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Mechanical characteristics of twin tunnel underneath
construction on existing high-speed railway tunnel
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Jiqing Zhang4, Peng Zhang5

Abstract: The running speed of high-speed trains in the tunnel is as high as 350 km, which is very
sensitive to the construction disturbance of the new shield tunnel. Therefore, it is of positive significance
to study the influence of shield tunneling on existing high-speed railway lines and tunnel structures
and control standards. Combined with centrifuge test and three-dimensional numerical simulation,
the dynamic response of shield tunnel undercrossing existing high-speed railway tunnel is studied,
and the influence of settlement joint and steel pipe pile reinforcement on existing tunnel is analyzed.
Studies have shown that the existence of existing tunnels will reduce the surface settlement caused
by tunnel excavation, but this shielding effect will be reduced if the influence of construction joints is
considered. Therefore, if the construction joint is not considered in the numerical calculation, the ground
deformation will be underestimated and the mechanical performance of the existing tunnel structure will
be overestimated. In addition, steel pipe piles can effectively control the settlement of existing tunnels.

Keywords: high speed railway tunnel, shield twin-tunnel, construction joint, ground settlement, lining
stress
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1. Introduction

With the development of economy and the progress of society, the tunnel has been
widely promoted as a construction that can shorten the distance and avoid large ramps and
effectively save space on the ground [1–3]. In the construction of urban underground trans-
portation network, the construction of new tunnels underneath existing tunnels is gradually
increasing. Considering that the existing tunnel construction has changed the stress state
of the original soil, for the shield tunneling project, the soil is not only affected by the con-
struction disturbance of a single new shield tunnel, but also under the overlapping influence
of the existing tunnel and the new tunnel, resulting in the complex and difficult to predict
the change of the surface displacement (vertical settlement and horizontal displacement).
Therefore, the influence of shield tunneling on the surface displacement has become a key
issue in such engineering research [4–7].
The interaction between tunnel and soil is usually studied by fieldmonitoring, numerical

simulation and model test. On-site monitoring of tunnel physical and mechanical behavior
by collecting data from sensors [8–10], but this method is time consuming, clumsy and
occasionally damaging sensors. Numerical simulation of soil properties, subway tunnels,
adjacent structures and their interactions [11–16], although some simplifications are needed
in the calculation process, this method is efficient in calculating large-scale engineering
problems. Centrifuge tests were performed to analyze tunnels with different depths, but
simplified consideration was often given to complex strata or detail structures during
tests [17–23].
In summary, most of the existing studies focus on the influence of new shield tunnels

on existing subway tunnels or only on the influence of shield construction disturbance
on surface subsidence, but there are few studies on the influence of high-speed railway
tunnels under the combined action of new tunnel disturbance and existing tunnel influ-
ence. However, the operation speed of high-speed railway tunnels is as high as 350 km/h,
and the deformation of existing tunnels caused by new tunnel construction may reduce
the smoothness and safety of high-speed railway operation. Unlike circular subway tun-
nels, the section of high-speed railway tunnels is usually horseshoe-shaped, which makes
the stress or deformation distribution of lining more complex. The lining of high-speed
railway tunnel is constructed by construction joints along the longitudinal direction. In
theoretical or numerical analysis, the lining is usually simplified as a continuous struc-
ture [24]. This kind of underground continuous beam has the effect of reducing the surface
deformation caused by tunnel excavation, which is usually considered as a shielding ef-
fect [22]. However, if the high-speed railway tunnel is simplified as a longitudinal beam, it
is unclear how the tunnel construction connection affects its shielding effect during tunnel
excavation.
In this paper, the influence of shield tunnel under existing high-speed railway tunnel

is studied by centrifuge test and three-dimensional numerical simulation. The influence
of settlement joint on existing structure is studied by scale model test, and the influence
of steel pipe pile reinforcement on existing high-speed railway tunnel is considered in the
process of numerical calculation. The surface deformation, deformation and stress laws of
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existing tunnel lining in double-tunnel construction are mainly studied, so as to provide
reference for tunnel design and construction in the future.

2. Project profile

2.1. The description of project

The section of Changsha Metro Line 3 Gas Trade Avenue Station-Xing sha Avenue
Station is arranged along the east-west direction of Kaiyuan West Road. The section is
constructed by shield method. The shield tunnel passes through the existing high-speed
railway tunnel at DK 34 + 856, which is vertical to each other, as shown in Fig. 1.

(a)

(b)

Fig. 1. Relative position relationship between existing tunnel and new tunnel:
(a) Plane position relation; (b) Section position relation

The high-speed railway tunnel has been put into use. Although the design speed in the
tunnel is 350 km, the running speed of the high-speed train is usually 300 km. The existing
tunnel lining adopts horseshoe section, the section width is 14.9 m, the height is 12.78 m,
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and the inverted arch thickness is 0.9 m, as shown in Fig. 2a. The inner diameter of the
newly-built shield tunnel is 5.4 m, and the outer diameter is 6.0 m. The lining is made of
0.3 m thick C50 reinforced concrete, as shown in Fig. 2b.

(a) (b)

Fig. 2. Tunnel section design: (a) High-speed railway tunnel design section; (b) Design section
of shield tunnel

2.2. Engineering geological condition

The typical soil profile in the study area is shown in Fig. 1. The upper layer is an
artificial filling soil layer with a depth of 4.6 m. The underlying soil layer is characterized
by silty clay with a depth of 8.1 m, followed by strong weathered argillaceous siltstone
with a thickness of 3.5 m. The excavation of a new double shield tunnel underneath the
weathered argillaceous siltstone is shown in Fig. 1. According to geological exploration
reports, the physical and mechanical properties of each soil layer are listed in Table 1.

Table 1. Physical and mechanical properties of soil layers

Stratum
Soil unit
weight
(kN/m3)

Young
modulus
(MPa)

Inter
friction
angle
(◦)

Cohesive
stress
(kPa)

Poisson
ratio

Artificial soil layer 19.4 10 15.0 35 0.35

Silty clay 20.0 30 16.5 42 0.3

Strongly weathered
argillaceous siltstone 22.2 400 17 50 0.27

Moderately weathered
argillaceous siltstone 23.0 1000 20 80 0.25
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3. Three-dimensional centrifuge model tests

3.1. Experimental program and setup

In this study, two centrifuge model tests were carried out in the centrifuge test device.
The centrifuge capacitywas 400 g-t, and the rotation radiuswas 4.2 m. These two centrifuge
tests were carried out under 60 g (gravity acceleration). The model container used in the
test was 1250 mm long, 930 mmwide, and 850 mm high. Except that in Test 2, a settlement
joint was set on the existing tunnel, the structures of the two tests were completely the same.
Fig. 3a shows the typical plane diagram of the centrifuge model. The new shield tunnel is
vertical to the existing tunnel, and the left tunnel is excavated first, and the right tunnel is
excavated later.
Figures 3b shows the typical elevation view of the centrifuge model. The thickness of

sand is 800 mm, equivalent to 48 m of the prototype. The buried depths of the built tunnel
and the newly excavated tunnel are 72.5 mm and 477.5 mm, respectively, corresponding to
4.35 m and 28.65 m in the field. The section heights of the existing tunnel and the newly
excavated tunnel are 184.6 mm and 100 mm, respectively, corresponding to 11.1 m and
6 m on site.

(a) (b)

Fig. 3. Typical plan and elevation view of centrifuge model: (a) Plan view; (b) Elevation view

3.2. Model tunnel settlement joint

Figure 4 shows the process of preparing the settlement joint in test 2. The existing
tunnel was completely cut off at the middle line. Before the experiment, the two tunnels
were temporarily connected by four thin aluminum sheets to facilitate putting them into the
model box. Four potentiometers were arranged at the middle line position of the internal
section of the existing tunnel to measure the change of the inner diameter of the existing
tunnel in the vertical and horizontal directions.
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Fig. 4. Preparation process of the settlement joint

3.3. Simulation of tunnel excavation

In the actual construction process, shield tunnel construction is composed of earthwork
excavation, tunnel lining installation and tail hole grouting. All these construction activities
cause surface subsidence, but it cannot distinguish the contribution of each process to
surface subsidence and existing tunnel deformation. Therefore, the overall tunnel volume
loss is simulated in centrifuge test rather than detailed construction activities. In this
study, in general, the simulation method of tunnel volume loss is realized by discharging
a large amount of heavy liquid during the construction process, which is a common tunnel
excavation simulation technology in the literature. Although this simulation technology
cannot capture all tunnel construction activities, the key influence of volume loss is well
captured.
As shown in Fig. 5, the model tunnel is composed of rubber bag, dumbbell-shaped

frame and six drainage holes.
The outer diameter and arm thickness of the rubber film are 100 mm and 1 mm,

respectively. This rubber is sealed at both ends of the dumbbell-shaped frame. Two holes

Fig. 5. Simulation system test diagram of formation loss
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were designed at both ends of the dumbbell-shaped frame to remove any bubbles in
the model tunnel. The two holes are sealed after removing the bubbles in the model
tunnel. The rubber belt is filled with zinc chloride solution. The solution is approximately
incompressible, and the density is close to that of sand in the test. In centrifuge test, the
simulation of tunnel excavation is realized by releasing zinc chloride solution in one rubber
bag inside and outside the tunnel lining. By releasing the solution outside the tunnel lining,
the ground loss caused by tunnel excavation can be simulated (2%). The self-weight loss
in tunnel can be simulated by releasing the solution in tunnel lining. Ng conducted a three-
dimensional centrifuge test on the interaction between two tunnels, and found that theweight
loss of the tunnel response caused by the excavation below the tunnel is negligible [19].
For convenience, tunnel volume loss is simulated by drainage during construction.

3.4. Model preparation

For the sake of simplicity, two centrifugal tests were carried out with dry Toyoura sand
with good engineering properties. This is a kind of fine sand with poor gradation, and
the particle size (𝐷50) is 0.17 mm. The maximum void ratio (𝑒max), minimum void ratio
(𝑒min), specific gravity (𝐺𝑠) and internal friction angle (𝜑′𝑐) were 0.977, 0.597, 2.65 and
31◦, respectively [25–27].
In this study, sand rain method was used to prepare relatively uniform and repeatable

sand samples. In order to obtain medium density sand samples, the measured rainfall
distance from the sand surface is maintained at 800 mm. When the sand reaches the
inverted arch level of tunnel and pipeline, the model tunnels and pipelines are installed
respectively. After the model preparation, the average dry densities of sand samples were
1490 and 1493 kg/m3, respectively. The relative densities (𝐷𝑟 ) of test 1 (continuous tunnel)
and test 2 (joint tunnel) were 0.52 and 0.53, respectively.

3.5. Centrifuge testing procedures

After the centrifugal model was prepared, the gravity acceleration gradually increased
from 1 g to 60 g.When all LVDT and strain gauge readings are stable, the tunnel excavation
in the air is simulated by controlling well-drained water. The test is divided into five stages:
the centrifuge acceleration rises to 60 g, after the measurement data reading is stable, the
air valve is opened, and the liquid in the water belt is gradually released to simulate the
tunneling process of the tunnel. After the zinc chloride solution in each water-saving bag
is released, wait for 2 minutes and release the next section. As shown in Fig. 3a. The
excavation process of the newly excavated tunnel is simulated by the method of discharging
heavy liquid.
The excavation sequence is from 1L to 6R and 3L, 3R, 4L and 4R are below the

constructed high-speed railway tunnel. The length of each excavation is 60 mm which
correspond to site is 3.6 m. On the lower side of the model box is a reserved square slot
for placing the control valves and heavy liquid storage tanks required to simulate tunnel
excavation.
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4. Three-dimensional numerical analysis

4.1. Model overview

To further study the influence of settlement joints and steel pipe pile on existing tunnels.
The finite element softwareMIDAS/GTS is used to establish a three-dimensional numerical
calculation model. The size of the model is 120 m×120 m×80 m. The grid of the existing
tunnel and the new tunnel is locally encrypted. The bottom of the model is completely
constrained and the side is horizontally constrained. Three deformation joints are set along
the longitudinal direction of the existing high-speed railway tunnel. The total number of
grids is 450 thousands and the total number of node is 420 thousands. All deformation
joints are filled with entities to restrict their longitudinal displacement. The buried depth
of the existing high-speed railway tunnel is 4.3 m, and the tunnel structure is horseshoe
section. The buried depth of the new tunnel is 29.6 m. The overall grid of the model is
shown in Fig. 6a. The position relationship between the existing tunnel and the new tunnel
is shown in Fig. 6b. The reinforced steel pipe pile is shown in Fig. 6c.

Fig. 6. Finite element calculation model: (a) overall calculation model; (b) the position relationship
between the existing tunnel and the new tunnel; (c) steel pipe pile

4.2. Design conditions

The initial support of the existing high-speed railway tunnel is C35 concrete with
a thickness of 35 cm, and the secondary lining is C40 concrete with a thickness of 40 cm.
The newly-built shield tunnel adopts C50 concrete with segment diameter of 6 m and
thickness of 30 cm. The lining of the existing tunnel, the segments of the new tunnel
and the soil are simulated by solid element, and obey the Mohr-Coulomb yield criterion.
Considering the influence of segment joint on lining strength, the elastic modulus of
segment should be reduced by 20%. The structural physical parameters are shown in
Table 2.



MECHANICAL CHARACTERISTICS OF TWIN TUNNEL UNDERNEATH CONSTRUCTION . . . 411

Table 2. Material properties of the structures

Materials Unit weight
(kN/m3)

Elastic modulus
(MPa) Poisson ratio

Secondary lining of high
speed railway tunnel 25 3.15 × 104 0.20

Invert filling concrete 25 2.55 × 104 0.20

Concrete slab 25 3.25 × 104 0.20

Segment lining 25 2.76 × 104 0.20

Shield machine 78.5 2.10 × 105 0.25

4.3. Construction process simulation

Due to the long distance of shield propulsion, alternate passivation of tunnel soil unit
and activation of shield shell unit, segment unit and grouting layer are adopted to simulate
the process of tunnel excavation and grouting reinforcement. The shield shell, grouting
and other layers are simulated by plate element, and the grouting pressure is added at
the same time. The cutting effect between the cutterhead and the soil is simulated by
applying circumferential force on the soil surface. The simulation of excavation process
mainly includes shield excavation, the application of earth pressure, torque, top thrust and
grouting reinforcement. Considering that grouting reinforcement needs a process to form
strength bearing, the grouting pressure and grouting layer are applied to simulate, and the
segments are continuously applied with the advancement of shield machines.
In the whole excavation process, themain role of the shield is to support the surrounding

soil, passivation shield is the shield tail away from the current position; the soil in the
passive excavation area is excavated in the actual excavation process; activation segment is
the segment assembly in the actual tunneling process; activation grouting is the shield tail
grouting in the actual tunneling process, but the grouting has a curing process. Therefore,
in the simulation construction process, after all the excavation is completed, the grouting
layer is solidified and realized by changing the material properties. The simulation of shield
tunneling process is shown in Fig. 7.

Fig. 7. Simulation of shield tunneling process
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5. Results and discuss

5.1. Study on deformation law of shield tunneling under existing tunnel

Figure 8 is the vertical displacement nephogram of the existing tunnel when the double-
line shield tunnel excavation is completed. It can be seen fromFig. 8 that after the excavation
of the left tunnel, the maximum settlement value of the existing tunnel lining appears above
the axis of the left tunnel, which is 1.73 mm; after the completion of the right line tunnel
excavation, the settlement value distribution of the existing tunnel lining is small at both
ends and large in the middle, and the maximum value is 2.56 mm. The settlement value
of the existing tunnel caused by the first shield tunnel construction has reached 67% of
the completion of the tunnel construction. It can be seen that the first shield tunnel has
a great influence. In addition, shield tunnel excavation has a great influence on the lining
of high-speed railway tunnel just above.

(a) (b)

Fig. 8. Horizontal displacement changes of Liuyang River tunnel in different construction stages:
(a) after excavation of 1st new tunnel; (b) after excavation of 2nd new tunnel

5.2. Longitudinal bending strain of existing tunnels induced
by double tunnel excavation

Figure 9 shows the bending strain of the existing tunnel arch bottom caused by the
double-track shield excavation. It can be seen from the diagram that the calculated value
and the measured value are slightly different, which may be due to the assumption that the
existing tunnel is calculated according to the theory of the beam, resulting in inaccurate.
However, the calculated values of longitudinal bending strain are in good agreement with
the measured values, and the maximum values are basically the same.
As shown in Fig. 9, the bending positive strain occurs on both sides of the middle

line of the existing tunnel, and the bending negative strain is at both ends of the existing
tunnel. The change is basically consistent with the settlement curve of the arch bottom.
After the left and right line shield excavation is completed, the total bending strain in the
middle of the existing tunnel is 37.6 μ𝜀, and the negative strains at both ends are −9 μ𝜀 and
−5 μ𝜀, respectively. Considering that in ACI2001, the ultimate tensile strain (cracking) of
unreinforced concrete is 150 μ𝜀. In this test, the measured tensile strain is less than 150 μ𝜀,
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Fig. 9. Influence of double tunnel construction on longitudinal bending moment of existing tunnel

because the size and thickness of the existing tunnel is very large, resulting in a more
general tunnel (the left and right lines in this test) stiffness is much larger.
The maximum bending strain caused by the excavation of the left line is 25.2 𝜇𝜀,

which appears on the axis of the left line and gradually changes to −8 μ𝜀. The maximum
bending strain caused by right line excavation is 11% smaller than that caused by left
line excavation. The arch bottom settlement and longitudinal bending strain results of the
existing line caused by the above double-line excavation mean that the influence of the
right line of subsequent excavation on the existing tunnel is smaller, which is basically
5÷11% smaller. The reason for this phenomenon is that after the left-line shield excavation
is completed, the soil stress near the existing tunnel is redistributed. The first excavated
left line reduces the soil stiffness in a small range near the excavated tunnel, because
the constraint pressure near the tunnel is reduced. However, the stiffness of the adjacent
soil is improved due to the increase of the constraint pressure, such as the soil near the
existing tunnel and the subsequent excavation of the right-line tunnel, so the influence of
the right-line excavation on the existing tunnel is smaller.

5.3. Study on stress law of shield tunnel undercrossing existing tunnel

Figure 10 shows the axial stress diagram at the vault of the existing tunnel lining
with and without construction joints in the numerical model. The maximum tensile stress
of the existing tunnel without construction joints is 0.53 MPa. However, considering the
construction joint, the stress distribution of segment lining is lower than the results discussed
above, and the maximum tensile stress in lining is reduced to 0.42 MPa, which is 21% lower
than that without considering the construction joint. In addition, the tensile stress near the
construction joint decreases rapidly. In this case, the existing tunnel structure is in a safe
state during the construction of the double-track shield tunnel, and the lining of the existing
high-speed railway tunnel is not damaged.
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Fig. 10. Influence of double tunnel excavation on axial stress of existing tunnel

Fig. 11 shows the numerical results of circumferential stress of tunnel cross section
when X/Z = 0.

Fig. 11. Circumferential stress induced by excavation of new tunnels

The results show that the calculated tensile stress on the vault, invert and foot sides
of the tunnel is consistent with the stress distribution in the centrifugal test. Without con-
sidering the construction joints, the maximum tensile stress is 0.53 MPa. On the contrary,
considering the construction joint, the maximum tensile stress is 0.18 MPa. However, the
mechanical performance shows that the existing tunnel is in a safe state considering the
construction joints. The stress exceeds the actual stress without considering the construction
joints, which may lead to more conservative construction measures.
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5.4. Study on internal force law of shield tunnel undercrossing
existing tunnel

Figures 12, 13 and 14 show the internal force contours of the lining of the high-speed
railway tunnel before shield construction, after the completion of the right line excavation
and after the completion of the left line excavation.

(a) (b)

Fig. 12. Internal force diagram of existing tunnel before shield construction: (a) axial force diagram;
(b) Moment diagram

(a) (b)

Fig. 13. The internal force diagram of the existing tunnel after the completion of the right line
excavation: (a) axial force diagram; (b) Moment diagram

(a) (b)

Fig. 14. The internal force diagram of the existing tunnel after the completion of the left line
excavation: (a) axial force diagram; (b) Moment diagram
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It can be seen from the figure that after the lining construction of the existing high-
speed railway tunnel is completed, the lining axial force is concentrated at the bottom of
the lining and the arch waist position, and the maximum axial force is 1336.1 kN. After
the excavation of the right line of the shield, the axial force of the lining of the high-
speed railway tunnel above the right line is concentrated at the vault, and the maximum
stress concentration is 1653.6 kN; after the excavation of the left line of the shield, the
axial force concentration area of the lining extends to the lining just above the left line.
The axial force concentration area is located at the deformation joint of the lining, and
the maximum axial force is 1812.4 kN, increasing by about 476.3 kN. The comparative
analysis shows that shield excavation has a certain influence on the axial force change at
the deformation joint of Liuyang River tunnel lining, and the increase is small, which is
far less than the allowable bearing capacity of high-speed railway tunnel. According to the
variation of bending moment of high-speed railway tunnel lining with shield excavation,
it can be seen that the bending moment of lining does not appear concentrated at the joint
of deformation joints. After the completion of high-speed railway tunnel construction, the
maximum lining bending moment is 124.6 kN·m. After the excavation of the right line
and the left line of the shield, the maximum lining bending moments are 128.1 kN·m and
128.4 kN·m, respectively. The comparative analysis shows that the bending moment of
high-speed railway tunnel lining changes little after shield excavation, and the influence of
shield excavation on high-speed railway tunnel lining is small.

5.5. Analysis of surface subsidence caused by shield excavation

Figure 15 is the surface subsidence curve caused by shield excavation in three different
cases, three cases are: (a) set three subsidence joints along the high-speed railway tunnel
and connect with the lining; (b) The settlement joint of the high-speed railway tunnel is
not considered; (c) The influence of high-speed railway tunnel is not considered.

Fig. 15. Surface subsidence curve caused by double shield excavation
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It can be seen from the diagram that when considering the construction joint of the
existing high-speed railway tunnel, the width of the ground settlement trough is obviously
larger than that without considering the construction joint. Although the depth of the
ground settlement trough increases during the excavation of the right line tunnel, the
research results still show that the settlement trough caused by the construction joint of
the high-speed railway tunnel lining is relatively narrow but deeper than that without
considering the construction joint. In addition, without considering the existing tunnel, the
maximum ground settlement is 2.19 mm, 49% larger than that without construction joints
and 41% larger than that with construction joints.
The above results show that the existence of construction joints will reduce the shielding

effect of high-speed railway tunnel on surface settlement. Nevertheless, compared with the
case without existing tunnels, the existing tunnels considering construction joints have
obvious shielding effect on surface settlement. When ignoring the existence of existing
tunnel construction joints, it will cause large settlement trough and underestimate the
maximum settlement value.

5.6. Effect of steel pipe pile reinforcement on vertical displacement
of existing tunnel

According to the existing high-speed railway tunnel control specification require-
ments [28], the maximum vertical settlement of the high-speed railway tunnel in operation
should not be higher than 2 mm. Combined with Fig. 9, it can be found that the maximum
settlement of the existing high-speed railway tunnel caused by the construction of the
double-line shield tunnel is as high as 2.56 mm, which is beyond the maximum allowable
range of the specification. This shows that the soil needs to be strengthened before the shield
excavation to control the settlement of the existing high-speed railway tunnel. Fig. 16 is
the displacement nephogram of the existing tunnel considering the reinforcement of steel
pipe piles. It can be seen from the figure that the vertical displacement of the lining of
the existing high-speed railway tunnel decreases significantly after the reinforcement of
the steel pipe pile. When the right line tunnel construction is completed, the maximum
settlement of the existing high-speed railway tunnel lining is 1.42 mm, andwhen the double

(a) (b)

Fig. 16. Surface subsidence curve caused by double-line shield excavation (a) after excavation of 1st
new tunnel; (b) after excavation of 2nd new tunnel
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line shield tunnel construction is completed, the maximum settlement of the existing high-
speed railway tunnel lining is 1.62 mm, which is within the safe range considered in the
specification. That is to ensure the safe operation of the existing high-speed railway tunnel
needs to consider the reinforcement of the steel pipe pile in the shield tunnel construction.

6. Conclusions

This paper studies the influence of new shield tunnel undercrossing on existing high-
speed railway tunnel. Combined with centrifuge model test and three-dimensional numer-
ical simulation analysis results, the following conclusions can be drawn:

1. A refined numerical model of existing tunnels considering construction joints is
proposed. The results of numerical analysis show that the construction joints of ex-
isting tunnels significantly reduce the shielding effect of existing high-speed railway
tunnels on the ground. Compared with the case without considering the construction
joints, the smaller shielding effect leads to the increase of the vertical displacement
of the existing tunnel and the surface. When the construction joints are considered
in the existing tunnel, the maximum ground settlement increases and the width of
settlement trough decreases.

2. The settlement value of the existing tunnel caused by double-line shield tunnel
construction needs to be controlled by steel pipe pile reinforcement to meet the
requirements of the specification. The double-line shield tunnel construction has
little effect on the internal force of the existing high-speed railway tunnel, and the
reinforcement of the high-speed railway tunnel lining meets the stress requirements.

3. The existence of construction joints changes the mechanical response of high-speed
railway tunnel structure to the construction of double-line shield tunneling. The
maximum stress of existing tunnel lining caused by double-line tunnel construction
is reduced by the existence of construction joints, especially the tensile stress near
the construction joints. In other words, without considering the construction joints,
the numerical analysis underestimated the surface settlement, but overestimated the
mechanical performance of the results of the existing tunnel.

At present, the soil is usually considered as a multi-layer uniform material, and the
influence of groundwater level is usually ignored in the research process. In particular,
the effective and accurate analysis in numerical simulation needs to further consider the
influence of fluid-solid coupling effect on soil. The author will study it further in the future.
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