Hindawi

Advances in Civil Engineering

Volume 2021, Article ID 6669466, 11 pages
https://doi.org/10.1155/2021/6669466

Research Article

Hindawi

Numerical Simulation of Deep Foundation Pit Construction under

Complex Site Conditions

Huifen Liu®,' Kezeng Li(®,? Jiangiang Wang,” and Chunxiang Cheng'

ISchool of Transportation, Civil Engineering and Architecture, Foshan University, Foshan, Guangdong 528000, China
’Hunan Technical College of Railway High Speed, Hengyang 421001, China
*Shenzhen Cheng’An Internet of Things Technology Co., Ltd., Shenzhen 421002, China

Correspondence should be addressed to Kezeng Li; 767719631 @qq.com

Received 18 December 2020; Revised 8 January 2021; Accepted 21 January 2021; Published 4 February 2021

Academic Editor: bingxiang yuan

Copyright © 2021 Huifen Liu et al. This is an open access article distributed under the Creative Commons Attribution License,
which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

Based on the deep foundation pit project of Laoguancun station of Wuhan rail transit line 16 and according to the engineering
characteristics of the construction conditions and the site surrounding the environment, the method of combining field
monitoring and finite element numerical simulation is adopted to analyze the law of stress and deformation of the deep
foundation pit during excavation and support construction; it includes the horizontal displacement of the underground dia-
phragm wall, supporting axial force, and the ground surface settlement, which can be compared with measured data. Finally, some
suggestions for monitoring and construction of the deep foundation pit in the subway station have been put forward and have
certain reference value and practical guiding significance for the design and construction of similar engineering projects. The
deformation monitoring of the retaining structure at the middle of the long side of the foundation pit should be strengthened

during the construction process.

1. Introduction

In order to alleviate the traffic pressure on the ground in
time in the process of urbanization, the construction of
urban rail transit in China has been developed rapidly in
recent years. The impact of the deep foundation pits for
new subway stations under the complex conditions of site
construction on the mechanical properties of the con-
struction process also has higher requirements [1-5]. In the
vicinity of existing subway stations, the construction of a
new subway station is a complex work and system project
with great construction risk. It is not only needed to avoid
the impact of the new station on the existing station and its
affiliated projects to the greatest extent but also necessary to
reasonably evaluate and minimize the impact of existing
subway stations that are very close (e.g., the distance be-
tween stations is about 10 m) on the mechanical properties
of the deep foundation pit of the newly built station during
the excavation and support construction. Therefore, it is
necessary to carry out targeted research to ensure the safety

and stability of the new subway station during the con-
struction process.

Numerical simulation is an important method to study
the mechanical characteristics of the deep foundation pit
construction process. Aiming at solving realistic foundation
pit stability problems, Lambe once pointed out that the use
of engineering experience or numerical analysis can more
effectively solve such problems [6, 7]. The engineering ex-
perience method is highly subjective and has certain defi-
ciencies on the theoretical basis, and it cannot accurately
reflect the mechanical effects of deep foundation pits in the
complex construction environment during the construction
process. The problem to be solved is studied by numerical
simulation in which analysis and prediction are more
convenient and accurate [8-10]. Li et al. [11] carried out a
three-dimensional numerical simulation of the construction
process of a large-scale near-railway foundation pit by
considering the actual construction sequence of excavation
by layering and block-by-block excavation of the actual
foundation pit, the interaction between the construction of


mailto:767719631@qq.com
https://orcid.org/0000-0003-1133-3065
https://orcid.org/0000-0002-8235-3197
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1155/2021/6669466

the deep foundation pit and the adjacent railway load was
studied and analyzed, and the deformation characteristics of
the deep foundation pit adjacent to the railway during the
excavation process were revealed. Yang et al. [12] used the
self-developed analysis software F-RFPA2D to conduct a
numerical simulation analysis of the Haizhu Square surface
subsidence accident caused by the construction of the
Guangzhou Metro line 2 tunnel and summarized the cause
of the subsidence accident; Wang et al. [13] conducted a
numerical simulation analysis on the confined aquifer at the
Yishan Road Metro Station of Shanghai Metro line 9 and
proposed several comparison options that can effectively
control the settlement and deformation of the surrounding
ground; Zhou et al. [14] used the Hangzhong Road subway
station of Shanghai Metro line 10 as the research back-
ground and used the three-dimensional finite difference
method to analyze the dewatering of foundation pits at
different depths of the space enclosing structure, which
optimizes the design of the foundation pit space enclosing
structure. More relevant works can be found in, e.g., [15-17].

In this paper, relying on the deep foundation pit project
of a subway transfer station in Wuhan, a three-dimensional
finite element numerical model is established, and combined
with field measured data, the force and deformation char-
acteristics of the deep foundation pit station during the
construction process under adjacent existing subway are
analyzed, some useful conclusions are obtained.

2. Project Basics

Laoguancun station of Wuhan rail transit line 16 is parallel
to the existing Laoguancun station of line 6, as shown in
Figure 1; the main body of the station adopts direct exca-
vation-shoring construction method. The transfer station is
an underground two-story island station, the floor depth at
the center mileage of the effective platform is 16.68 m, and
the top of the station is covered with soil 3.2 m; the main
structure of the station has a total length of 227.3m and a
total width of 22.2m (standard section); effective platform
length is 140 m, and the platform is 13 m wide, and it is a
double-column three-span structure. The main enclosure
structure adopts the combined support form of the un-
derground diaphragm wall and internal support: the
thickness of the underground diaphragm wall at the side
adjacent to the existing station and the end of the large
mileage is 1000 mm, the thickness of the other underground
diaphragm wall of the remaining side enclosure structure is
800 mm, and a crown beam is set on the top of the wall.
Reinforced concrete supports (first and second lanes) and
steel supports (third and fourth lanes) are used as horizontal
support systems.

3. Establishment of the Numerical Model

In order to comprehensively study the force and defor-
mation characteristics of the retaining structure of the deep
foundation pit of the newly built subway station during the
excavation and support construction process, this paper
combines the project design and construction plan to
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establish a three-dimensional finite element numerical
model for calculation and analysis.

3.1. Basic Assumptions of the Numerical Model. The deep
foundation pit of this subway station is a long strip, which is
close to the existing subway station. The construction en-
vironment of the construction site is changeable when the
foundation pit is excavated in sections. There is a lack of
detailed reports related to the site soil reinforcement test and
the main structure of the existing station. In order to make
the built model close to reality and not be complicated,
thereby affecting the efficiency of finite element analysis and
calculation, certain simplifications and assumptions are
made on modeling and analysis calculation. The specific
assumptions are as follows:

(1) The interface of each soil layer of the site is kept level,
and the average thickness of each soil layer is taken

(2) Excluding the influence of some interlayer soil, the
soil quality is uniform in the same depth range, and
the spatial unevenness of the actual soil layer is not
considered

(3) Assume that, before each soil excavation construc-
tion, groundwater has fallen to at least 2 m below the
soil excavation surface, and the underground dia-
phragm wall has a good water stopping effect, so the
influence of groundwater on the site during the
excavation of the foundation pit is not considered

(4) Regardless of the stress distribution and deformation
of the soil in the site before foundation pit excava-
tion, the value can be obtained by referring to the
geological survey report

(5) For the construction process of the foundation pit,
set up numerical simulation working conditions
based on one-time excavation layer by layer, without
considering the impact of segmentation and parti-
tion excavation on the foundation pit during the
actual construction process

(6) The physical and mechanical properties of the un-
derground diaphragm wall remain unchanged along
the depth of the wall, and the frictional contact
coefficient with the surrounding soil layers is not
affected by the depth

(7) Regardless of the specific distribution of construc-
tion machinery, building materials, and muck
around the foundation pit, they are uniformly
arranged along the 20 m range around the edge of the
foundation pit according to the ground overload of
20kPa

3.2. Three-Dimensional Numerical Model. According to
research findings and actual engineering experience, during
the excavation and support construction of a foundation pit
the depth of its impact on the surrounding site is generally 2
to 4 times the depth of the excavation of the foundation pit,
and the width of the impact is 3 to 5 times that of the
excavation depth. The size of the overall comprehensive
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model given in this paper is 450 m x 168 m x 52 m, as shown
in Figure 2.

In this paper, the modified Mohr-Coulomb constitutive
model is used in the calculation model to simulate the
engineering characteristics of the soil during the excavation
process of the foundation pit. Considering that the rein-
forcement of the soil layer at the bottom of the foundation
pit and between the stations will strengthen the supporting
capacity of the retaining system, referring to the deep
foundation pit engineering experience in Wuhan area and
the geotechnical survey report of this project, the physical
and mechanical parameters of each layer of the site are
appropriately improved. The thickness of each soil layer and
the main physical and mechanical properties of the sim-
plified site are shown in Table 1. The constitutive parameters
of the deep foundation pit retaining structure system of the
newly built station and the main structural slabs and col-
umns of the existing station in the model are shown in
Tables 2 and 3, respectively.

3.3. Simulation of Construction Conditions. According to the
construction plan of this project, the soil excavation surface
in the foundation pit is located at a certain depth below the
internal support axis to be erected every time (0.5 m below
the concrete support axis and 0.4 m below the steel support
axis). The main simulated construction conditions are
shown in Table 4.

4. Results of Numerical Simulation

It is stipulated that the X-axis direction is the length di-
rection of the foundation pit, and the Y-axis direction is the
width direction of the foundation pit, both of which are
horizontal; the depth direction of the foundation pit is the Z-
axis direction, and the vertical direction is positive.

4.1. Horizontal Displacement of the Underground Diaphragm
Wall. Figures 3 and 4 show the horizontal displacement
cloud diagrams of the underground diaphragm wall in the Y-
and X-direction under various analysis conditions, respec-
tively. It is easy to see from them that the deformation
gradually develops into the foundation pit during the ex-
cavation process of the foundation pit; the maximum
horizontal displacement of the underground diaphragm wall
on each side of the foundation pit appears in the middle of
the side, and as the foundation pit goes deeper, the exca-
vation process gradually moves downward along the wall;
the deformation of the underground diaphragm wall on the
long side of the foundation pit is more obvious than that of
the underground diaphragm wall on the underground short
side of the foundation pit. Finally, the maximum defor-
mation on the long side of the foundation pit is close to twice
the maximum deformation on the short side. Figure 5 shows
the extracted horizontal displacement simulation curve of
the underground diaphragm wall at different positions of the
foundation pit under various calculation conditions. It can
be seen from Figure 5 that when the foundation pit is ex-
cavated to the bottom of the pit, the maximum horizontal

displacement of the wall in the middle section of the long
side on the east side of the foundation pit is about 38 mm,
and the maximum horizontal displacement of the wall in the
middle section of the short side of the north side of the
foundation pit is about 20 mm. Near the section on the east
side of the north end of the foundation pit, the maximum
horizontal displacement of the wall is about 25 mm, and the
maximum horizontal displacement of the wall at each of the
above positions appears at the depth of 2/3 of the wall height
below the top of the wall.

The above analysis results show that the underground
diaphragm wall in the middle of the north short side of the
foundation pit has the smallest deformation, and it is next
located near the east end of the north end of the foundation
pit, and the underground diaphragm wall in the middle of
the long side of the foundation pit has the largest defor-
mation, which should be the key area for monitoring the
deformation of the enclosure structure during the excava-
tion of the deep foundation pit.

4.2. Internal Support Axial Force. According to the calcu-
lation results extracted by numerical simulation, the stan-
dard section of the foundation pit and the sections on the
east side of the north end of the foundation pit are selected to
analyze the changes in the axial force of each support with
the progress of the working conditions. The statistics are
shown in Table 5.

From the data in Table 5, it can be found that, with the
progress of the construction conditions, the axial force of
the first support at different positions of the foundation
pit plane has decreased. When the foundation pit is
excavated to the base, the axial force of the horizontal
straight brace of the standard section and the horizontal
diagonal brace at the north end is very close, about
100kN, and the first axial force of the first support at
different positions of the foundation pit under all con-
ditions. It is horizontal straight brace at the standard
section > horizontal diagonal brace at the north
end > horizontal straight brace at the north end, indi-
cating that the space effect at the end of the foundation pit
is more obvious, which is beneficial to the stress of the
first support; the axial force of the second and third
supports at each position of the foundation pit plane
fluctuates up and down with the progress of the working
conditions and eventually stabilizes; the last excavation of
the soil in the foundation pit causes the axial force of the
fourth support to significantly increase. On the whole, it
can be found that the axial force of the upper support
decreases after the setting of the second and the fourth
support. For example, at the standard section of the
foundation pit, the axial force of the first horizontal brace
decreased from —182.32 kN to —155.12 kN; the axial force
of the third horizontal brace decreased from -932.17 kN
to —732.17kN. During the entire excavation process of
the foundation pit, the axial force of the second support is
the largest. When the foundation pit is excavated to the
bottom of the pit, the maximum value has reached
—2413.22 kN. Therefore, during the construction process,
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FIGURE 1: Schematic project layouts.

FiGure 2: Numerical simulation model.

TaBLE 1: Main physical and mechanical parameters of the soil layer.

Eso Eoea E

. - Soil weight . - o o C
Soil/rock Soil thickness (m) 3, Cohesion (kPa) Friction angle (")  (kN/ (kN/ (kN/  Poisson’s ratio
(kN/m”~) 2 2 2
m”~) m”~) m®)
(1-2) plain fill 3.69 18.5 15 10 3600 3600 10800 0.30
(3-1) clay 8.73 17.9 20 12 5500 5500 17000 0.31
(3-4) mucky silty clay 5.52 17.6 15 10 3500 3500 10200 0.35
(7-2a) silty clay 3.24 19.8 30 15 9500 9500 32000 0.30
(7-3) silty clay 5.70 19.8 25 13 7500 7500 28000 0.32
(9) clay gravel, pebbles 25.12 21.1 50 20 15000 15000 50000 0.28

TaBLE 2: Constitutive parameter of the supporting structure.

Structure type Elastic modulus (MPa) Poisson’s ratio Weight (KN/m®) Note

Underground diaphragm wall 3.0x10* 0.2 24 2D linear elastic model
Purlin 3.2x10* 0.2 24 1D linear elastic model
Concrete support 3.2x10* 0.23 24 1D linear elastic model
Steel support 2.3%x10° 0.25 20 1D linear elastic model

TaBLE 3: Constitutive parameter of the main structure in the existing station.

Structure type Elastic modulus (MPa) Poisson’s ratio Weight (kN/m>) Note
Underground diaphragm wall 3.0x10* 0.2 24 2D linear elastic model
Station floor 3.25x10* 0.2 24 2D linear elastic model

Station pillar 3.5x10* 0.2 24 1D linear elastic model
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TaBLE 4: Simulated construction condition of deep foundation pit excavation.

Construction L
e Scene description
condition
Scenario 1 Initial ground stress balance (settling to zero)
Scenario 2 Construct an underground diaphragm wall

The soil of the foundation pit is excavated to a depth of —1.5 m below the surface; in addition, a crown beam and a
concrete support are arranged at the position of -1 m

The soil of the foundation pit is excavated to a depth of 7.5 m below the surface; in addition, the ring beam and the
second concrete support are set at the position of =7 m

The soil of the foundation pit is excavated to a depth of —10.22 m below the surface; in addition, a steel purlin and a
third internal support (steel support) are set at —9.82m

The soil of the foundation pit is excavated to a depth of —14.2 m below the ground surface; in addition, a steel purlin

and a fourth internal support (steel support) are set at a position of —13.8 m

Scenario 3

Scenario 4

Scenario 5

Scenario 6

Scenario 7 Excavation of the foundation pit soil to the elevation of pit bottom (-17.94 m)
Displacement Displacement Displacement
TY (mm) TY (mm) TY (mm)

+1.61800¢ + 001
150707 + 001
- +1.39613¢ + 001
- +1.28519 + 001
- +1.17425¢ + 001
- +1.06331e + 001

+9.52373e + 000

— +1.75508¢ + 001
- +1.64250¢ + 001
- +1.52992 + 001
- +1.41734¢ + 001

+1.30476¢ + 001

~ 4119219 + 001

; +1.07961e + 001

— +232276¢ +001
— +2.15577¢ +001
— +1.98877¢ + 001
— +1.82178¢ + 001
~ 4165479 + 001
. +1.48780¢ + 001
- +1.32081e + 001

i +8.41435¢ + 000 = +9.67028e + 000 +1.15381e + 001
~ +7.30496¢ + 000 _ +8.54450e + 000 +9.86821e + 000
— +6.19558¢ + 000 Z 47.41871¢ + 000 ~ 48.19829 + 000
— +5.08619% + 000 — 46.29292¢ + 000 ~ +6.52836¢ + 000
— +3.97681¢ + 000 — +5.16714e + 000 ~ +4.85844e + 000
+2.86742 + 000 +4.04135¢ + 000 4318852 + 000

Displacement Displacement

TY (mm) TY (mm)

+3.06101e + 001
+2.80000¢ + 001
+2.53898¢ + 001
+2.27797¢ + 001

+2.01695¢ + 001
| 175594 + 001
" +1.49492¢ + 001
+1.23391e + 001
| +9.72894e + 000
+7.11879% + 000

- +3.84358e + 001
— 43.46957¢ + 001

- +3.09555¢ + 001
- +2.72154e + 001
+2.34753¢ + 001
+1.97351e + 001
+1.59950e + 001

+8.51470e + 000
+4.77456¢ + 000

+4.50865¢ + 000 +1.03442¢ + 000
+1.89850¢ + 000 ~2.70572¢ + 000
- ~7.11641¢ - 001 - ~6.44586¢ + 000

FIGURE 3: The horizontal displacement of the long side of the underground diaphragm wall in the Y-direction under each analysis condition.

Displacement Displacement Displacement
TX (mm) TX (mm) TX (mm)
+7.56966¢ - 001
~ +3.17988¢ - 001
~ _120991e - 001
559969 - 001
2 9.98948¢ - 001
= _1.43793¢ + 000

+4.72340¢ + 000
— +3.70248¢ + 000
+2.68155¢ + 000
+1.66063¢ + 000
L 16397126 - 001
3.81210¢ - 001
1.40213¢ + 000

+7.86726¢ + 000
~ +6.33637¢ + 000

+4.80548¢ + 000
4327459 + 000
— +1.74371e + 000
~ +2.12817¢ - 001

~-2.31588¢ + 000 -2.42305¢ + 000 ~2.84896¢ + 000
~2.75486¢ + 000 ~3.44397¢ + 000 ~4.37985¢ + 000
~3.19384¢ + 000 ~4.46490¢ + 000 —5.91074e + 000
~3.63282¢ + 000 —5.48582¢ + 000 7.44163¢ + 000
L —4.07180e + 000 . ~6.50674¢ + 000 — _8.97252¢ + 000
i 4.51077¢ + 000 L 7.52766¢ + 000 C 1.05034¢ + 001

Displacement Displacement

TX (mm) X (mm)

+1.26792¢ + 001
- +1.03465¢ + 001

+1.74800e + 001
+1.43202¢ + 001

- +8.01385¢ + 000 +1.11605e + 001
L 5.68118e + 000 +8.00079€ + 000
L 334852 +000 - +4.84107¢ + 000
L 1.01585¢ + 000 +1.68135¢ + 000

131681e + 000 ~1.47837€ + 000

3.64947 + 000 — 463809 + 000
L _s.98214¢ + 000 ' ~7.79782¢ + 000
2L 314806 + 000 ~1.09575¢ + 001
L _1.06475¢ + 001 ~1.41173¢ + 001
L 1.29801e + 001 ~1.72770e + 001
S 1531280 4+ 001 - -2.04367¢ + 001

FIGURE 4: The horizontal displacement of the short side of the underground diaphragm wall in the X-direction under each analysis
condition.
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FIGURE 5: Horizontal displacement simulation curve of the underground diaphragm wall. (a) Middle section of the long side on the east side
of the foundation pit. (b) Middle section of the short side on the north side of the foundation pit. (c) East section of the north end of the

foundation pit.

it is necessary to strengthen the monitoring of the axial
force of the second support of the foundation pit, deal
with the site stacking in time, and control the con-
struction excavation progress.

4.3. Comparative Analysis of Numerical Simulation and
Measured Values. Two different environments: numerical
simulation and field practice are analyzed, in order to
compare the general stress and deformation character-
istics of deep foundation pit construction in the subway
station. In the established three-dimensional numerical

model in this paper, the horizontal displacement calcu-
lation value of the underground diaphragm wall at the
standard section of the foundation pit where the diagonal
hole ZQT6 is located, the calculation value of the axial
force of the support in each track, and the calculation
value of the ground surface settlement around the
foundation pit are taken as references, and the analysis is
carried out combining with the measured data of this
section. According to the horizontal displacement cloud
map of the underground diaphragm wall, the calculation
results of the horizontal displacement of the underground
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TaBLE 5: The axial force of the internal support under each analysis condition.
Support Location Scenario 3 Scenario 4  Scenario 5  Scenario 6  Scenario 7
Standard section horizontal bracing -182.32 -155.12 -112.34 -103.25 -98.99
First track support North-end horizontal straight bracing -112.33 -72.19 -69.12 -62.56 -60.12
North-end horizontal diagonal bracing —144.12 —-112.38 -103.13 -101.92 -97.98
Standard section horizontal bracing — -1620.12 -2512.34 -2533.13 —-2413.22
Second track support ~ North-end horizontal straight bracing — -1123.32 -2302.12 -2213.45 -2302.15
North-end horizontal diagonal bracing — -1238.12 -1772.33 -1998.39 -1897.12
Standard section horizontal bracing — — -932.17 -732.17 -779.73
Third track support North-end horizontal straight bracing — — -715.34 —-613.45 -628.76
North-end horizontal diagonal bracing — — -996.76 -772.81 -776.14
Standard section horizontal bracing — — — -573.11 -771.43
Fourth track support  North-end horizontal straight bracing — — — -415.07 -524.17
North-end horizontal diagonal bracing — — — —-608.18 -812.12

diaphragm wall when the foundation pit is excavated to
the bottom of the pit are extracted, and the comparison
between the deformation curves of the underground di-
aphragm wall obtained by combining the monitoring data
is shown in Figure 6.

It can be seen from the figure that there are certain
differences between the two, especially on the side far
away from the existing station, but on the whole, the
development trend of the horizontal displacement of the
underground diaphragm wall reflected by the calculation
results of the three-dimensional model is roughly the
same as the actual situation. It is easy to observe that, at
the top of the diaphragm wall, the calculation result of the
three-dimensional model is greater than the measured
value, indicating that, for similar long-strip foundation
pits, in order to better control the deformation of the
foundation pit, it is necessary to excavate the foundation
pit in sections and layer by layer during the actual
construction process. At the same time, it also proved that
the foundation pit excavation construction plan adopted
by this project is reasonable and feasible.

Table 6 shows the comparison between the calculated
values of the model and the measured values of the in-
ternal supports in each road at each construction stage. It
can be seen from Table 6 that when the first support is
excavated and supported in the foundation pit, the cal-
culated value of the model showed that the support was
under compression, but in fact, the support received a
tension of 72.12KkN; in the subsequent construction
conditions, the actual measured values of the axial force
of the first and third supports are greater than the sim-
ulated calculated values, and at the same time, the actual
measured values of the axial forces of the second and
fourth supports are less than the calculated values. The
analysis of the above situation combined with the site
construction log shows that, in the actual construction

process, the support force is not only caused by the ex-
cavation and unloading of the soil in the foundation pit
itself but also affected by the construction load and the
dynamic changes of the construction conditions around
the site. In the numerical simulation, one-time excavation
of the large area layer by layer makes the foundation pit
exhibit different stress and deformation characteristics
from the envelop enclosure under the complex and
changeable construction environment after the first
excavation.

Figure 7 shows the surface settlement curve of the
standard section taken away from the existing station when
the three-dimensional model is excavated to the bottom of
the foundation pit, Figure 8 shows the layout of some ground
settlement measurement points on site, and Figure 9 shows
the surface settlement changes at the same side of the
standard section of the foundation pit at equal intervals. The
measured data according to the time nodes are shown in
Table 7. Combined with the data in the table, it can be found
that the final ground settlement around the foundation pit
calculated by the three-dimensional model is greater than
the actual ground settlement. The analysis believes that this
is also related to the fact that the simulation of the model
construction conditions is different from the complex ex-
cavation and unloading methods of the foundation pit in the
actual construction process. The maximum surface settle-
ment appears at a distance of 13m from the edge of the
foundation pit, which is about —10.3 mm. The location is
relatively close to the location of the measured maximum
value, and the “groove” phenomenon of the final surface
settlement curve in the three-dimensional model is very
similar to the situation reflected by the corresponding
measured data, indicating that the model can simulate the
settlement changes of the surrounding ground surface
during the construction of the foundation pit to a certain
extent.
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FIGURE 6: Comparison of the horizontal displacement of the underground diaphragm wall. (a) Horizontal displacement of the underground

diaphragm wall adjacent to the existing station. (b) Horizontal displacement of the underground diaphragm wall away from the existing
station.

TaBLE 6: The axial force comparison of the internal support under each analysis condition.

The first time

. The second time The third time The fourth time Excavation of the
Support Type excavation . . . . .
support excavation support excavation support excavation support foundation pitto the base
Predicted
First track value -173.13 —133.45 -101.96 -92.36 -89.73
support Measured 7212 —477.72 ~402.52 -336.92 ~322.66
value
Second Prsjﬁed — ~1024.42 ~1205.92 ~1313.35 ~1301.45
track Measured
support — —633.45 -887.93 -992.36 -1027.92
value
Predicted
Third track value — — —-875.24 —793.55 —-823.66
support Measured — - ~1025.72 ~1092.31 ~1242.34
value
Fourth Predicted - — — -433.25 ~544.27
value
track Measured
support — — — -322.12 —452.72
value

Displacement
TZ (mm)

_ +2.46167¢ + 001
— +2.11495¢ + 001
—' +1.76822¢ + 001

+1.42149¢ + 001
— +1.07477¢ + 001
+7.28040e + 000
— +3.81313e + 000
—' +3.45871e — 001

Max: —2.30€ + 000

-1.00559¢ + 001
— —1.35232¢ + 001
—' —1.69904e + 001

.

FIGURE 7: Settlement of the surrounding ground when the foundation pit is excavated to the bottom. (a) Horizontal displacement of the
underground diaphragm wall adjacent to the existing station. (b) Horizontal displacement of the underground diaphragm wall away from
the existing station.

Min: —1.02¢ + 001
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FiGure 8: Layout of the surrounding ground subsidence measuring points.
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FIGURE 9: Surface settlement variation of equidistant distance.
TaBLE 7: The ground surface settlement about DBC7-3 to DBC7-5.
Time notes DBC7-3 DBC7-4 DBC7-5
2019.4.20 1.91 -0.73 -0.38
2019.4.23 1.34 -1.18 -0.79
2019.4.26 1.04 ~14 -0.99
2019.4.29 0.52 -18 -1.33
2019.5.02 0.12 —2.12 ~1.58
2019.5.05 0.08 -2.46 ~1.89
2019.5.08 0.09 —2.57 ~2.02
2019.5.11 0.02 -2.72 —2.12
2019.5.14 -0.93 -2.76 -2.17
2019.5.17 -0.98 -2.86 -2.23
2019.5.20 ~1.02 -2.98 -2.27
2019.5.23 ~1.63 -3.56 -3.02

5. Conclusions

of the newly built subway transfer station, the force and
deformation characteristics of the deep foundation pit

Through the establishment of a three-dimensional finite  during the construction process under the condition of the
element numerical analysis model to simulate the excavation ~ adjacent existing subway station are studied, including the
and support construction process of the deep foundation pit  horizontal displacement of the underground diaphragm
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wall, the axial force of the internal support, and the sur-
rounding ground settlement; at the same time, a compar-
ative analysis is carried out based on the collation results of
the corresponding actual measured data on site, and the
conclusions are as follows:

(1) The deformation of the foundation pit during the
excavation and construction process gradually de-
velops into the foundation pit; the maximum hori-
zontal displacement of the underground diaphragm
wall on each side of the foundation pit is in the
middle area of the side and gradually descends along
the wall as the foundation pit continues to be ex-
cavated. It is stabilized at the depth of 2/3 wall height
below the top of the wall. The deformation of the
diaphragm wall on the long side of the foundation pit
is more obvious than that on the short side of the
foundation pit. And the maximum deformation of
the underground diaphragm wall on the long side of
the foundation pit is close to twice the maximum
deformation of the underground diaphragm wall on
the short side.

(2) The underground diaphragm wall at the middle of
the short side of the north side of the foundation pit
has the smallest deformation, and the second is near
the east side of the north end of the foundation pit.
The deformation of the underground diaphragm wall
at the middle of the long side of the foundation pit is
the largest. This area should be used as a key area for
monitoring the deformation of the retaining struc-
ture during the excavation and construction of the
deep foundation pit.

(3) With the progress of construction conditions, the
axial force of the first support at different positions
on the plane of the foundation pit has decreased. The
force of the first support at different positions of the
foundation pit under various conditions is as follows:
standard section horizontal bracing > north-end
horizontal diagonal bracing > north-end horizontal
straight bracing, reflecting the spatial effect at the end
of the foundation pit. It is beneficial to the stress of
the first support; it is beneficial to the force of the first
support; and the axial forces of the second and third
supports at each position of the foundation pit
surface fluctuate up and down with the progress of
the working conditions and eventually become
stable. After the second and fourth supports are set
up, the axial force of the previous support is reduced.

(4) During the entire excavation process of the foun-
dation pit, the axial force of the second support is the
largest, so the monitoring of the axial force of the
second support of the foundation pit should be
strengthened, the piled load on the site should be
handled in time, and the construction progress
should be controlled.

(5) The influence range of the surface settlement grad-
ually expands to the surroundings as the construc-
tion conditions progress, and its settlement value

Advances in Civil Engineering

continues to increase. The soil on the surface of the
site in the open area on the east side of the foun-
dation pit appears to be sinking under all analysis
conditions, and when the foundation pit is excavated
to the base, its settlement shows a groove phe-
nomenon in the short side of the foundation pit.

(6) The comparison between numerical simulation
analysis and actual measurement results shows that
numerical simulation can better reflect the general
mechanical characteristics of the foundation pit with
the progress of the construction process to a certain
extent. However, it is still limited because it cannot
fully and real-time respond to the dynamic changes
of the actual site construction environment. In the
actual construction process, such foundation pits
should be excavated layer by layer in a segmented
and partitioned manner.
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