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Abstract: Deep excavations near subway tunnels can induce deformation, necessitating a comprehen-
sive investigation into causal factors and mitigation strategies. Field measurements were conducted to
assess both vertical and horizontal displacements of existing tunnels near a deep excavation in Shen-
zhen. Utilizing a validated three-dimensional finite element model that considers structure−strata
interactions, this study analyzes tunnel displacements, ground movements, diaphragm wall impacts
and the sensitivity of enclosure structure parameters. The results indicate that tunnel deformation
correlates with enclosure structure deformation, particularly near the center of the pit. Moreover,
shallow soil excavation significantly affects the vertical displacement of shallow-buried tunnels.
However, the design parameters of the existing enclosure structures inadequately limit tunnel dis-
placement. Therefore, it is crucial to intensify vertical displacement monitoring in shallow tunnels
during early excavation stages and to enhance horizontal displacement monitoring during later
phases. Implementing measures such as optimizing central support design or retaining soil at the pit
bottom helps control maximum horizontal displacement. While support stiffness plays a greater role
than retaining wall thickness, its impact on deep excavation projects is limited.

Keywords: foundation pit; side tunnel; numerical simulation; field monitoring

1. Introduction

Urban subway networks are expanding, leading to the emergence of rail transit hubs
that interconnect various lines. Hub stations, with their complex layouts and multiple
intersections, significantly influence nearby tunnels during deep excavation activities. Ex-
cavation of the foundation pit disrupts the equilibrium of the surrounding soil, causing
deformation and displacement, particularly in tunnels parallel to the pit. Significant tunnel
deformation can result in cracks and leaks, thereby jeopardizing rail transit safety; therefore,
precise analysis and control of the impact of hub construction on adjacent tunnels are cru-
cial. In the field of underground structures and geotechnical engineering, the influence of
foundation pit excavation on surrounding tunnels has long captivated researchers. Scholars
globally have explored this issue from various angles, including theoretical analysis [1,2],
numerical simulation [3–5], physical model experiments [6,7], and field monitoring [8–10].
Zhang and Wei [11,12] proposed a sidewall unloading model that considers the deforma-
tion of retaining structures during excavation, providing essential theoretical support and
validating the reliability of their approach. Li [13] offered specific recommendations for
optimizing excavation methods through numerical simulations of the divided alternate
excavation method, advancing engineering practices. Jin [14] analyzed extensive monitor-
ing data and proposed empirical equations to predict the deformation of existing tunnels,
providing valuable insights regarding risk assessment and control in practical engineer-
ing. Chen [15] investigated the effects of large excavations in soft soils on existing metro
tunnels and proposed effective protective measures, offering practical recommendations
for underground engineering safety. Liu and Ye [16,17] conducted thorough studies on the

Appl. Sci. 2024, 14, 4153. https://doi.org/10.3390/app14104153 https://www.mdpi.com/journal/applsci

https://doi.org/10.3390/app14104153
https://doi.org/10.3390/app14104153
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/applsci
https://www.mdpi.com
https://doi.org/10.3390/app14104153
https://www.mdpi.com/journal/applsci
https://www.mdpi.com/article/10.3390/app14104153?type=check_update&version=2


Appl. Sci. 2024, 14, 4153 2 of 15

stability of tunnels under excavation through numerical simulations and finite element
analyses, suggesting corresponding safety evaluations and protective measures. Liu and
Fu [18,19] examined the effects of different support schemes on nearby tunnel deformations
through numerical simulations and theoretical calculations, providing technical guidance
for engineering practices. Ter-Martirosyan and Lu [5,20] derived regression equations
and conducted impact factor analyses to predict tunnel deformations through geological
monitoring and finite element modeling, providing important reference points for engi-
neering design and construction. Liu and Xie [21,22] conducted laboratory experiments
and numerical simulations, respectively, illustrating the effectiveness of a grouting layer in
enhancing the lining resistance to deformation, particularly when tunnels pass through
settlement-sensitive zones. Previous research has established a solid foundation for un-
derstanding how foundation pit construction impacts tunnel deformation; however, it is
crucial to acknowledge the regional and uncertain nature of foundation pit engineering.
The impact of different support systems on nearby buildings and structures varies, espe-
cially for lateral tunnels close to the site. This paper aims to compare and analyze field
monitoring data and numerical simulation results from a hub foundation pit project in
Shenzhen, seeking to explore how adjacent lateral foundation pit excavation affects existing
tunnels in the project area while analyzing the sensitivity of retaining structure parameters
and providing a basis for understanding the impact of foundation pit excavation.

2. Engineering Background

The project is situated in the central urban area of Shenzhen, where the terrain is
relatively flat. Geological drilling at the site has revealed the main geological layers, which
from top to bottom, include unconsolidated soil, unconsolidated soil (gravel), sand and
gravel, gravelly cohesive soil and weathered granite. The tunnel structure’s bottom plate is
primarily located within gravelly cohesive soil. The site’s groundwater is classified into
two types, which are loose rock pore water, predominantly found in the fluvial and alluvial
sand layers and residual gravelly cohesive soil layers, and bedrock fissure water, which is
primarily found in blocky, strongly and moderately weathered fracture zones. This water
type exhibits slight compressibility, is chiefly replenished by pore water, and is expelled
through underground runoff. An existing subway tunnel is adjacent to the site, with the
right-side tunnel situated 3.9 m from the north side of the foundation pit. The spatial
relationship between the foundation pit and the existing tunnel is illustrated in Figure 1.

During operations, the subway tunnel strictly controls structural deformations, such
as settlement, horizontal displacement, and differential deformation. Considering factors
such as engineering geology, hydrogeology, and environmental impacts, the foundation
pit utilizes a support system that includes a 1000/1200 mm-thick diaphragm wall with
internal bracing. Concrete supports are placed at both the north and south ends of the pit,
with six concrete supports situated at each end. In the standard section, the first and fifth
supports are concrete, with the second, third, fourth, and sixth supports comprising steel
pipes with a diameter of 800 mm and a thickness of 20 mm.

Automated monitoring sections are positioned at 5 and 10 m intervals along the
alignment of the tunnel section, with intensified monitoring at Area 1. Each section
contains five monitoring points to track deformations of the tunnel vault, haunch, and
bottom plate. Figure 2 shows the foundation pit profile and the layout of monitoring points.
The deformation monitoring control indicators for this project are detailed in Table 1.

Table 1. Deformation monitoring control indicators.

Monitoring Projects Preliminary Alert Threshold Alert Threshold Control Limit

Absolute structural
deformation 6.0 mm 8.0 mm 10.0 mm
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Figure 2. Cross-section of the pit and tunnel with monitoring points and staged excavation depths.

3. Numerical Simulation
3.1. Description of the FE Model

Using the finite element method, a numerical model was developed to simulate the
interaction between the strata, support, and structure of the project. This three-dimensional
model, as depicted in Figure 3, spans 380 m in length, 200 m in width, and 50 m in height,
conforming to the construction scheme and boundary effects. The existing tunnel’s right
line is located 3.9 m north of the foundation pit and at a depth of 9.3 m. The model features
increased mesh density in deformation-sensitive areas such as tunnel structures, retaining
walls, and the surrounding strata. The displacement boundary conditions, as illustrated
in Figure 3, include no horizontal displacement along all vertical mesh boundaries (in
order to simulate a real-world scenario of only settlement deformation without lateral soil
movement), no vertical or horizontal displacement at the bottom boundary of the mesh
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(which mimics a stable bedrock scenario), as well as freedom for displacement along the
top boundary. Figure 4 details the structural features of the support system and the specific
placement of supports in sections a-a and b-b.

Appl. Sci. 2024, 14, x FOR PEER REVIEW 5 of 18 
 

 

Figure 3. Finite element model. 

  

Figure 3. Finite element model.

Appl. Sci. 2024, 14, x FOR PEER REVIEW 6 of 18 
 

 
(a) support structure 

  
(b) a-a section (c) b-b section 

Figure 4. Layout of support structure. 

The numerical simulation proceeded as follows: Initially, the geo-stress was bal-

anced, and then the model was rebalanced following the sequential construction of tunnel 

segments. Subsequently, the retaining structure, which includes the diaphragm wall, grid 

columns, and pile foundations, was built. The soil was then excavated using the birth-and-

death element method and segmented into six layers, as depicted in Figure 2. The excava-

tion continued progressively with support until the bottom of the pit was reached. 

Throughout the simulation, deformations at the tunnel vault and haunch positions were 

continuously monitored. 

3.2. Model Parameters 

The model for the strata utilizes the modified Mohr−Coulomb model, which is an 

optimized version of the traditional Mohr−Coulomb model incorporating soil hardening 

characteristics. This model allows the elastic modulus to vary based on loading and un-

loading conditions, making it highly suitable for simulating foundation pit excavations 

[23]. The parameters of the soil used in this study are detailed in Table 2 and all derived 

from laboratory tests. Due to the relatively minor presence of groundwater at the site and 

preemptive waterproofing measures, groundwater seepage was not incorporated into the 

numerical model. 

Figure 4. Layout of support structure.



Appl. Sci. 2024, 14, 4153 5 of 15

The numerical simulation proceeded as follows: Initially, the geo-stress was balanced,
and then the model was rebalanced following the sequential construction of tunnel seg-
ments. Subsequently, the retaining structure, which includes the diaphragm wall, grid
columns, and pile foundations, was built. The soil was then excavated using the birth-
and-death element method and segmented into six layers, as depicted in Figure 2. The
excavation continued progressively with support until the bottom of the pit was reached.
Throughout the simulation, deformations at the tunnel vault and haunch positions were
continuously monitored.

3.2. Model Parameters

The model for the strata utilizes the modified Mohr−Coulomb model, which is an
optimized version of the traditional Mohr−Coulomb model incorporating soil hardening
characteristics. This model allows the elastic modulus to vary based on loading and un-
loading conditions, making it highly suitable for simulating foundation pit excavations [23].
The parameters of the soil used in this study are detailed in Table 2 and all derived from
laboratory tests. Due to the relatively minor presence of groundwater at the site and
preemptive waterproofing measures, groundwater seepage was not incorporated into the
numerical model.

Table 2. Physical and mechanical properties of soil.

Stratigraphic Sequence Unit Weight (kN/m3)
Compression Modulus

(MPa)
Direct Shear

Friction Angle (◦) Cohesion (kPa)

Stockpile soil 18.2 5 15.0 12.0
Gravelly clay 18.1 6 23.0 22.0

Strongly weathered granite 18.9 12 27.0 25.5
Fully weathered granite 18.6 8 24.0 24.5

Considering the substantially higher strength of concrete and steel compared to soil
materials, using elastic materials [15,24] for the simulation is justified. Both the diaphragm
wall and internal supports are modeled using elastic parameters based on their actual
properties. The tunnel lining is represented as an orthotropic linear elastic material, with
detailed parameters being listed in Table 3. The geometric shape of the grid columns is
complex; therefore, equivalent cross-sectional dimensions were calculated based on stiff-
ness equivalency. Considering the decrease in stiffness resulting from the joints [25], the
rigidity ratios for the lining were adjusted to 0.7 [15,26] in the circumferential direction and
0.1 [27] in the longitudinal direction, resulting in elastic moduli of 24.15 GPa circumfer-
entially and 3.45 GPa longitudinally. Table 3 displays the parameters of the structure and
support models.

Table 3. Simulation model parameter description.

Parameters Basic Size/mm Unit Weight
(kN/m3)

Elastic Modulus
(GPa) Poisson’s Ratio Element Type

lining Diameter 6000
Thickness 300 24 34.5 0.1 Plate

diaphragm wall 1000/1200 24 31.5 0.2 Plate
Bracing I 600 × 600 24 31.5 0.2 implantable truss
Bracing II 1000 × 1200 24 31.5 0.2 implantable truss

pipe support Diameter 800
Thickness 20 76 250 0.25 implantable truss

lattice column 400 × 400 hollow 76 250 0.25 implantable beam
pile 1200 24 31.5 0.2 implantable truss
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3.3. Model Validation

During the excavation of the foundation pit, the displacements of the existing tunnel
vault and haunch were closely monitored. Field monitoring data from the right-side
tunnel, collected after the completion of the excavation, were compared with corresponding
numerical simulation results. This comparison allowed for the validation of the numerical
model’s rationality by correlating the displacement values of different tunnel sections in
the model with the actual measurements.

Figure 5 illustrates the vertical displacement of the right-side tunnel vault, comparing
results from both the numerical simulation and field monitoring. Positive values represent
uplift, while negative values represent settlement along the vertical axis. The east side of the
tunnel corresponds to the existing station, with the horizontal axis representing the distance
from the station’s opening. The displacement trend indicates that, upon completion of the
foundation pit excavation, the maximum accumulated vertical displacement predominantly
occurs at the northern end of the hub area, forming a “spoon” shape along the tunnel axis.
This pattern highlights the significant disturbance impacts of the excavation on the tunnel
within the hub area. Near the northern end, the increase in the curve’s slope suggests
a localized impact from the excavation. The maximum measured vertical settlement is
13 mm, whereas the maximum settlement in the numerical simulation is 8.6 mm, indicating
a relatively close agreement between the two results and validating the reliability of the
model. However, due to complex factors, such as additional site excavation and dewatering
during actual construction, the vertical displacement curve from the simulation in Figure 5
does not perfectly align with the measured data. Nonetheless, both sources exhibit relatively
consistent trends in displacement changes, especially near the northern end of the hub area,
where the data align more closely.
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Figure 5. Vertical displacement of tunnel vault.

Figure 6 presents the horizontal displacement of the right-side tunnel, comparing
numerical simulation and actual monitoring results. Positive values indicate movement
toward the pit. The data show a consistent trend in the horizontal displacement of the
tunnel haunch, with greater displacement near the northern end of the hub area and lesser
displacement farther away. The maximum values observed in the field were 21 mm, while
the simulation showed a maximum of 15.29 mm, with both occurring at the northern end,
underscoring the localized impact of the excavation. The simulated horizontal displacement
values are generally lower than those measured, likely influenced by other construction
activities at the site. However, the close approximation and consistency between the
measured and simulated results affirm the model’s reliability.
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Figure 6. Horizontal displacement of tunnel haunch.

4. Simulation Results
4.1. Tunnel Vertical Displacement

Figure 7 illustrates the vertical displacement distribution of the existing tunnel vault
during the foundation pit excavation, showing that the excavation process disturbs the
foundation pit, leading to vertical settlement in the tunnels nearby. A notable increase
in the rate of vertical settlement is observed within a specific range of the foundation pit,
delineating a significant zone of vertical displacement disturbance.
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Figure 7. Vertical displacement distribution of tunnel vault.

Vertical displacement is highly sensitive to disturbances from excavation, even with
shallow soil excavation. Throughout the excavation, maximum displacement values are
primarily concentrated in the central area of the pit. As the excavation depth increases,
the increase in vertical displacement is constrained, peaking at 8.60 mm. Significant
disturbances to the tunnel’s vertical displacement occur at a depth of 6 m during the
excavation of the first soil layer. This disturbance results from the cantilevered distribution
of the retaining structure’s displacement, with the maximum displacement occurring at the
top. The loose soil behind the retaining structure further contributes to the tunnel’s vertical
displacement; therefore, it is crucial to enhance monitoring and early warning systems for
vertical displacement in shallow-buried tunnels during the early stages of pit construction.
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Although the excavation depths of the first three soil layers do not exceed the tunnel’s arch
bottom, causing no significant changes in tunnel vertical displacement, once the excavation
depth surpasses the arch bottom, the vertical displacement notably increases.

4.2. Tunnel Horizontal Displacement

Figure 8 presents the horizontal displacement distribution of the existing tunnel vault
during the foundation pit excavation, showing that all tunnels move toward the pit. A
significant increase in the rate of horizontal displacement is observed within a specific
range of the foundation pit, indicating a zone of considerable disturbance. The depth of
soil excavation significantly impacts the horizontal displacement of the tunnel, with deeper
excavations causing greater displacement. This effect is due to the deep soil excavation
pushing the lower and middle parts of the enclosure structure into the pit, thereby moving
the tunnel further toward the pit. Given the tunnel’s proximity to the pit, enhancing the
horizontal displacement monitoring and early warning systems during the middle and late
stages of pit construction is essential.

Appl. Sci. 2024, 14, x FOR PEER REVIEW 10 of 18 
 

−20 0 20 40 60 80 100 120 140 160

0

2

4

6

8

10

12

14

16

18

T
u
n
n
el

 h
o
ri

zo
n
ta

l 
d
is

p
la

ce
m

en
t 

/m
m

Distance from existing station openings/m

 Exc 1

 Exc 2

 Exc 3

 Exc 4

 Exc 5

 Exc 6

Area 1

 

Figure 8. Horizontal displacement distribution of tunnel vault. 

4.3. Ground Displacement 

Figure 9a shows the vertical displacement distribution of the ground surface along 

the B-B section (Figure 3) during the foundation pit excavation. Shallow excavation results 

in maximum vertical displacement at the pit’s edge. As excavation continues, the location 

of maximum vertical displacement gradually shifts outward, forming a settlement trough 

pattern. This shift occurs primarily due to the deformation mode of the retaining structure 

influencing surface displacement. Initially, with shallow excavation, the retaining struc-

ture operates in a cantilevered mode. As excavation deepens, the structure transitions to 

a compound mode, causing the outer soil to move inward towards the middle of the re-

taining structure, leading to ground displacement. 

  

Figure 8. Horizontal displacement distribution of tunnel vault.

4.3. Ground Displacement

Figure 9a shows the vertical displacement distribution of the ground surface along the
B-B section (Figure 3) during the foundation pit excavation. Shallow excavation results in
maximum vertical displacement at the pit’s edge. As excavation continues, the location
of maximum vertical displacement gradually shifts outward, forming a settlement trough
pattern. This shift occurs primarily due to the deformation mode of the retaining structure
influencing surface displacement. Initially, with shallow excavation, the retaining structure
operates in a cantilevered mode. As excavation deepens, the structure transitions to
a compound mode, causing the outer soil to move inward towards the middle of the
retaining structure, leading to ground displacement.

Figure 9b shows the vertical displacement distribution of the ground surface along
the A-A section (Figure 3) during the foundation pit excavation. Notably, both sections
B-B and A-A exhibit traditional settlement trough deformation patterns, though there are
differences within a certain range between them. This discrepancy is attributed to the
interaction between the existing tunnel and the surrounding soil, resulting in the significant
vertical settlement of the tunnel. As a result, the maximum settlement value in section A
occurs directly above the existing tunnel, highlighting the differential settlement patterns
between the B and A sections and underscoring the interaction between the tunnel structure
and the soil. Figure 9c depicts the surface displacement cloud after the completion of the
excavation, illustrating the significant disturbance to the surrounding strata caused by
the excavation.
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5. Analysis of Factors Affecting Tunnel Deformation

In this section, a time-series analysis of field measurements from the A-A section is per-
formed to explore the factors contributing to tunnel displacement. Furthermore, numerical
simulations are employed to examine the impact of the foundation pit’s retaining struc-
ture on tunnel deformation. Additionally, a sensitivity analysis of the retaining structure
parameters is conducted to refine the design and enhance control over tunnel deformation.

5.1. Time Series Analysis of Field Measurements

Throughout construction, an extensive automated monitoring system was imple-
mented to assess the effects of the foundation pit construction on the tunnel. The construc-
tion timeline was divided into four stages: 1⃝ earthwork excavation; 2⃝ support removal,
interspersed with the construction of the negative three-layer middle plate of the founda-
tion pit; 3⃝ encompasses various layer floors and middle plate construction; 4⃝ completion
of the North Hub project, alongside construction activities in the adjacent area. Figure 10
illustrates these key construction steps.
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The previous analysis emphasizes notable displacement near the center of the adjacent
foundation pit. Accordingly, Figure 11 shows the horizontal and vertical displacements at
Monitoring Point 1, which is located in the tunnel section at the pit’s center. Initial distur-
bances from constructing the diaphragm wall resulted in significant tunnel deformation.
At the start of excavation, the tunnel experienced a horizontal displacement of 13.8 mm and
a vertical displacement of −5 mm. In Stage 1⃝, both horizontal and vertical displacements
progressively increased with excavation, demonstrating a linear relationship with the exca-
vation process. During Stage 2⃝, while constructing the negative three-layer middle plate,
tunnel displacements remained relatively stable. However, displacements increased further
during support removal, particularly during the removal of the fifth support, when the
vertical displacement rate surged significantly due to the decreased rigidity of the concrete
support after removal. In Stage 3⃝, the vertical displacement of the tunnel remained stable,
while there was a slight increase in horizontal displacement. Once the floor construction
was completed, the foundation pit stabilized. In Stage 4⃝, tunnel displacement initially
exhibited a slow upward trend, which then decreased until stabilization. The excavation
of the foundation pit was the primary factor causing displacement in the adjacent tunnel.
However, the impact of support removal, particularly the removal of the high-rigidity
concrete support, was significant. After completing the negative one-layer middle plate
construction, the foundation pit and tunnel displacement stabilized.
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Figure 11 shows that both horizontal and vertical displacements of the tunnel exceed
the deformation monitoring control limit (10 mm), triggering several red alert notifications.
This indicates that, under the current support conditions, the displacement of the adjacent
tunnel remains uncontrollable. The next section aims to refine the parameters of the
retaining structure in order to better control tunnel displacement.

5.2. Enclosure Deformation Pattern Effects

This section explores the various deformation patterns of the retaining structure and
their impacts on the existing tunnel outside the pit. Figure 12a illustrates the horizontal
displacement of the diaphragm wall’s middle section at different excavation depths, consid-
ering displacement towards the pit to be positive. The figure indicates that, during shallow
excavations, the retaining structure’s horizontal displacement exhibits a cantilevered distri-
bution, with the maximum displacement at the top. As excavation deepens, this maximum
horizontal displacement gradually transitions from the top towards the pit’s bottom, ex-
hibiting a combined cantilever and inward convex distribution pattern.
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Figure 12b presents the horizontal displacement of the diaphragm wall at various
excavation depths (post-completion) across different cross-sectional positions. The dis-
placement variation at the top of the diaphragm wall is minimal. However, near the pit’s
center, the diaphragm wall shows substantial horizontal displacement at the bottom, sug-
gesting a composite distribution pattern. Conversely, the diaphragm wall near the pit’s
edges displays a more cantilevered pattern due to significant bending moments at the
pit’s center, which result in maximum horizontal displacement. As excavation reaches
the pit’s bottom, enhancing monitoring of the retaining structure and adjacent tunnels
becomes essential. Strategies such as optimizing support design or employing techniques
like soil retention at the pit’s bottom or reinforcement are crucial to mitigate the maximum
horizontal displacement at the diaphragm wall’s middle section.

Figure 13 displays the tunnel section’s deformation near the pit’s center post-excavation
magnified 200 times. The simulated and measured maximum horizontal displacements
of the tunnel are 15.29 mm and 21.1 mm, respectively, both exceeding the 10 mm control
limit. Notably, horizontal displacement exceeds vertical displacement, which is consistent
with the typical deformation characteristics of shallow-buried tunnels in settlement-prone
areas [28]. This pattern results from the composite distribution of the retaining structure,
where significant top displacement induces extensive horizontal displacement in the nearby
tunnel, causing it to expand and flatten horizontally. Although minimal horizontal conver-
gence deformation occurs relative to the overall movement, the tunnel primarily undergoes
a holistic shift. The most significant horizontal and vertical displacements, along with
horizontal convergence, are observed at the pit’s center. Given the substantial horizontal
displacement of the retaining structure near the pit’s middle, the deformation of the existing
tunnel directly relates to that of the adjacent pit retaining structure, highlighting the critical
need for diligent monitoring of the tunnel’s deformation near this area.
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5.3. Sensitivity Analysis of Enclosure Parameters

Previous research has demonstrated that the depth of the diaphragm wall’s embedding
has little impact on tunnel deformation [29]. We adjusted the thickness of the diaphragm
wall and the stiffness of the support structures to examine how changes in these retaining
structure parameters affect the maximum horizontal displacement of the tunnel.

Figure 14a shows the effect of varying the diaphragm wall’s thickness on tunnel
displacement. The data reveal that, although increasing the wall’s thickness can somewhat
mitigate tunnel displacement, the degree of control is limited. For instance, a diaphragm
wall 1.4 m thick reduces tunnel displacement by only an additional 1.71 mm compared
to a 0.6 m wall, which is insufficient to meet deformation control standards. Additionally,
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the benefit of increasing wall thickness diminishes progressively; it does not enhance
deformation control linearly, as it tapers off instead.
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Referring to the cross-sectional dimensions in Table 3, we explored the impact of sup-
port stiffness on tunnel displacement by modifying the support’s cross-sectional area. As
shown in Figure 14b, enhancing the stiffness of the support more effectively controls lateral
tunnel displacement than merely increasing the wall’s thickness. A support with 1.4 times
the stiffness decreases the displacement by an extra 2.82 mm compared to a support with
0.6 times the stiffness, although the restraining effect remains modest. Furthermore, the ef-
fectiveness of controlling deformation reduces as support stiffness increases. It is crucial to
recognize that choosing supports with lower stiffness could worsen the tunnel’s horizontal
displacement, making it impractical to reduce support stiffness in engineering applications.

6. Conclusions

Based on a deep excavation project near an existing tunnel in Shenzhen, field moni-
toring data were analyzed and a numerical model of the structure−strata interaction was
developed. The validity of the numerical model was confirmed through comparison with
the measured data. The following main conclusions were drawn regarding the deformation
characteristics of the excavation and the existing tunnel:

(1) Both the numerical simulations and monitoring data indicate that the design pa-
rameters of the enclosure structure used in this project inadequately limit the displacement
of the adjacent tunnel, especially during the intermediate and later stages of excavation.

(2) Excavating shallow soil layers significantly affects the vertical displacement of
shallow-buried tunnels. It is crucial to enhance monitoring and warning systems for
vertical displacement early in the excavation process. As the excavation reaches the bottom
of the pit, it becomes essential to increase monitoring of the enclosure structure and
adjacent tunnels. Measures, such as retaining soil at the bottom of the pit or reinforcing it,
effectively reduce the maximum horizontal displacement of the central diaphragm wall,
thus managing the displacement of existing tunnels.

(3) The deformation of tunnels directly correlates with the deformation pattern of the
enclosure structure. Significant horizontal displacement of the enclosure structure, partic-
ularly when showing a composite distribution, leads to pronounced vertical, horizontal,
and convergent deformations in the tunnel. The enclosure structure in the middle of the
excavation exhibits the greatest horizontal displacement, highlighting the need for special
attention to tunnel deformation near the center of the excavation area.

(4) Increasing the thickness of the retaining wall and enhancing the stiffness of the
supports can effectively control the lateral displacement of the tunnel. The impact of
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the support stiffness is more significant than that of the retaining wall thickness. How-
ever, even with these measures, the control effect on deep excavation projects remains
relatively modest.
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