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Abstract. Both developing and developed countries are facing a series of difficulties and
challenges in the process of urbanization. In recent years, in order to alleviate the problem of
urban congestion, underground space has developed rapidly, and the excavation of foundation
pit is the most important step in the development of underground space. This paper takes the
foundation pit of the tunnel under construction in Suzhou as a research object. The design
width of the foundation pit reaches 61.5 m and the depth reaches 18 m, so it belongs to the
super wide and deep foundation pit. Numerical analysis is performed by finite element
software to calculate the deformation of the foundation pit. The research shows that the main
problem to be solved is the deformation of the foundation pit, and the deformation of side
wall of foundation pit tunnel is the most obvious. The maximum deformation of the side wall
of the main tunnel and the auxiliary tunnel reached the maximum at 15 m. The maximum
deformation of the main tunnel is about 1.3 cm, and that of the auxiliary tunnel is about 0.9
cm. Through targeted design and construction, the mechanical performance of the foundation
pit retaining structure is optimized, and the stability of the foundation pit is strengthened. The
reasonable retaining structure can ensure the good construction quality. The design and
construction of the project can provide reference for related engineering construction.
Keywords: super-wide foundation pit, design and construction, numerical calculation,
retaining structure.
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1. INTRODUCTION

With the development of urbanization, the contradiction between the increase of urban
population and the limited space on the ground is becoming increasingly prominent, and the
development of underground space resources is an effective way to solve this contradiction
[1-3]. The development of underground space has many advantages. For example,
underground space development can save ground space resources and alleviate the problem of
urban congestion. In addition, in the process of using underground space construction, the
impact on the original ground construction facilities and traffic is very small, which can
effectively reduce the pressure of ground transportation [4]. At present, underground
engineering, such as underground tunnel, metro and underground pipe gallery, has been
constructed and developed in major cities in the world. Underground engineering scale space,
the number is also increasing, and the surrounding natural and environmental conditions of
the project are becoming more complex [5, 6]. Of course, a considerable part of the
construction of underground space is carried out by open-air excavation method, which
cannot be separated from foundation pit engineering.

As a complex and comprehensive research subject, foundation pit engineering covers a
wide range of contents, including foundation pit support, foundation pit excavation and
foundation pit drainage technology [7-9]. Among these, there are mainly four aspects of
problems: (1) the assumption of soil constitutive relation and failure of soil stability strength;
(2) the problems that the deformation of regional are diversified; (3) some mechanical
analysis of foundation pit supporting members is not clear; and (4) the deformation
coordination between the structure and the soil in the reinforced members. With the
development of mechanical theory, computer technology and testing equipment, the above mentioned
problems have gradually been more in-depth and mature research. Many scholars have already
studied the deformation and stress of foundation pit for a long time [5]. Lame made a
qualitative study on the foundation pit through experiments and obtained the factors influence
regional soil deformation, such as, types of excavation soil, sizes of foundation pit excavation,
the surrounding environment, the exposure time after excavation, the form of it supporting
structure, and static and dynamic load around the foundation pit [6]. Peck derived a
theoretical calculation formula by mathematical induction. The formula is about the
relationship between the characteristics of foundation pit soil layer and excavation depth, and
draws Peck curve [10, 11].

Since the 1960s, lots of architectural engineering designs employ the finite element
method [12-14]. At first, it is used to analyse structural matrix, and then it is gradually used in
various mechanical analysis. After a large number of applications in engineering design, it is
found that the finite element method not only has high efficiency, but also has small
calculation error [15]. Therefore, it is very popular in various engineering design fields.
During several years, the continuous development of computer technology, people continue to
develop a variety of finite element analysis software [16-17]. In solving the complex
conditions of foundation pit engineering method, the application of numerical analysis
software is also quite common. Wong used finite element technique to study the influence of
change water level inside and outside foundation pit on excavation construction of foundation
pit, and concluded that affect changes the water level inside and outside foundation pit on the
deformation of foundation pit is obvious during excavation process of it so the underground
water level should be monitored inside and outside the foundation pit at all times during the
construction of it [18]. In recent years, finite element software used in foundation pit
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engineering has emerged rapidly. The application of these software promotes the progress of
engineering and mechanical design [19, 20].

This paper relies on the specific project in Suzhou as the research background, and
discusses the design and construction method of super wide foundation pit. The finite element
software is also used to analysis the deformation of foundation pit and surrounding soil layer
[21-23]. This paper can provide reference for the construction of some deep foundation pit.

2. INTRODUCTION

2.1. Project introduction

The project is located in Suzhou, China. The tunnels are mainly composed of main tunnel
and auxiliary tunnel. The main tunnel is used for motor vehicles, while the auxiliary tunnel is
used for non-motor vehicles and pedestrians. The tunnel excavation adopts the method of
vertical support and internal support. In the tunnel extension project, the depth of foundation
pit excavation reaches 18 m and the width reaches 61.5 m, which belongs to the excavation of
super wide and deep foundation pit. In addition, the environment which is located in the
surrounding of the foundation pit is extreme complex, and with the distribution of
underground pipelines is densely, and the design and construction are difficult.

2.2. Engineering geological conditions and hydrogeological conditions

The soil layer around the foundation pit is shown in Table 1. The upper silt and clay layer
have poor water permeability, relatively stable horizon, and belong to relatively impermeable
layer with poor water yield. The groundwater is mainly the upper stagnant water in the upper
fill, which is mainly affected by farmland irrigation, domestic water, surface runoff,
atmospheric precipitation, mountain stream confluence and so on. It is discharged by
evaporation and infiltration, and has poor hydraulic connection with the lower groundwater.

Table 1. Physical and mechanical parameters of soil layer in foundation pit area.

Thickness of Densitsy Cohesion Eriction angle (°)
soil layer (m) (g/lcm?) (kPa)
Miscellaneous fill 4.2 1.88 10 8
Silt 2.2 1.89 26.8 14.5
gli;;mixed with silty 6.9 1.75 135 12.3
Clay 2.5 1.95 47.4 15.7
Silty clay 2.6 1.92 34.8 16.3
Sandy clay 5.7 1.86 7.6 24.1
Silt 7.3 1.87 2.8 14.3

2.3. Environment around the foundation

From the beginning to the end of the tunnel, there are farmland and ponds on both sides.
The south side of the east section of the tunnel has a residential building, and about 28 m
away from the tunnel foundation pit. The tunnel passes through the planned lake, the planned
north extension of Rail Transit and the planned north extension line of pipe gallery. In
addition, there are rainwater pipes, power lines, high-voltage power overhead lines,
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communication lines, defence cables and other underground pipelines within the scope of it,
which makes the construction of the retaining structure and main structure of foundation pit
very difficult.

2.4. Design of super wide foundation pit

The main tunnel was close to the auxiliary tunnel, and the foundation pit was wide,
reaching 61.5m. In order to improve the stability and mechanical performance of the
foundation pit, the following measures were taken:

(1) The main foundation pit and the auxiliary tunnel were constructed by stages, the main
tunnel was constructed first, and then the auxiliary tunnel was constructed. The pit in pit
supporting structure formed an effective force transmission system to ensure the stability of
the foundation pit.

(2) When the design elevation difference between the main tunnel foundation pit and the
auxiliary tunnel foundation pit was more than 3 m, the bored pile was used as the retaining
structure between the them. The soil depth is determined according to the elevation
difference, geological conditions, surrounding environmental conditions and the calculation
results of pit in pit module of relevant software.

(3) In order to ensure the construction convenience and durability of the tunnel
connection point, the top ring beam of the high and low pit retaining structure was set under
the auxiliary tunnel bottom plate, so that the enclosure and the structure did not affect each
other. The construction joints were reduced.

(4) In order to ensure the stability of the high and low pit, the bottom cushion of the
tunnel was set as a reinforced concrete structure, which was poured with the top ring beam to
ensure that the support force can be effectively transmitted to the enclosure structure, so as to
improve the stress condition and stability of the high and low pit retaining structure.

3. NUMERICAL ANALYSIS

3.1. Parameter selection

Table 2. Support structure parameters.

Geometric proberties Density Elastic modulus
prop (g/cm?) (MPa)
Concrete support 800mmx=800mm 2.4 30000
Steel support D=600mm or 800mm, t=16mm 7.8 2100000
Bored pile D=800mm, spacing 1000mm 2.4 30000
Steel purlin 500mmx300mmx11mmx18mm or 78 206000

700mmx300mmx13mmx24mm

The parameter selection of soil and other structures can directly affect the calculation
results. The parameters needed in the process of finite element numerical calculation include
soil parameters and support structure parameters, which is shown in Table 1 and Table 2. The
Mohr Coulomb model was adopted for the soil and elastic model was used for supporting
structure [24-27]. In order to improve the calculation accuracy, the model width was three
times of the foundation pit width, which was 200 m. In order to show the grid division and the
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deformation of soil layer clearly, the following figures only intercepted the area with large
deformation around the foundation pit.

3.2. Modeling and meshing

After setting the parameters, the geometric model was established according to the shape
of foundation pit in practical engineering. The cross section of foundation pit is shown in
Figure 1. In order to carry out finite element analysis, the geometric model needed to be
meshed., as shown in Figure 2. The displacement of the side and the bottom of the model was
limited, and the upper surface was free.
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Figure 2. Meshing results.
3.3. Construction steps

According to the specific construction steps of the project, the excavation in layers and
blocks was adopted. First, the earth stress was balanced to remove the deformation caused by
the weight of the soil. The retaining pile and the first internal support were activated for the
first excavation. The excavation continued step by step after the internal support was applied
until the excavation of the main tunnel was completed. After the excavation of the main
tunnel was completed, the excavation of the auxiliary tunnel was carried out.

3.4. Results and discussion

After the excavation of the main tunnel, the soil deformation is shown in Figure 3. The
maximum deformation was 3 cm, which was the uplift of the foundation pit bottom. Due to
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the large stiffness of retaining pile, the deformation of foundation pit periphery was less than
1cm.
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Figure 3. Deformation of foundation pit during excavation of main tunnel.

Foundation pit deformation was mainly manifested by the protuberance at the bottom of
the foundation pit, with maximum deformation was about 3 cm in Figure 4. Due to the role of
retaining piles, the excavation of auxiliary tunnel had little impact on the uplift of the
foundation pit bottom of the main tunnel. The uplift at the bottom of the foundation pit of the
auxiliary tunnel was also controlled within 3 cm. This is consistent with the results of
previous studies [28-30].

Due to the stress balance of the soil destroyed by unloading during the excavation
process, the rebound deformation would appear, which caused the uplift. However, the
serious uplift will cause the instability of foundation pit. Therefore, the bottom of foundation
pit needs to be strengthened to prevent accidents.
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Figure 4. Final deformation of foundation pit.

Through the simulation analysis in Figure 5, the ground deformation was the land
subsidence. The maximum settlement occurred at the edge of the foundation pit, about 0.7
cm. With the increase of excavation depth, the deformation gradually increases. However,
after the excavation of the auxiliary tunnel, the ground deformation decreases due to the
decrease of excavation depth and the release of earth pressure. By comparing the ground
deformation near the foundation pit, it can be found that the deformation decreased rapidly
with the increase of distance. When the distance was more than 12 m, the influence of
excavation was limited, and the deformation was within 0.3 cm. This is consistent with the
results of previous research [31-33].
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Figure 5. Deformation at different positions from the foundation pit.
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Figure 6. Deformation of the side wall of the main tunnel

In order to understand the deformation of the side wall of many foundation pits, the
deformation of side walls of main tunnel and auxiliary tunnel during the construction were
calculated [34]. The deformation of the side wall of the main tunnel is shown in Figure 6. The
deformation of the side wall was small on the ground and increased with depth. The
maximum deformation was 1.3 cm at the depth of 15m. During the excavation of the main
tunnel, the deformation of the side wall of the main tunnel did not change significantly with
the increase of the excavation depth. This is because the internal support counteracted the
lateral soil pressure. However, when the auxiliary tunnel was excavated, the deformation of
the side wall of the main tunnel increased rapidly. This is due to the fact that during the
excavation of the auxiliary tunnel, the lateral earth pressure was transferred to the side wall of
the main tunnel through the inner support of the auxiliary tunnel, and the form of the earth
pressure changed from distributed force to concentrated force. This shows that it is necessary
to strengthen the monitoring work during the excavation of the auxiliary tunnel. In addition,
prestressed internal support or servo system can be used to adjust the axial force of the
support in the main tunnel to reduce the deformation [35-37].

The deformation of the side wall of the auxiliary tunnel is shown in Figure 7. During the
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excavation of the main tunnel, the deformation of the side wall of the auxiliary tunnel
increased with the increase of the excavation depth, but it did not exceed 0.7 cm. When the
auxiliary tunnel was excavated, the deformation of the side wall of the auxiliary tunnel
changed greatly. At this time, the deformation of the auxiliary tunnel was caused by the lateral
earth pressure and the supporting axial force, so it presented S-shape. The reason for the
sudden change is because of the supporting axial force. This is consistent with previous
studies [38]. The maximum deformation is 0.9 cm at the depth of 15 m. The excavation depth
of the auxiliary tunnel was at 15 m, and the bending moment reached the maximum at the
bottom of the foundation pit. The lower soil layer had a strong lateral pressure on the retaining
pile, which reduced the bending moment and limited the deformation of the side wall, thus the
deformation decreases rapidly. This also shows that increasing the stiffness of the retaining
structure and internal support and reducing the spacing of the internal supports can reduce the
deformation of the side wall of the foundation pit.
Deformation (m)
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OF T y T T T T T T
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Figure 7. Deformation of the side wall of the auxiliary tunnel.

4. CONCLUSION

Based on the case study of a super wide, deep and large tunnel foundation pit in Suzhou,
this paper mainly draws the following conclusions:

(1) In the process of foundation pit excavation, the maximum deformation mainly
occurred at the bottom of foundation pit, which was 1.3 cm.

(2) With the increase of the distance from the foundation pit, the ground deformation
became smaller. When the distance was 12 m, the deformation was nearly stable, which was
0.3 cm.

(3) The maximum deformation of the main tunnel and the auxiliary tunnel occurred at the
depth of 15 m, 1.3 cm and 0.9 cm, respectively.

(4) The deformation of the side wall of the foundation pit can be effectively reduced by
reasonably arranging the construction sequence and supporting structure.
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