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Since there is no precedent for the use of slotted shield tunneling in the large
section of high-speed railways in China, the relevant technological
accumulation and systematic research achievements are few. Therefore, this
paper provides theoretical support for loess tunnel construction decision-
making through the study of slotted shields and is expected to promote the
mechanization and even intelligent construction of a high-speed iron-loess
tunnel. Taking the Luochuan tunnel of the Xiyan high-speed railway as the
engineering background, this paper uses the numerical simulation software
packages of ANSYS and FLAC3D to study the tunnel deformation (surface
settlement, vault settlement, tunnel bottom uplift, and horizontal
convergence) caused by the slotted shield construction in three different
buried depths of 30, 40, and 50 m surrounding rock. The deformation law
and mechanical characteristics of a cutter shield construction of large cross-
section loess tunnels under the influence of different buried depths are put
forward. Results showed that 1) the mutual interference between the working
procedures can be significantly reduced by inserting the cutting tool into the
soil instead of the advanced tubule before excavation; 2) the settlement in the
upper part of the longitudinal axis of the tunnel is the largest; the greater the
depth of the tunnelis, the smaller the surface settlement is; and 3) the horizontal
deformation of the arch waist and foot of the tunnel under different buried
depths is symmetrically distributed into the tunnel during the whole process of
slotted shield tunneling.
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large cross-section, loess tunnel, slotted shield, construction, different buried depths,
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1 Introduction

At present, the number and mileage of tunnels are
increasing with the continuous growth of the mileage of
high-speed railways in China. The construction method,
construction technology, and construction machinery of
high-speed railway tunnels have made great progress, for
example, the opening of the Yinxi high-speed railway,
Baolan high-speed railway, and Zhengxi high-speed railway
has accumulated valuable experience for the construction of the
loess tunnel of high-speed railways in our country. However,
due to the large cross-section of high-speed railways and the
particularity of the loess stratum, the loess tunnels built at the
present stage are constructed using traditional mining methods
(Birk et al., 2010; Xue et al., 2018; Zhang et al., 2018; Wang et al.,
2019). So far, there is no precedent for the construction of
slotted shields in a loess tunnel. There is no systematic research
on the application of a shield method in high-speed railway
tunnels, and there is little experience that can be used for
reference (Jiang et al., 2017; Yang, et al, 2020; Niu et al,
2021; Weng et al.,, 2021; Zhu, 2021; Mei et al., 2022).

Compared with the common loess tunnel construction
methods such as the three-step method and CRD method, the
slotted shield method can make full use of the advantages of the
shield method and mining method (Liang et al., 2016; Wang
etal,, 2019; Zhou et al., 2020; Hong et al., 2021; Xu et al., 2021; An
et al., 2022). In other words, before excavation, the cutters were
inserted into the soil instead of the advanced small pipe for pre-
support, and the follow-up excavation and support work were
carried out under the protection of the shield shell, which can
significantly reduce the mutual interference between the various
processes. The slotted shield is suitable for strata with low water
contents and certain self-stabilization, and the strata with a stable
palm surface can be maintained by dewatering or grouting (Wu
et al, 2014; Min et al., 2015; Song et al., 2019; Dai et al., 2020).
After the effective demonstration, the slotted shield construction
is more suitable for the long loess tunnels in the Xiyan high-speed
railway, the Xikang high-speed railway, and the Xishi high-speed
railway.

At present, research on slotted shield construction of loess
tunnels is relatively few. Some scholars and experts have
discussed the large-scale mechanized construction of loess
tunnels and the construction idea, application prospect, and
working principle of the slotted shield. Sun (2017) took the
pre-slotting construction of the Hongliangying large cross-
section loess tunnel as the background to study the
mechanized construction of the weak surrounding rock.
The support parameters of pre-lining are analyzed by
numerical simulation methods to provide reference for the
design and construction of similar projects. Wang and Guo
(2020) explained that based on the background of the Xiyan
high-speed railway project, the construction technology of the
shield and mining method is integrated according to the
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engineering characteristics of a loess tunnel, and the idea of
slotted shield construction is put forward. The Informa
ionization of mechanized construction of loess tunnels is
explored based on 5G to promote the development of
intelligent construction technology of loess tunnels. Bai
(1996)stated that by introducing the structure and working
principle of the half-section cutter shield, this paper discusses
its application prospect in underground engineering
construction. Guo and Deng (1997) explained that through
the field measurement, it is proven that the half-section cutter
that inserts the shield has good technical performance and
high economic benefit, so it is worth popularizing and using
on a large-scale mechanized construction. Deng and Yang
(1997) stated that by analyzing the slotted shield scheme of an
expressway tunnel, the characteristics and working principle
of each component of the slotted shield are introduced in
detail.

In this paper, based on the background of the Luochuan
tunnel of the Xiyan high-speed railway, the construction
deformation of a large cross-section loess tunnel with a slotted
shield under different buried depths is analyzed and discussed by
using the numerical simulation method. It is expected to provide
a reference basis for the mechanized and intelligent construction
of high-speed railway tunnels in the later stage.

2 Background

The Luochuan tunnel of the Xiyan high-speed railway (Xi’an
to Yan’an) was originally designed for slotted shield construction.
The tunnel is located in Houston Township, Luochuan County,
Yan’an city, Shaanxi Province, with a total length of 4140.43 m
(mileage DK194 + 759.57 ~ DK198 + 900). It is a single-hole
double-track large cross-section loess tunnel. The tunnel passes
through the loess beam plateau. The topography of beam
tablelands is flat, and the gully around the plateau is well
developed. The entrance of the tunnel is located on a loess
beam slope with a gentle slope of about 30°. The slope is
densely covered with shrubs, and there is water in the gully
below it. The exit is located on the loess plateau with dense
vegetation, especially apple trees. The loess beam above the
tunnel is complete, and gullies are developed on both sides.
The whole tunnel is shallowly buried with a depth of 80.64 m.
The vertical and cross sections of the tunnel are shown in
Figures 1, 2.

The tunnel passes mainly through the Neocene and Middle
Pleistocene aeolian strata, and the sequence from the top to
bottom is as follows: Quaternary Upper Pleistocene clayey loess
(Qs*, (Q,
Quaternary Middle Pleistocene clayey loess (Q,*), and
Quaternary Middle Pleistocene paleosol (Q,"). The main

Quaternary Upper Pleistocene paleosol

physical and mechanical parameters of each stratum are
shown in Table 1.
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FIGURE 1
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FIGURE 2
Tunnel lining section.

TABLE 1 Mechanical parameters of the ground soil.

Cause of the time

Q3eol
Q3el
Qzeol
Qzel
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Geotechnical name

Clayey loess
Paleosol
Clayey loess
Paleosol

Plastic state

Hard plastic
Hard plastic
Soft plastic-Hard plastic
Soft plastic—Hard plastic

03

Basic bearing capacity
of foundation/kPa

150
150
120-200
120-200

Classification
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Structure of a slotted shield

3 Methods

3.1 Construction method of a slotted
shield tunnel

3.1.1 Structure composition of a slotted shield
tunnel

The plug-in shield is mainly composed of the main engine,
the rear matching trolley, and the lining matching trolley, and
its schematic diagram is shown in Figure 3. The main engine is
mainly composed of the cutter, racks, retaining plates,
propulsion cylinders, connecting tail plates, buckets, and
scrapers; rear supporting equipment is used for shotcreting,
bolting, and installing a steel arch frame for initial support; the
lining matching trolley is used for laying the waterproof board
and secondary lining. The length of the slotted shield machine
studied in this paper is 7.2 m, the length of the notch (the
distance between the upper cutter and the bottom cutter) is
1m, and the shape of the notch is oblique bearing. The
thickness of the shield shell is 0.2 m, the propulsion stroke
of the cylinder is 0.6 m, and the excavation footage is 0.6 m.
The excavation is divided into the upper and lower steps, in
which the height of the upper and lower steps is 7.6 and 5.4 m,
respectively. The excavation is divided into the upper and
lower steps, in which the height of the upper and lower steps is
7.6 and 5.4 m, respectively.

3.1.2 Construction procedure for a slotted shield
tunnel

The shield machine pushes out all the cutters to pre-support
the soil to be excavated in front to prevent the excavation face
from collapsing. First of all, the circumferential excavation of
the arch soil is carried out, and a retaining block should be dug
where there is a retaining plate. When the upper step soil is
excavated 0.6 m forward, all the insert cutter oil cylinders are
recovered, and the frame is pulled back to the initial state; then,
the lower step soil is excavated. The aforementioned steps are
repeated. When the shield tail clearance is 0.6 m, the spray
mixing bridge device sets up side wall anchors, erects section
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steel frames, and hangs nets to spray concrete to the design
thickness. After the initial support reaches the design strength,
the lining trolley is used to lay the water discharge board and
secondary lining. In other words, the construction procedure of
shield
preparation—introduction of all

a cutter is as follows: construction

cutters—excavation up
of all
cutters—excavation down steps—after supporting equipment

steps—frame follow-up, introduction
for initial support—lining supporting the trolley laying
waterproof board, and pouring secondary lining (Jiang et al.,
2018; Chang et al., 2020; Huang et al., 2020; Huang et al., 2020;

Huang et al., 2020).

3.2 Construction process simulation
method of a slotted shield tunnel

The slotted shield method is used in a loess tunnel for the first
time. To effectively verify the deformation law of the tunnel
surrounding rock during the construction of a cutter shield,
ANSYS combined with FLAC3D finite element software is
adopted in this paper and was used to realize tunnel model
building and grid division, and FLAC3D was used to complete
calculation and post-processing. After establishing the numerical
shield the
deformation law is studied under the condition of different
burying depths (30, 40, and 50 m).

model of cutter construction, construction

3.2.1 Basic assumption

(1) The soil is assumed to be homogeneous, continuous, and
isotropic, and the calculation model is an elastic—plastic
constitutive model.

(2) The soil parameters in the model are selected according to
the geological survey report and relevant specifications.

(3) The initial stress field only considered the gravity stress field,
ignoring the influence of the surrounding rock tectonic stress
field and groundwater.

(4) The shield shell is a thin shell structure of an isotropic linear
elastic material.
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TABLE 2 Model parameters for the grade Va surrounding rock.

Material Elastic Cohesive
modulus/GPa force/kPa

Grade Va surrounding rock ~ 0.16 349

Initial support 23

Secondary lining 31.5

Side wall anchor 210

Section steel arch frame 206

Locking anchor pipe 80.56

Shield shell 210

10.3389/feart.2022.1075928

Internal friction Density/kg/ Poisson’s ratio  Unit type
angle/’ m®
256 1790 035 solid

2 400 0.20 solid

2500 0.20 solid

7 700 0.30 cable

7 700 0.30 beam

2 400 0.25 beam

7 850 0.30 shell

TABLE 3 FEM model meshing.

Numerical simulation unit

3.2.2 Model material parameters and boundary
conditions

The surrounding rock section of class V of the Xiyan
Luochuan tunnel is 2531 m long, accounting for 61.1% of the
total length of the tunnel. Therefore, this paper takes the
surrounding rock of grade Va as the research background.
According to the tunnel geological survey report and reference
(Enterprise standard of China Railway Corporation, 2014;
Profession Standard of The People’s Republic of China, 2016),
the calculation model parameters and unit types of the grade Va
surrounding rock are shown in Table 2.

The left and right sides of the model are X-direction
constraints, the front and rear are Y-direction constraints, and
the bottom of the model is Z-direction constraints. According to
Saint-Venant’s principle, excavation only causes stress
redistribution in a certain range around the tunnel. To reduce
the influence of the boundary effect, the calculated boundary on
the left and right sides of the tunnel is 3-5 times the total span of
the tunnel, and the calculated boundary at the bottom of the
tunnel is more than two times the total height of the tunnel, and
the upper boundary of the tunnel is the free surface of the upper

surface. When the buried depth is 30 m, the size of the tunnel
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FIGURE 4
Layout of measuring points in the monitoring section.

model is 150 m x 120 m x 50 m, and the total number of units is
76,800; when the buried depth is 40 m, the size of the tunnel
model is 150 m x 120 m x 60 m, and the total number of units is
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FIGURE 5
Construction sequence diagram of a slotted shield.

76,800; when the buried depth is 50 m, the size of the tunnel
model is 150 m x 120 m x 70 m, and the total number of units is
85,200. Under the condition of different buried depths, the size of
the model and its elements are given in Table 3.

Considering the influence of boundary conditions on the
calculation results, the monitoring measurement is carried out at
the longitudinal intermediate section of the tunnel. After the
completion of the construction simulation, the displacement data
on the measuring points are extracted, and the deformation
analysis is carried out. The arrangement of the measuring
points in the monitoring section is shown in Figure 4.

3.2.3 Construction process simulation

Assuming that the cutters are all pushed out and the
propulsion stroke is 0.6 m, this construction flowchart is
shown in Figure 5.

The construction process is simulated by ANSYS engineering
simulation software, which is as follows.

After the displacement and speed are cleared, the cutter is
pushed forward one stroke to activate the external imported
(0 mm-0.6 m) shell unit. The cutter is pushed forward one more
stroke, the external import (0 mm-1.2 m) shell unit is activated,
and the previous shell unit is assigned to be empty. At the same
time, the upper bench soil is excavated, and the footage is 0.6 m.
Then, the supporting equipment would be used for initial
support and that of the supporting trolley for lining was for
waterproof boards and secondary lining.

After the excavation of the upper step is completed, the cutter
is pushed forward one more stroke, the external import
(0 m-1.8 m) shell unit is activated, and the previous shell unit
is assigned to be empty. Then, the excavation of the lower steps is
carried out while continuing to dig up the steps.
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FIGURE 7
Ground surface settlement trough curves in different tunnel
buried depths.

When the active external shell unit is 0-7.2 m, the shield
mainframe will enter the soil to be excavated after several cycles.
The initial support will be carried out immediately when the
cutter is to be pushed forward for one stroke and there is a 0.6 m
gap at the end of the shield. After introducing the cable element
of a side wall anchor, the beam element of the section steel frame,
and the beam element of locking the anchor pipe, the solid
element is used to simulate the shotcrete process until the end of
the shield construction. The schematic diagram of the cutter
shield construction is given in Figure 6.
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FIGURE 8

Vertical displacement cloud map of different buried depths. (A) Vertical displacement cloud map of 30 m buried depth; (B) vertical displacement
cloud map of 40 m buried depth; and (C) vertical displacement cloud map of 50 m buried depth.

4 Results and discussion

For slotted shield construction, the surface subsidence, vault
subsidence, tunnel bottom uplift, and horizontal convergence of
the grade Va surrounding rock when the buried depth is 30 m,
40 m, and 50 m are studied. The surrounding rock deformation
law of a slotted shield tunnel under different buried depths is
studied.

4.1 Influence of construction on surface
subsidence

From the curve of the land subsidence trough (Figure 7), it
can be seen that the shape of the land subsidence trough with
different buried depths is basically similar, and its influence range
increases with the increase in the tunnel depth. The maximum
surface subsidence occurs in the upper part of the longitudinal
axis of the tunnel. Therefore, when the depth of the tunnel is
30m, 40 m, and 50 m, the maximum surface settlement is
-18.74 mm, -16.49 mm, and —13.76 mm, respectively. These
data show that with the increase in the tunnel depth, the
influence of soil loss on the surface decreases with the
increase in the tunnel depth. In other words, the larger the
buried depth of the tunnel is, the smaller the surface
subsidence deformation is (Hu, 2011; Yang et al,, 2015; Cao
et al.,, 2018).

4.2 Influence of construction on a vault
subsidence and tunnel floor uplift
deformation

The vertical displacement cloud map of the surrounding rock

of the tunnel under different buried depths is shown in Figure 8.
According to the cloud map of vertical displacement of the
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Tunnel arch top settlement curve.

surrounding rock, the distribution law of vertical displacement
of the surrounding rock is similar with different burial depths.

The deformation curves of a tunnel vault settlement and
tunnel bottom uplift under different buried depths are given in
Figures 9 and 10. As can be seen from the figure, with the
approach of the excavation face, the subsidence at the vault of the
study section and the uplift deformation at the bottom of the
tunnel gradually increased. The deformation rate is also
accelerated during the excavation of the cross-section because
the insertion of the shield shell acts as a pre-support for the
excavated soil; the settlement of the surrounding rock at the vault
and the uplift deformation of the tunnel are restricted, and the
deformation rate decreases significantly (Li and Zhu, 2013; Qi,
etal,, 2018; Zhou et al., 2018; Zhao et al., 2019; Zhang et al., 2020;
Ge et al,, 2022; Luo et al,, 2022). After the excavation of the
research section is completed, the excavation operation near the
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Tunnel bottom heaving curve.

palm face has little effect on the settlement and deformation of
the surrounding rock of the study section, which is due to the
temporary support of the shield shell. As the shield tail leaves the
research section, the supporting effect of the shield shell also
disappears. At this time, the initial support should be carried out
immediately (Li et al, 2017; Han, et al, 2018; Aydan and
Hasanpour, 2019; Liu et al.,, 2019; Li et al., 2020; Mu et al,,

10.3389/feart.2022.1075928

2021). After the support reaches the design strength, the
settlement of the surrounding rock and the deformation rate
of the bottom uplift of the tunnel will be further reduced, and the
final deformation tends to be stable.

The vault settlement and bottom uplift of the tunnel under
different buried depths are shown in Table 4. With the increase of
the burial depth, the settlement of vault and the uplift of tunnel
bottom increased, and the deformation of uplift is larger than
that of the vault. For example, when the buried depth is 30 m, the
uplift at the bottom of the tunnel is 41.12 mm, the settlement of
the vault is -26.68 mm, and the uplift deformation is 54.1% more
than the settlement of the vault. When the buried depth is 40 m, it
is 20.8% more; when the buried depth is 50 m, it is 15.3% more. It
can be inferred that the deformation of the two tends to be close
with the increase in the buried depth of the tunnel.

4.3 Influence of construction on the
horizontal convergence deformation of a
cave body

Under different burial depths, the horizontal convergence
displacement cloud map in the surrounding rock of the tunnel is
shown in Figure 11. The distribution law of horizontal
displacement of the surrounding rock is similar under the
condition of different burial depths, according to the cloud
map of horizontal displacement of the surrounding rock.

A B Cc
Zone X Displacement Zone X Displacement Zone X Displacement
on Plane on on
52612€-03 8 6465€C 1.2902€-02
s soome e
3 0000E-03 6 -0 7 S000E-03
2 0000E-03 5 -0 5 0000E-03
3 oocoe 03 3 & 3 0000£+00
= i e
4.00006C K] -0 ~1.0000€-02
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-8 6423E 0
FIGURE 11
Horizontal displacement cloud map of different depths. (A) Horizontal displacement cloud map of 30 m buried depth; (B) horizontal
displacement cloud map of 40 m buried depth; and (C) horizontal displacement cloud map of 50 m buried depth.

TABLE 4 Tunnel arch top settlement and bottom heaving.

Buried depth of the

tunnel/m

30 -26.68
40 —44.02
50 -60.48

Vault settlement/mm

Tunnel bottom uplift/mm

41.12
55.60
69.76
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The horizontal displacement at the left and right arch waist of
the tunnel and the horizontal displacement at the left and right
arch feet are shown in Figures 12, 13. Under different burial
depths, the horizontal deformation of the surrounding rock at the
arch waist and foot presents a convergent deformation to the
tunnel during the whole excavation process. The horizontal
deformation and deformation rate of the surrounding rock at
the arch waist and arch foot increased sharply with the vicinity of
the excavation face. During the excavation of the cross section,
the horizontal deformation of the surrounding rock at the arch
waist and foot is constrained, and the decrease of the horizontal

Frontiers in Earth Science

09

deformation rate of the surrounding rock is due to the pre-
supporting effect of the insertion of the shield shell on the
excavated soil (Ye et al., 2017; Zhou, et al., 2019; Fang et al.,
2021; Tang, et al., 2021). As the shield tail is far away from the
research section, the support of the shield shell disappears,
resulting in a sharp increase in the horizontal deformation of
the surrounding rock (Liu et al., 2019; Wang et al., 2020; Cao
etal, 2021). After the initial support reaches the design strength,
the horizontal deformation rate of the surrounding rock at the
arch waist and foot of the study section decreases and finally
tends to be stable.
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TABLE 5 Horizontal displacement values of the tunnel arch waist and foot.

Buried depth of

Horizontal displacement

Horizontal displacement

Horizontal displacement

10.3389/feart.2022.1075928

Horizontal displacement

the of of of of
tunnel/m the left arch the right arch the left arch the right arch
waist/mm waist/mm foot/mm foot/mm
30 4.66 —4.65 2.52 -2.42
40 8.63 -8.64 3.55 -3.54
50 12.90 -12.89 4.52 -4.51
A B C
AR, LEACIDE0, SXACSD 600
S S S
FIGURE 14
Distribution of the plastic zone for different burial depths. (A) Distribution of the plastic zone at a burial depth of 30 m; (B) distribution of the
plastic zone at a burial depth of 40 m; and (C) distribution of the plastic zone at a burial depth of 50 m.

TABLE 6 Plastic area and volume at different burial depths.

Buried depth of the Plastic area/m> Volume of the plastic
tunnel/m zone/m*

30 29.64 59.28

40 193.17 386.33

50 280.39 560.78

TABLE 7 Maximum and minimum principal stress of a research section with different burial depths.

Buried depth of the
tunnel/m

30
40
50

Maximum principal tensile
stress (maximum principal

stress)/MPa

2.8
3.27
3.53

Under the condition of different buried depths, the
horizontal displacement values of the left and right arch waist

and arch foot of the tunnel are shown in Table 5. It can be seen

from the table that the horizontal displacement around the cave

shows a trend of uniform distribution on both sides. The number
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Maximum principal compressive
stress (minimum principal
stress)/MPa

4.61
5.5
6.24

of deformations increases with the increase of buried depths. The
horizontal deformation rate of the surrounding rock of the study
section is accelerated with the proximity of the excavation face.

After tunnel excavation, the stress field of the surrounding
rock will be readjusted. Under the load, the surrounding rock will
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Minimum principal stress of shotcrete
with buried depth of 50 m

Cloud chart of maximum and minimum principal stresses of shotcrete at different burial depths. (A) Maximum principal stress of shotcrete with a
burial depth of 30 m, and (B) minimum principal stress of shotcrete with a burial depth of 30 m. (C) Maximum principal stress of shotcrete with a
burial depth of 40 m, and (D) minimum principal stress of shotcrete with a burial depth of 40 m. (E) Maximum principal stress of shotcrete with a
burial depth of 50 m, and (F) minimum principal stress of shotcrete with a burial depth of 50 m.

undergo a transition from elastic to plastic. When plastic
deformation occurs in the surrounding rock, the surrounding
rock will become loose, and the bearing capacity will decline,
which will affect the stability of the tunnel, and even lead to
tunnel instability. Therefore, attention should be paid to the
analysis of plastic deformation of the surrounding rock. The
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cloud diagram is shown in Figure 14, and the analysis results are
shown in Table 6.

It can be seen from Figure 14 that with the construction of the
tunnel, the distribution trend of the surrounding rock plastic zone also
gradually changes. Under different burial depths, the distribution of
the surrounding rock plastic zone of the tunnel shows a symmetrical
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growth trend, the plastic zone at the arch shoulder and invert
gradually decreases, and the plastic zone at the arch foot changes
from a point to a sharp corner, with a maximum value.

When the buried depth of the tunnel increases from 30 m to
40m, the area and volume of the surrounding rock plastic zone
increase from 29.64 m* to 59.28 m® to 193.17 m* and 386.33 m’,
respectively, with an increase rate of 84.7%. When the burial
depth increases to 50 m, the area and volume of the surrounding
rock plastic zone increase to 280.39 m* and 560.78 m?, with an
increase rate of 89.4%. It can be seen that the greater the burial
depth of the surrounding rock, the more obvious the growth
trend of the area and volume of the surrounding rock plastic zone
of the tunnel, and the more likely it is to be damaged.

The maximum and minimum principal stress nephograms of
shotcrete under different burial depths are extracted from the
calculation results, as shown in Figure 15, and the analysis results
are shown in Table 7.

It can be seen from Figure 15 that the minimum principal
stress of shotcrete with a burial depth of 30 m is located at the
arch foot, and its value is 4.61 MPa; the maximum principal
stress is located at the arch foot, and its value is 2.8 MPa; the
minimum principal stress of shotcrete with a burial depth of
40 m is located at the arch foot, and its value is 5.5 MPa; the
maximum principal stress is located at the arch foot, and its value
is 3.27 MPa; the minimum principal stress of shotcrete with a
burial depth of 50 m is located at the arch waist and arch foot, and
its value is 6.24 MPa; the maximum principal stress is located at
the arch foot, and its value is 3.53 MPa.

5 Conclusion

Based on the results obtained from this study, we can draw
the following conclusions:

After the slotted shield inserts the cutter into the soil instead of the
advanced small conduit for pre-support before excavation, the

1)

subsequent excavation and support work can be carried out
under the protection of the shield shell, which can significantly
reduce the mutual interference between the various processes. In
the construction process, the maximum settlement occurs in the
upper part of the longitudinal axis of the tunnel, and the greater
the burial depth, the smaller is the surface settlement
deformation.
(2) The vertical displacement distribution of the surrounding
rock and the surrounding rock with different buried depths
are similar. The greater the burial depths of the tunnel, the
greater are the sinking of the vault and the uplift of the tunnel
bottom. The uplift deformation at the bottom of the tunnel is
always larger than that of the vault, but the deformation
tends to be close with the increase of burial depths.
(3) The horizontal deformation of the arch waist and foot of the

tunnel under different buried depths presents a symmetrical
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deformation to the tunnel in the whole slotted shield
tunneling. Also, the greater the depth, the greater is the
horizontal deformation around the tunnel.

(4) With the progress of tunnel excavation, the influence on the
distribution of the surrounding rock plastic zone under
different burial depths is distributed in a positive direction,
and the maximum value appears in the plastic zone at the
arch foot of the tunnel, so the construction risk at the arch
foot is high, and the arch foot should be reinforced in time
during the construction process. The maximum principal
compressive stress value under different burial depths is
less than the compressive strength of C25 concrete
12.5 MPa. Considering the interaction of a reinforcement
mesh and steel frame, the initial tensile strength is greatly
improved, so the tensile stress damage is not considered.
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