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+e underground structure that crosses the active fault will cause more serious damage under the dislocation of the active fault.
Relying on an actual tunnel in the southwest mountainous area to establish a three-dimensional finite element model, the failure
mechanism of the tunnel under strike-slip and thrust fault dislocation is revealed from the lining deformation, stress distribution,
and plastic zone distribution, and the results show that the damage range of the lining distributes in the area of the fracture and the
damage effect is greatly affected by themovement amount of the active fault.+e lining damage under the active fault dislocation is
mainly tensile damage, while the lining under the thrust fault dislocation shows compression damage on both sides of the fracture
when there is a fracture with a large dip angle. +e development range of plastic zone is positively correlated with the dip angle of
the fracture and the amount of movement, and the development range is negatively correlated with the dip angle of the fracture
and positively correlated with the amount of dislocation. +e plastic zone range can be predicted, and the key monitoring range
can be set according to the movement form of the active fault, the dip angle of the fracture zone, and the amount of
fault movement.

1. Introduction

+e underground structure has better seismic performance
than the above-ground structure due to the restriction of the
surrounding rock, but for the tunnel structure that crosses
the fault, the degree of earthquake damage will be greatly
increased [1–6], and the main reason is that the active fault
movement causes the tunnel lining to collapse, which causes
substantial economic losses. Relevant regulations [7] stip-
ulate that, to prevent structural damage caused by fault
movement, the site selection of buildings should avoid active
faults. However, the geological conditions in southwest area
of China are relatively complex, and active faults are widely
distributed. With the implementation of the Western De-
velopment strategy and the development of the “One Belt,
One Road” policy, the design and planning of engineering
routes are more inclined to functional requirements, which

has increasingly led to the fact that tunnels inevitably cross a
large number of faults [8–10].

For tunnels crossing the active fault, domestic and
overseas experts have done a lot of research in the fields of
model testing, numerical simulation, and statistical analysis.
In the field of statistical analysis and research, Toeher [11]
used statistical regression methods to establish a statistical
relationship between the magnitude of the earthquake and
the length of the surface rupture caused by the active fault
based on the seismic damage data. Matsuda Tokihiko [12]
calculated multiple sets of Japanese earthquake record data
and established a statistical relationship between magnitude
and surface rupture based on the length of the surface
rupture zone caused by an earthquake. In the field of model
test analysis, Geng et al. [13] used shaking table tests to study
the dynamic response of tunnels traversing fault zones under
earthquake action and proposed a reasonable fortification
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length of fault-moving tunnels at a specific dip. Liu et al. [14]
studied the force characteristics of the lining under the
earthquake action and the acceleration amplification effect
by controlling the test materials, the similarity ratio, and
other parameters through the shaking table comparison test
through the fault and, based on this, studied the develop-
ment of tunnel cracks. Xin [15] carried out seismic shaking
table tests on the seismic damage mechanism of the tunnel
structure, studied the antivibration effect of the tunnel
crossing fault, and established the time history evolution law
of the tunnel and surrounding rock model damage. In the
field of numerical simulation, Zhou et al. [6] established a
three-dimensional finite element model using FLAC3D
relying on the tunnel actually traversing the strike-slip fault,
studied the mechanical effects of the tunnel lining under the
movement of the strike-slip fault, explored the dynamic
response law of the tunnel under the action of seismic wave,
and obtained the antidistortion and seismic fortification
length. Ramaneharla and Meguro [16] used the Applied
Element Method and finite element calculation method to
simulate and analyze the response of the overlying soil under
the action of a tilt-slip fault and found that the greater the
amount of bedrock movement, the greater the surface
movement produced, and the more developed the soil
fractures in high-stress areas. Huang et al. [17–19] make a
two-dimensional time-history analysis of the selected soil-
tunnel shape through numerical parameter studies and
determined the optimal intensity measure in the probabi-
listic seismic demand model of circular tunnel in soft soil.

+e above studies are of important guiding significance
for the construction of tunnels crossing the active fault zone,
but there are still some deficiencies. Limited by the research
conditions at this stage, the data required for statistical
analysis is substantial and complex.+e size of themodel test
is generally small, and there are few studies considering the
longitudinal direction of the tunnel. Numerical simulation
of structural constitutive relationship mostly adopts elas-
toplastic constitutive, which lacks the analysis of the damage
structure of tunnel lining.

Relying on an actual tunnel in China, and using ABA-
QUS to establish a three-dimensional finite element model,
this paper studies the failure of the tunnel lining under two
fault movements, strike-slip and thrust under different fault
angles and different dislocation amount of active fault, and
reveals the failure mechanism of the lining from the three
aspects of displacement and deformation, stress distribution,
and the development of the plastic zone along the longi-
tudinal lining of the tunnel, to provide a reference for the
actual tunnel engineering through the active fault.

2. Finite Element Numerical Model
Establishment and Parameter Selection

Relying on a domestic actual tunnel project, this paper
established three-dimensional finite element models of
different dip angles and different fault dislocations under
strike-slip and thrust fault based on the finite element
analysis software ABAQUS. According to the survey data, in
the early stage of the project, the width of the model fracture

is 40m, and the model is established by taking 180m before
and after the fracture. Since the shape of the tunnel in the
actual project is not a perfect circle, the cross-sectional shape
of the tunnel is drawn using a five-center circle, with the
maximum inner diameter of 10m, the lining wall thickness
of 0.5m, and the buried depth of 28m. According to the
current experience in tunnel construction, it is believed that
the transverse section size should be 5–10 times the tunnel
section size. After 5 times, the artificial boundary will have
little effect on the calculation results [20]. +erefore, the
cross-sectional size of the model is set to 7 times the
maximum size of the tunnel. +e size of the model is 400m
(length)× 70m (width) × 70m (height), and the schematic
diagram of the calculation model is shown in Figure 1.

Fault dislocation is realized by constraining the boundary
conditions of the foot wall area and applying displacement
loads to the hanging wall. Considering the most disadvan-
tageous effects, when the fault movement rate is low, the
overlying soil will undergo sufficient deformation, which will
lead to themaximum damage caused by the fault to the tunnel
[21–23].+erefore, the rate at which the fault starts to move is
set to 0.1m/s. After a certain level, the rate of fault movement
increases to give the soil sufficient time to deform.

Although the actual soil is a heterogeneous semi-infinite
space, in order to truly simulate the failure process of tunnel
lining under active fault dislocation, the model soil layer is
assumed to be an ideal elastoplastic material, and the
Mohr–Coulomb constitutive is adopted. +e soil layer pa-
rameters are set according to the actual engineering survey
results, as shown in Table 1.+e material of the tunnel lining
is C55 concrete, and the concrete damage plastic constitutive
is adopted in the model. According to the relevant speci-
fications [24], the elastic-plastic stress-strain relationship of
lining concrete is defined, and the specific parameters of
lining are shown in Table 2. Considering the difference in
material properties between the tunnel lining and the sur-
rounding rock and soil, the contact between the two is set as
friction, and the friction coefficient is 0.4 [25].

+e simulation analysis is divided into three steps. Firstly,
the unexcavated rock and soil are balanced by the initial ground
stress, so that there is no stress disturbance and deformation
under the action of its own weight; that is, the long-term
consolidation and deposition of the soil are simulated. Sec-
ondly, to simulate the tunnel excavation and lining con-
struction, the surrounding rock loads all act on the lining, and
the lining is not allowed to deform. Finally, the displacement
load is applied, the restraint of the boundary around the
hanging wall is released, the load along the angle of the fracture
zone is applied, and the restraint of the foot wall remains
unchanged. +e displacement load is shown in Figure 2, and
themodelmeshing diagram is shown in Figure 3. In the process
of initial ground stress balance and tunnel and lining con-
struction, in order to achieve the simulation consistent with the
actual situation, normal constraints are applied at the bottom
and lateral boundary of the model, and the three directions of
the lining are constrained, as shown in Figure 4(a). When the
fault begins tomove, the normal constraint on the hanging wall
of the fault is released, and a displacement load is applied to
realize the movement of the fault, as shown in Figure 4(b).
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3. Analysis of Tunnel Lining Safety under
Different Dip Angles of Active Faults

Strike-slip faults are large-scale translational faults. +e
hanging wall moves in translation along the slip surface of
the fault zone. +e stress source of relative motion is mainly
the shear force on both sides. +e interruption surface of the
movement process is straight and smooth, and the shearing
effect is obvious [26]. +e damage to the arch waist of the
tunnel lining is more serious, so this article focuses on
selecting the measurement points at the arch waist for
analysis. +rust fault is a low-angle entry fault with a large
displacement distance, showing strong compression and
fracture [27], so the dip angle of the fault zone is increased by
30° in the thrust fault model. Since the overall trend of the
deformation of the thrust fault is the vertical displacement
along the slip surface of the fracture, the main damage area
of the tunnel lining in this case is the vault, so this paper
focuses on selecting the measurement points on the vault for
analysis.

In this paper, the dip angles of the strike-slip fault are 45°
(π/4), 60° (π/3), 75° (5π/12), and 90° (π/2), and the dip angles
of the thrust fault are 30° (π/6), 45° (π/4), 60° (π/3), 75° (5π/
12), and 90° (π/2).

3.1. Response Analysis of Lining Displacement and Defor-
mation of Tunnels with Different Dip Angles. +e displace-
ment diagram of the arch waist of the tunnel lining along the
longitudinal direction under the 3.5m of the hanging wall of
the strike-slip fault is shown in Figure 5(a).+e displacement
and deformation diagram of the arch waist of the tunnel
lining along the longitudinal direction under the 0.8m
movement of the hanging wall of the thrust fault is shown in
Figure 5(b).

As can be seen from the lining displacement curve in
Figure 5, the fault dislocation drives the lining in the cor-
responding area to move in the same direction, and the
lining displacement curve in the longitudinal direction of the
tunnel has a dislocation platform, and the range is roughly
the same as the bottom area of the hanging wall. +e dis-
placements of the lining platform of the tunnel in the
movement direction are 3.5m and 0.8m, which are con-
sistent with the amount of fault dislocation. +e lining
displacement curves under different dip angles of the active
faults are similar in shape and distributed in an “S” shape.

+e deformation of the lining appears steeply in the fracture
along the longitudinal direction of the tunnel. With the
change of the dip angle, the range of the steep drop of the
curve and the slope of the curve will not change significantly,
and the curve moves to the foot wall with the increase of the
dip angle of the fracture. +e starting point of the steep-
descent section of the strike-slip fault at a dip angle of 45° is
about 140m, while the starting point of the steep-descent
section of the thrust fault at a dip angle of 30° is about 100m.
With the continuous increase of the dip angle of the fracture,
the starting point of the 90° dip of the two active faults is
about 180m. It can be inferred that the failure area of the
tunnel passing through the active fault area with different
dip angles is roughly concentrated in the fracture, and the
deformation has little correlation with the dip angle. In
addition, strike-slip faults and thrust faults have similar
shapes along the displacement application direction, while
the displacement curve of the thrust fault is uplifted in the
hanging wall at a dip angle of 30°, which is speculated that it
may be caused by the uneven deformation of the upper soil
due to the concentrated load at the lower part.

3.2. Stress Response Analysis of Tunnel Lining with Different
Dip Angles. +e lining material is C55 concrete, which can
withstand high pressure. +erefore, the maximum principal
stress is used to analyze the stress response of the lining
under fault movement. +e stress distribution of the lining
under active fault dislocation with different dip angles is
shown in Figure 6.

It can be seen from Figure 6(a) that the maximum
principal stress at the hanging wall and foot wall is basically 0
when the strike-slip fault displacement is 3.5m, and the
maximum value of the maximum principal stress along the
longitudinal length of the tunnel appears in the fracture.
When the dip angle is 45° and 60°, the maximum principal
stress of the lining along the longitudinal direction is the
tensile stress, and the maximum is concentrated near 200m;
that is, the maximum stress occurs in the middle of the
intersection of the fracture and the lining. With the increase
of the dip angle, the maximum value of the maximum
principal stress is basically unchanged, and the lining in the
central area needs to bemonitored.When the dip angle is 75°
and 90°, the lining appears compressive stress along the
longitudinal direction, and the maximum compressive stress
appears near 250m. As the dip angle increases, the stress
curve gradually moves to the foot wall, which is consistent
with the distribution law of the lining displacement curve.

It can be seen from Figure 6(b) that when the thrust fault
displacement is 0.8m, the maximum principal stress of the
lining in the hanging wall and foot wall areas fluctuates
slightly and is basically 0. +e maximum principal stress
along the longitudinal direction of the tunnel appears in the
fracture. +e maximum principal stress along the longitu-
dinal length of the tunnel is basically the tensile stress. When
the dip angle is 30°, the maximum tensile stress is located
near 100m, while the maximum tensile stresses of other dip
angles are basically located at the bottom of the intersection
of the fault and the hanging wall. It is speculated that the

45°

Fracture

Tunnel axis

Hanging wall Foot wall

Figure 1: Schematic diagram of the model.
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reason the maximum principal stress of the lining at 30°
shifts back from the predicted value may be the larger area of
the top of the hanging wall, the smaller area of the bottom

bearing displacement load, and uneven overall sliding. With
the increase of the dip angle, the maximum tensile stress
position gradually shifts from the hanging wall to the foot

Table 1: Material parameters of surrounding rock.

Model Density (kg/m3) Elastic modulus (MPa) Poisson ratio Internal friction angle (°) Cohesion (kPa)
Fault 2300 1.6×103 0.4 28 0.1× 103

Surrounding rock 2400 3.5×103 0.32 35 0.4×103

Table 2: Material parameters of tunnel lining.

Model Density (kg/m3) Elastic Modulus (MPa) Poisson ratio Compressive yield stress (MPa) Tensile yield stress (MPa)
Lining 2400 2.648×104 0.167 32.5 2.64

45°

Fracture

Tunnel axis

Hanging wall Foot wall
Displacement load

Figure 2: Schematic diagram of displacement load.
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Figure 4: Boundary conditions of calculation model. (a) Initial boundary conditions of the model. (b) Boundary conditions of fault
movement.

(a) (b) (c)

Figure 3:+emeshing diagrams of each part of the model.+emeshing diagram of the (a) model, (b) cross-sectional view of the model, and
(c) division of tunnel lining.
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wall. +e damage position of the tunnel lining under fault
movement is mainly determined by the bottom area of the
hanging wall under the displacement load.

3.3. Analysis of the Distribution of Plastic Zone in Tunnel
Lining with Different Dip Angles. +e plastic zone distri-
bution and range of the tunnel lining with strike-slip fault

movement of 3.5m and thrust fault movement of 0.8m
under 4 kinds of dip angles are analyzed.+e cloud diagrams
of the lining plastic zone range under strike-slip and thrust
fault movement are shown in Figures 7 and 8.

As can be seen from the above figures, when the strike-
slip displacement is 3.5m, the plastic zone of the tunnel
lining is concentrated in the vault and the bottom of the
arch, whose location is mainly concentrated in the fracture,
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Figure 6: Maximum principal stress distribution curves of tunnel lining with different dip angles. +e distribution of the maximum
principal stress under (a) strike-slip fault and (b) under thrust fault.
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Figure 5: Displacement curves of tunnel lining with different dip angles. Lining displacement curves of different dip angles under (a) 3.5m
of strike-slip fault and (b) 0.8m of thrust fault.
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and the distribution of the plastic zone is scattered from the
central point in a discord shape. When the thrust fault
displacement is 0.8m, the plastic zone of the tunnel lining is
concentrated in both sides of the tunnel lining, and the
starting position of the plastic zone is roughly located at the
intersection of the fracture and the hanging wall. With the
increase of the dip angle, the starting position of the plastic
zone of the lining gradually moves to the foot wall, which is
consistent with the stress distribution law of the tunnel
lining. +e development area of the plastic zone gradually
increases and extends to the vault, and it can be inferred that
when the fault moves, the plastic deformation first occurs on
the arch side of the tunnel lining, which gradually extends
from the arch side to the vault.

+e extent of the plastic zone plays a vital role in the key
monitoring of the lining after the fault occurs. According to
the calculation results, the variation curves of the plastic
zone of tunnel lining with the dip angle of fracture are
drawn, as shown in Figure 9, the displacement of strike-slip
fault is 0.8m, and the displacement of thrust fault is 3.5m.

Comprehensive analysis of Figure 9 shows that the
plastic zone of the tunnel lining when the strike-slip fault is
displaced 3.5m is linear and positively correlated with the
dip angle. +e extent of the plastic zone of the lining in-
creases with the increase of dip angle. +e plastic zone range
of the tunnel lining and the dip angle are logarithmic
function and negatively correlated when the thrust fault is
dislocated 0.8m, and the plastic zone range gradually de-
creases with the increase of dip angle. +erefore, under the
dislocation of active faults, the range of the tunnel lining
plastic zone can be calculated according to the dip angle and
the key monitoring range can be set.

4. Analysis of Tunnel Lining Safety under
Different Displacements of Active Faults

Fault movement is mainly divided into stick-slip movement
and creeping movement. Stick-slip movement is a sudden
rapid rupture movement, and creeping movement is a slow

movement that occurs over time. Studies have shown that
the slow movement of the fault gives the soil a sufficient
deformation process, and the damage degree is greater than
that of the stick-slip movement [28]. +e slow movement of
the fault has higher damage degree and happened in tunnel
engineering.+erefore, this paper analyzes the failure modes
of tunnel lining when the creeping movement of the fault
occurs.

4.1. Deformation Response Analysis of Tunnel Lining under
Different Movement Amounts of Active Faults. +is paper
selects strike-slip and thrust faults 0.8m, 1.0m, 1.2m, 1.4m,
1.6m, 2.0m, 2.5m, and 3.5m for analysis, and Figure 9
shows the displacement curve of the tunnel lining vault
under different movement amounts when the dip angle is
90°.

It can be seen from Figure 10(a) that when the dip angle
is 90°, the tunnel lining displacement curve under different
displacements of strike-slip fault is distributed in an “S”
shape, and the tunnel lining in the hanging wall moves in the
same form with the fault, whose displacement is consistent
with the fault movement. +e deformation curve of the
lining along the longitudinal direction of the tunnel has a
steep drop section, and all steep drop sections are located in
the fracture. With the increase of the fault displacement, the
slope of the displacement curve in the steep drop zone
gradually increases. +erefore, the lining damage significant
area under strike-slip fault is mainly located in the fracture,
and the higher the fault displacement, the more serious the
lining damage.

It can be seen from Figure 10(b) that the deformation
curve of the tunnel lining under the thrust fault with 90° dip
angle has the same shape as the displacement curve under the
strike-slip fault in the respective load application directions,
and both show “S” shape.+e tunnel lining moves in the same
form as the hanging wall along the displacement load ap-
plication direction. Similar to the displacement curve of the
strike-slip fault in the load direction, the lining displacement

(a) (b)

(c) (d)

Figure 7: Plastic zone of lining under strike-slip fault with different dip angles. Cloud diagram of the plastic zone of the strike-slip fault with
(a) 45° dip angle, (b) 60° dip angle, (c) 75° dip angle, and (d) 90° dip angle.

(a) (b)

(c) (d)

(e)

Figure 8: Plastic zone of lining under thrust fault with different dip angles. Cloud diagram of the plastic zone range of the thrust fault with
(a) 30° dip angle, (b) 45° dip angle, (c) 60° dip angle, (d) 75° dip angle, and (e) 90° dip angle.
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curve has a steep drop in the fault, and all is located in the
fracture. As the displacement increases, the slope of the steep-
descent curve continues to increase, and the lining located in
the fracture zone is more likely to be damaged.

4.2. Stress Response Analysis of Tunnel Lining under Different
Displacements of Fault. To explore the influence of the stress
distribution on the tunnel lining under different faults of
strike-slip and thrust, the maximum principal stress dis-
tribution along the longitudinal length of the tunnel was

made according to the calculation results, as shown in
Figure 11.

It can be seen from Figure 11(a) that the maximum
principal stress distribution curves under different strike-
slip faults are basically consistent in shape and maximum
values. +e maximum principal stress of the lining at the
hanging wall and foot wall is basically 0, and the maximum
principal stress of the lining along the longitudinal length of
the tunnel increases first and then decreases. +e changing
section of the curve as a whole is located between 150m and
250m, and the maximum principal stress is located near
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Figure 10: Lining deformation curves under different displacements of 90° fault. +e lining deformation curves under different dis-
placements of (a) strike-slip fault and (b) thrust fault.
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Figure 9:+e curves of lining plastic zone range with different dip angles under active fault.+e curve of plastic zone range under (a) strike-
slip fault and (b) thrust fault with different dip angles.
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200m. +e overall curve is symmetrically distributed.
+erefore, it can be inferred that the significant damage area
of the tunnel lining under the strike-slip fault movement is
located 50m before and after the fracture, and the damage in
the middle is the most significant. +e maximum principal
stress distribution of the tunnel lining under different strike-
slip fault is roughly the same. It is speculated that this may be
due to the damage to the middle of the tunnel lining before
the fault displacement of 3.5m.

It can be seen from Figure 11(b) that the maximum
principal stress distribution curve of the lining under the
thrust fault is different from the strike-slip fault movement.
+e maximum principal stress distribution curves at 0.8m,
1.0m, 1.2m, 1.4m, and 1.6m faults are similar, which are
roughly symmetrical, while the maximum principal stress
distribution curves at 2.0m, 2.5m, and 3.5m are roughly
centrally symmetrical. +e maximum principal stress of the
lining at the hanging wall and foot wall of the thrust fault is
basically zero, and the maximum principal stress change
section of the lining is basically between 150m and 200m,
and the maximum stress is near 200m, which is similar to
the stress distribution law of a strike-slip fault. In addition,
the maximum principal stress under the thrust fault appears
compressive stress, and the maximum compressive stress is
at 150m and 220m, which is consistent with the area of the
fracture zone. +erefore, it can be inferred that the lining
located within 50m before and after the fracture zone un-
dergoes significant tensile failure when the thrust fault is
dislocated, and the lining located in the middle of the
fracture has the most obvious damage. As the displacement
of fault increases, compression failure occurred in the lining
50m in front of the fracture.

4.3. Analysis of the Plastic Zone Range of the Tunnel Lining
under Different Displacements. +e development of the
plastic zone of the tunnel lining under different displace-
ments of the active fault has an important reference value for
the key monitoring area of the tunnel crossing the active
fault area. According to the calculation results of the model,
the development cloud diagram of the plastic zone with
different displacements of strike-slip and thrust fault at 90°
dip is obtained, as shown in Figure 12.

Comprehensive analysis of Figure 12 shows that the
plastic zone of the tunnel lining under strike-slip fault is
mainly concentrated in the vault and roughly located in the
fracture. As the displacement increases, the plastic zone
continues to increase and gradually gathers towards the
vault. +e distribution of the plastic zone in the vault is
roughly the same as the distribution of the maximum
principal stress under the strike-slip fault movement, and the
damage to the lining in the fracture is the most significant.
+e plastic zone of the tunnel lining under the thrust fault
movement is mainly concentrated in the lining arch waist,
and the range is roughly located in the middle fracture. As
the displacement increases, the extent of the plastic zone on
both sides of the arch waist continues to increase, and the
development of plastic zones at different parts of the strike-
slip fault appears. +erefore, it can be inferred that the
development of the plastic zone of the tunnel lining under
the strike-slip fault is gradually extending from both sides of
the arch waist to the vault, while the development of the
plastic zone of the tunnel lining under the thrust fault
gradually extends from the vault to both sides of the vault.

Comprehensive analysis of Figure 13 shows that when
the dip angle is 90°, the development of the plastic zone of the
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Figure 11: +e distribution curves of the maximum principal stress of the lining under different displacements of active faults. +e
maximum principal stress distribution curves of the lining under (a) strike-slip fault and (b) thrust fault.
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active fault is distributed in a logarithmic function, and the
development range of the plastic zone is positively correlated
with the amount of movement, and with the increase of
movement amount, the range of plastic zone gradually in-
creases. +erefore, the key monitoring range of the lining
under active fault movement should consider not only the
influence of the dip angle of the fracture, but also the in-
fluence of the displacement of active fault.

5. Conclusion

In this paper, by establishing a three-dimensional finite
element tunnel model under strike-slip and thrust fault
movement, the tunnel lining displacement, maximum
principal stress distribution, and the plastic zone develop-
ment under different dip angles and different fault move-
ment amounts are discussed. +us, the damage mechanism
of the lining under the active fault movement is revealed, and
the conclusions are as follows:

(1) Under active fault movement, the tunnel lining
moves in the same form with the hanging wall, and
the displacement curve shows an “S”-shaped dis-
tribution. +e significant area of failure is roughly
located near the fracture. When the dip angle of
thrust fault is less, the displacement load will result in
uneven displacement upward transmission. +e

shape of the deformation curve of the lining under
different displacements of the active fault is the same,
showing an “S”-shaped distribution. +e significant
area of lining damage is also located near the frac-
ture, and the damage effect becomes more significant
with the increase of fault dislocation.

(2) +e maximum principal stress at the hanging wall
and foot wall under the active fault movement is
basically 0. +e maximum principal stress under the
movement of a strike-slip fault occurs in the central
area of the fault zone and is mainly tensile failure.
+e maximum principal stress under the thrust fault
movement gradually moves to the foot wall with the
increase of the dip angle, and compressive failure
also occurs. +e significant damage area of the lining
under the strike-slip fault is mainly tensile failure,
while the compressive failure occurs when the thrust
fracture is steep.+e damage range is mainly affected
by the dip angle of the fracture, while the damage
effect is mainly affected by the increase of fault
dislocation.

(3) +e plastic zone of the tunnel lining under different
dip angles strike-slip fault is concentrated in the
fracture and develops from both sides of the arch
waist to the arch top and arch bottom. +e extent of
the plastic zone gradually increases in a logarithmic

(a) (b)

(c) (d)

Figure 12:+e cloud diagrams of plastic zone with different displacements under 90° dip angle. Cloud diagram of plastic zone under strike-
slip fault with (a) 0.9m and (b) 1.1m. Cloud diagram of plastic zone under thrust fault with (c) 0.9m and (d) 1.1m.
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Figure 13: +e development curves of the plastic zone range under different displacements of the active faults. Plastic zone range under
different displacements of (a) strike-slip fault and (b) thrust fault.
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function. +e plastic zone of the tunnel lining under
the thrust fault movement is also concentrated in the
fracture zone, but it develops from the vault and arch
bottom to both sides of the arch waist. +e extent of
the plastic zone is similar to the law of development
under strike-slip faults, showing a gradual increase in
a logarithmic function relationship.
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