the lower right
corner is the joint. When it is an intact tunnel, the crack first
starts to initiate at the top and bottom of the tunnel, and
then, the crack extends along the vertical direction. At the
same time, a large number of cracks also appear in the lower
right corner of the tunnel and gradually penetrate. When the
joint length is 10mm, the crack first starts to sprout at the
top of the tunnel and the joint position; then, the top crack
extends along the vertical direction, and the crack at the
joint extends downward along the vertical direction of the
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joint. At the same time, there are cracks on the left and right
sides of the model. When the joint length is 20mm, the
crack first starts to sprout at the top of the tunnel and the
joint position; then, the top crack extends along the vertical
direction, and the crack at the joint extends downward along
the vertical direction of the joint. At the same time, the crack
formed in the lower right corner of the model gradually pen-
etrates with the joint. When the joint length is 30mm, the
crack extends along the top of the tunnel and the joint posi-

tion. The top crack penetrates the tunnel upward, and an
inverted V-shaped crack is formed in the lower right corner.
When the joint length is 40mm, the crack distribution is
similar to that when the joint length is 30mm, but obvious
cracks appear in the arch shoulder of the tunnel, and local
damage appears in the lower left corner. When the joint
length is 50mm, the crack failure starts to sprout and
expand from the spandrel. The tunnel failure is mainly
caused by the penetration of the crack and the joint in the
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Figure 8: Stress-crack count curve of models with different joint lengths.
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lower right corner. With the increase in joint length, the fail-
ure of the tunnel is mainly concentrated in the joint position
at the lower right corner, which is also the main reason for
the decline of the bearing capacity of the tunnel.

3.3.2. Influence of Joint Spacing between Joints and Tunnel.
Figure 12 shows the failure modes of the tunnel with differ-
ent spacing between joints and tunnel. When the spacing S is
0mm, the failure characteristics are the same as in
Figure 11(c). When the spacing S is 10mm, the crack initi-

ates and expands along the top of the tunnel, and the crack
also extends along the lower right corner of the joint to form
a through crack, and the rock bridge between the tunnel and
the joint is damaged. When the spacing S is 20mm and
30mm, some cracks also initiate and expand along the top
of the tunnel, the cracks in the lower right corner extend
along the joint direction, and the damage is mainly concen-
trated in the lower right corner. When the spacing S is
40mm, due to the increase in the spacing between the joint
and the tunnel, the crack extends along the vertical direction
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Figure 9: Stress-crack counts of models with different spacing between joints and tunnel.
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after initiation at the joint position. The rock bridge between
the joint and the tunnel has only a few cracks and is not
damaged. The cracks of the whole model are mainly distrib-
uted in the upper left corner and near the joint. With the
increase in spacing, the influence of joints on the tunnel
decreases gradually.

3.3.3. Influence of Double-Joint Locations. Figure 13 shows
the failure modes of the tunnel with different double-joint
locations. When the double joints are at the position T-S,

the crack propagates along the vertical direction of the top
joint and the direction of the shoulder joint. Crack propaga-
tion also appeared in the lower right corner of the tunnel,
mainly because it is easy to form stress concentration at
the right foot of the tunnel. When the double joints are
located at the position S-W, the crack also propagates along
the joint direction of the shoulder and waist, but the crack
propagation of the shoulder is obviously stronger than that
of the waist, and local failure occurs in the lower left corner
of the tunnel. When the double joints are at the position W-
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Figure 10: Stress-crack count curve of models with double-joint location.
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F, the crack extends vertically along the top of the tunnel,
and the crack extends to the lower right corner along the
joint at the foot. There are few cracks at the arch waist. It

can be seen that the joints at the arch waist have little impact
on the failure of the tunnel, and there is local failure on the
left side of the tunnel. When the double joints are at the

(a) Intact (b) L: 10mm (c) L: 20 mm

(d) L: 30 mm (e) L: 40mm (f) L: 50mm

Figure 11: Failure modes of the tunnel with different joint lengths.

(a) S: 0 mm (b) S: 10mm (c) S: 20mm (d) S: 30mm (e) S: 40mm

Figure 12: Failure characteristics of the tunnel with different borehole spacing.

(a) T-S (b) S-W (c) W-F (d) F-B (e) T-B

Figure 13: Failure characteristics of the tunnel with different double-joint locations.
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position F-B, the crack extends vertically along the top of the
tunnel, along the joint at the arch foot to the lower right cor-
ner, and vertically downward along the joint at the bottom.
When the double joints are located at position T-B, the crack
extends vertically along the top and bottom of the tunnel,
and a large number of cracks appear in the local area of
the tunnel. It can be seen that the existence of cracks directly
affects the failure modes of the tunnel and changes the fail-
ure path of the tunnel.

4. Comparison and Discussion

Joints directly affect the failure characteristics of the sur-
rounding rock of the tunnel. In order to further analyze
the influence of joint distribution on tunnel surrounding
rock, the indoor physical model mechanical test research
on the jointed tunnel has been carried out, as shown in
Figure 14 [24]. The size of the tunnel model is 200mm ð
lengthÞ × 200mm ðheightÞ × 50mm ðthicknessÞ. The tunnel
is straight wall semicircle arch-shaped, and the radius of
the semicircular arch and the length of the straight wall are
both 25mm. The joint length is 20mm. The failure mode
after the compression test of the physical model tunnel is
shown in Figure 14. Figure 14(a) is the intact tunnel failure
mode diagram, and Figure 14(b) is the tunnel failure mode
with the joint at the top, and Figure 14(c) is the tunnel fail-
ure mode with the joint at the foot. Figures 14(d)–14(f)

show the failure modes obtained from the numerical simula-
tion results. It can be seen from the figure that the failure
characteristics of both indoor experiments and numerical
simulation are in good agreement. For the complete tunnel
model, the failure of the tunnel is at the top and bottom,
and the cracks mainly expand along the vertical direction.
However, the indoor test model has obvious block spalling
in the semicircular arch of the tunnel, and cracks extend to
the left and right sides. For the tunnel model with joints at
the top, the cracks extend vertically upward along the joint
direction, and inclined downward cracks appear in the lower
left corner, but some cracks also appear in the lower right
corner of the numerical model. For the tunnel model with
the joint at the foot, the crack first extends along the joint
direction in the lower right corner, and an upward extending
crack appears at the top of the tunnel. However, for the
indoor physical model, the crack also extends vertically
along the joint position, and for the numerical model, the
crack extends along the lower left corner. The crack of the
model is easy to appear at the top of the tunnel and expand
along the joint position. It is mainly because it is easy to
form tensile stress at the top of the tunnel and compressive
stress concentration at the joint tip. Through the compara-
tive analysis, it can be seen that the numerical simulation
can better reflect the failure characteristics of the tunnel. It
is reasonable to study the influence law of complex joint dis-
tribution on the failure of the tunnel by using the numerical

(a) Intact (b) Joint location in the top (c) Joint location in the foot

(d) Intact (e) Joint location in the top (f) Joint location in the foot

Figure 14: Experiment and numerical simulation.
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simulation method. Nevertheless, there is still a certain devi-
ation between the indoor test results and the numerical sim-
ulation, and some factors need to be further considered. For
example, the three-dimensional model is used in the physi-
cal test, while the numerical simulation is two-dimensional.
Considering the running speed of the computer, the particle
size in numerical simulation is larger than that of actual
sandstone. The discreteness of actual rock failure is much
larger than that of numerical simulation samples. Therefore,
more influencing factors should be considered in the future
research to make it more consistent with the reality.

5. Conclusion

In order to study the influence of joints on the failure char-
acteristics of tunnels, three test schemes with different joint
lengths, joint spacing, and joint positions are designed. The
conclusions are as follows:

(1) The bearing capacity of the tunnel decreases with the
increase in the joint length. The length of joints has a
great influence on the bearing capacity of the tunnel.
With the increase in joint spacing, the bearing capac-
ity of the tunnel decreases first and then increases.
With different joint positions, the bearing capacity
of the tunnel is also different. When the double joint
is located in B-F, the bearing capacity of the tunnel is
the lowest

(2) The distribution law of the crack count curve of each
model is basically similar. The crack curves have
experienced four stages. In the first stage, the stress
is small and there is no crack. In the second stage,
cracks appear with the increase in stress. In the third
stage, with the further increase in stress, a large num-
ber of cracks gather and expand. In the fourth stage,
the sample is damaged and the cracks are gradually
reduced

(3) With the increase in joint length, the failure of the
tunnel is mainly concentrated in the joint position
at the lower right corner. With the increase in spac-
ing, the influence of joints on the tunnel decreases
gradually. The existence of cracks directly affects
the failure modes of the tunnel and changes the fail-
ure path of the tunnel. The crack is most likely to
appear at the top of the tunnel and expand along
the joint. Analyzing the relationship between the
tunnel and joints has important practical guiding
significance for the control of the surrounding rock
of the tunnel
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