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Te stress and deformation response characteristics of the support structure in the process of excavation and support of circular
sand foundation pit are complex. Te existing research results lack a general analysis method for the mutual check between the
feld monitoring data and the numerical simulation results. Tis research relies on the excavation and support project of a circular
foundation pit in the sandy soil layer of the west anchorage of Humen Second Bridge.Te force and deformation characteristics of
foundation pit soil are monitored and structure is supported during construction. A new method for checking simulation
parameters based on the excursion monitoring data of the diaphragm wall is proposed. Te modeling and calculation theory of
foundation pit excavation and support process is established. Te superposition calculation of pore water pressure is used to
realize the foundation pit seepage-stress coupling. Te efects of steady-state seepage conditions on the equivalent strain of
foundation pit soil, the displacement of the diaphragmwall, and the axial force of the lining are compared and analyzed.Te stress
and deformation mechanism of the soil layer and supporting structure during the excavation and support of a circular foundation
pit in the sand layer is obtained.

1. Introduction

Circular foundation pits are strong and have clear spatial
efects. However, these foundation pits are often built next
to riverbanks, which pose challenges for designing and
safely constructing these structures. Accordingly, the
design and construction of circular foundation pits have
attracted the attention of many engineers and researchers
[1–4]. For example, Faheem et al. [5] used the fnite el-
ement method to study the stability of rectangular
foundation pits. Dai et al. [6] used models of underground
diaphragm walls and found that these structures experi-
ence overall tilt failure under horizontal force. Wang [7]
investigated wide, narrow, and general foundation pits, as
determined by the ratio of the foundation pit width to the

insertion depth of the supporting structure, and sub-
sequently derived formulae for calculating the appropriate
factor of safety to prevent overturning in each type of
foundation pit. Although there has been some discussion
regarding the overall stability of supporting structures for
circular foundation pits, most analyses rely on plane as-
sumptions based on fat site conditions [8–12]. Tus, the
efects of complex site conditions, such as adjacent river
channels and sandy soil layers, on the stability of circular
foundation pits remain to be studied. Specifcally, there is
a lack of research on the force and deformation charac-
teristics of the foundation pit supporting structure in
complex settings.

In addition to the baseline conditions of a site, rainfall
during construction can have a signifcant impact on the
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safety of a foundation pit project.Tis is especially the case for
foundation pits constructed in complex soil conditions where
the soil has high water content and low shear strength. In such
cases, the force distribution and deformation of the soil are
easily afected by the conditions of the external environment.
To date, there have been few studies on the mechanism of
force and deformation response of circular foundation pit
excavation and support based on monitoring data, checking
parameters, and stress-seepage coupling. Most of the existing
research results focus on the infuence of groundwater on the
deformation of foundation pits with common structures
[13–17]. Some studies have focused on the efect of rainfall on
unsaturated soil slopes, while others have investigated the
deformation and stability of foundation pits under rainfall
conditions. For example, Li et al. [18] used fnite element
numerical calculations in ABAQUS software to analyze the
stability of a foundation pit slope under rainfall conditions.

During the excavation of a circular foundation pit, the
selection of calculation parameters in the theoretical analysis
and numerical simulation of the foundation pit has a great
infuence on the results of stress and deformation. Existing
parameter of the selection methods focusses on probabilistic
inverse analysis. Te feld practicability of the research results
is poor, and there is a lack of a parameter checking method
that can link feld monitoring and numerical simulation
[19–21]. Terefore, it is of great theoretical and practical
signifcance to propose and establish a new method for pa-
rameter checking, and to carry out research on the de-
formation response mechanism of deep soil under circular
foundation pit excavation and support.

Tis study investigates the force and deformation char-
acteristics of the support structure during the excavation of
a circular foundation pit in a sand layer before and after
considering seepage conditions. On the basis of previous
work, a research method combining on-site monitoring and
numerical simulation research is adopted. Te stress-seepage
coupling is realized using the superposition calculation
method of pore water pressure. Explore and propose a new
method for dynamic verifcation of numerical simulation
parameters based on monitoring data. Finally, the force and
deformation law of the supporting structure during the ex-
cavation of the circular foundation pit is analyzed.

2. Materials and Methods

2.1. Study Area and Foundation Pit Parameters. Te cover
layer of the soil in the study area is mainly composed of
Quaternary Holocene sea-land alternate facies silt, silty soil,
sandy soil, Quaternary Pleistocene silty clay, sandy soil, and
pebble soil. Te cover layer is 24.20–28.50m thick, and the
basement layer is made of chalk.Te base of the cover layer is
composed of mudstone from the BAIHEDONG Formation
(K1b), with uneven weathering and weathered interlayer
phenomena. Stable and continuous moderately weathered
rocks as well as slightly weathered rocks are variably spaced
and buried from approximately 32.10m to 52.00m below the
surface. A cross-sectional view of the study area is shown in
Figure 1.

Te groundwater in the study area is composed primarily
of Quaternary pore confned water and some bedrock fssure
confned water. In our modeling, we considered silt, silty
clay, residual soil, and fully weathered rock to form a rela-
tively impermeable aquifer and water-proof layer. Te sand
gravel layer was considered the main water storage layer,
though groundwater in the area is relatively shallow. Te
underlying mudstone has developed weathered fssures;
however, its occurrence is limited. Tus, the water perme-
ability in this layer is very limited.

With regards to the foundation pit and support struc-
ture, the outer diameter of the diaphragm wall is 82.0m, the
wall thickness is 1.5m, and the bottom of the wall is em-
bedded in argillaceous siltstone and moderately weathered
mudstone. Te construction trough section of the di-
aphragm wall is divided into phase I and phase II, which are
composed of 27 trough sections each. Te maximum
designed groove depth is 46.0m. A schematic of the
foundation pit support structure is shown in Figure 2.

After the construction of the diaphragm wall was
completed, the top-down method was used to excavate the
soil layer by layer; the lining of the foundation pit was also
constructed in layers. Te construction of each layer was
dictated by the excavation of the soil. Te soil was excavated
to a depth of 27m, and the height of the lining and soil
layering was controlled within 3m. Te inner lining had an
inner thickness of 1.5m from 0 to 6m deep and a thickness
of 2m below 6m deep. Te top and bottom plates were 6m
thick. Te foundation pit layers are shown in Figure 3.

2.2. Monitoring the Horizontal Displacement of the Di-
aphragm Wall. Based on the characteristics of the circular
foundation pit, 8 hollow PVC plastic pipes with guide
grooves (labeled P1–P8) were evenly arranged around the
diaphragm wall, as shown in Figure 4. Te side hole tracks
the lateral displacement of the enclosure structure, and the
measurement depth is the same as the wall depth. A total of
12 inclinometer tubes were also arranged around the
foundation pit at P1–P8, with additional inclinometer holes
(P1′, P3′, P5′, and P7′) located in the slot section identical to
P1, P3, P5, and P7.

Te underground diaphragm wall is divided into 54
trough sections; for simplicity, the wall ofset data corre-
sponding to trough Sections 2 (P1), 15 (P3), 28 (P5), and 42
(P7) were selected for analysis. In the subsequent simulation
of working conditions, the direction of the calculation result
is defned according to the direction of the trough sections.

During the excavation of the foundation pit, a number of
monitoring projects such as the displacement of the di-
aphragm wall, the displacement of the ground surface and
the pore water pressure were carried out. Due to the limi-
tations of the installation of measuring points and the actual
situation of construction, the displacement of the diaphragm
wall is almost the onlymonitoring project that can collect the
data of the whole life cycle of the foundation pit. Terefore,
this study selects the diaphragm wall as the parameter
checking standard.
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2.3. Development of the Numerical Simulation Model

2.3.1. Simulation Assumptions and Regions. Midas/GTS NX
software is selected for modeling. Te simulation assump-
tions were as follows:

(1) Te rock and soil of the foundation pit obey
Mohr–Coulomb’s strength yield criterion

(2) Te infuence of groundwater on the foundation pit
can be simplifed as a steady fow

(3) Each structural unit in the underground diaphragm
wall and inner lining is completely elastic

Te calculation model was defned to be 300m long,
300m wide, and 100m deep. Te soil layers of the foun-
dation pit model were defned from top to bottom as
follows: 0–3m deep silt, 3–6m deep silty clay, 6–12m deep
silt sand, 12–18m deep medium sand, 18–24m deep coarse
sand, 24–40m deep strongly weathered mudstone, 40–70m
deep medium weathered mudstone, and 70–100m deep
slightly weathered mudstone. Te bottom end of the un-
derground diaphragm wall is embedded in weathered
mudstone, and the embedded depth is 10–20m. Te lining
of the pit was 1.5m thick from 0 to 6m deep and 2m thick
below 6m deep.
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Figure 1: Cross-sectional view along the bridge of the geological features in the study area.
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Figure 2: Slot expansion view.
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Te model default contact parameters: the normal
stifness scaling factor is 1, and the tangential stifness scaling
factor is 0.1. At the same time, adjust the auxiliary nodes to
eliminate internal penetration.

Te rock and soil layer is controlled by entity attributes
in the model, the grid is divided into 10m in the XY plane,
and the Z direction is divided according to the thickness of
the rock and soil layer. Te lining is controlled by line
property in the model, and the section size is 1.5m× 3.0m.
Te underground diaphragm wall is controlled by plane
attribute in the model, and the thickness is 1.5m. Te
thermal expansion coefcient of reinforced concrete con-
stituting the inner lining and underground diaphragm wall
is 1e− 006, and the damping ratio is 0.05.

Lining and diaphragm walls, diaphragm walls, and
geotechnical layers are connected by default contact
parameters.

Te errors of foundation pit excavation construction
conditions are controlled by on-site construction moni-
toring, and the modeling results are adjusted by parameter
checking. Finally, the subsequent working conditions are
analyzed according to the calculation results.

2.3.2. Model Boundary Conditions. Te boundary condi-
tions for the numerical model are as follows:

(1) Te left and right boundaries of the model are
constrained in the X-direction, with u� 0, where u is
the displacement in the X-direction, v is the dis-
placement in the Y-direction, and w is the dis-
placement in the Z-direction

(2) Te front and back boundaries of the model are
constrained in the Y-direction, with v � 0

(3) Te bottom boundary of the model is a fully con-
strained boundary, with u � v � w � 0

(4) Te upper boundary of the model is defned as a free
boundary; thus, no constraints are given

(5) Te initial stress is the self-weight stress of the
formation

Based on the abovementioned conditions, a model with
a length, width, and height of 300× 300×100m was
established, with a total of 15,840 units and 50,588 calcu-
lation equations (Figure 5). Te meshing model of the
underground diaphragm wall and lining structure is shown
in Figure 6.

2.3.3. Model Parameter Validation. Te existing methods
for selecting simulation parameters for modeling foundation
pit excavation include using parameters obtained through
geotechnical tests, relying on statistical data selected from
projects with similar conditions, and using empirical data.
However, each of these approaches has limitations. Te
parameters obtained from geotechnical tests need to be
corrected for use in simulation calculations, whereas
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Figure 3: Elevation view of the foundation pit excavation layers.
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parameters selected from statistical data are only applicable
to ordinary stratum and requires the accumulation of data
from many engineering projects. Furthermore, empirical
data are convenient to use, but lacks in scientifc rigor.
Signifcantly, none of these methods are universally appli-
cable. Tus, the depth displacement monitoring data and P

value check are used to verify the c (Cohesion), φ (Friction
angle), and E (Elastic Modulus) values of the foundation pit
rock and soil (Under the Mohr–Coulomb elastic-plastic
quasi-conditions, the cohesion (c), internal friction angle
(φ), and elastic modulus (E) of the rock and soil mass have
the greatest infuence on the calculation results). Specifcally,
when the error between the simulation calculation result and
the actual monitoring data was controlled within an al-
lowable range (P> 0.05), the physical and mechanical pa-
rameters selected for use in the calculation model were
considered reasonable. Once validated, the simulation cal-
culations were performed for subsequent working condi-
tions. Figure 7 shows an example of the monitoring data for
the displacement of the No. 15 groove wall.

Gradually check the simulation results and horizontal
displacement monitoring data of No. 2, 15, 28, and 42 slot
sections of diaphragm wall under 2–9 working conditions.
Figures 8 and 9 show the verifcation results of Condition 3
and Condition 6, respectively.

2.3.4. Seepage-Stress Coupling and Process Analysis. Te
unique temporary nature of foundation pit engineering
projects dictates that the force distribution and deformation
of the foundation pit supporting structure is not a state
problem but rather a process problem. To address the
variability of these characteristics between stages of the
foundation pit construction process, the process analysis
method is proposed and used in this study. Tus, the
simulation calculations were divided into three states: no

pore water pressure, steady-state seepage, and pore water
pressure applied.

Ten working conditions were considered for the no pore
water pressure state, as follows:

Condition 0: initial state
Condition 1: construction of underground
diaphragm wall
Condition 2: construction of the cap beam and exca-
vation of the frst and second layers
Condition 3: construction of the second layer of lining
and excavation of the third layer
Condition 4: construction of the third layer of lining
and excavation of the fourth layer
Condition 5: construction of the fourth layer of lining
and excavation of the ffth layer
Condition 6: construction of the ffth layer of lining and
excavation of the sixth layer
Condition 7: construction of the sixth layer of lining
and excavation of the seventh layer
Condition 8: construction of the seventh layer of lining
and excavation of the eighth layer
Condition 9: construction of the eighth layer of lining
and excavation of the ninth layer

Calculation of impose pore water pressure: Conditions
1–9 were considered for the steady-state seepage model. For
the model state where pore water pressure was applied, the
same conditions were considered. Te excavated layer was
used to complete the seepage calculations. For example, the
excavation of the third layer was used to complete the
seepage calculation for Condition 3. A fowchart of the
modeling process and analysis is shown in Figure 10.

3. Results

3.1. Determination ofModel Parameters. With regards to the
selection of model parameters, the underground diaphragm
wall and lining parameters were selected according to the
design specifcations. Te Poisson’s ratio, gravity, and per-
meability coefcient were selected according to the results of
indoor geotechnical tests. Te elastic modulus, friction
angle, and cohesive force were simulated and calculated
based on feld geotechnical test data and subsequently
confrmed by the P value inspection method. Table 1 shows
the rock and soil simulation parameters checked according
to the displacement monitoring data of diaphragm wall
under condition 2. Table 2 shows the simulation parameters
of foundation pit support structure.

3.2. Analysis of Equivalent Soil Strain. Te equivalent plastic
strain is an important reference value to measure the plastic
deformation of materials. Because of the actual situation of
the project and the disturbance of foundation pit excavation
to the rock and soil mass, the original strain calculation
method is difcult to objectively refect the strain law of
foundation pit soil. In this study, the equivalent plastic

Figure 5: Grid diagram of the pit model.

Figure 6: Grid diagram of the support structure (diaphragm wall
and lining).
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strain, which equates the complex strain state of soil to
a simple uniaxial tension or compression state, is used to
measure the strain characteristics of foundation pit soil. Te
specifc analysis is as follows:

Analysis of Figure 11 shows that the maximum equiv-
alent strain on the foundation pit in working condition 2
(excavation of the second layer) is 7.56959e− 3
(Figure 11(a)) when pore water pressure is not considered.
After considering the efects of pore water pressure, the
maximum equivalent strain is 7.33992e− 3 (Figure 11(b)).
Te maximum strain appears near the edge of the bottom of
the foundation pit and the strain distribution is circular.

Analysis of Figure 12 shows that the maximum equiv-
alent strain on the foundation pit is 1.13526e− 2
(Figure 12(a)) in working condition 3 (excavation of the
third layer) when pore water pressure is not considered.
After considering the efects of pore water pressure, the

maximum equivalent strain is 1.20842e− 2 (Figure 12(b)).
Te maximum strain appears near the edge of the bottom of
the pit and the strain distribution is similar to that of
condition 2.

Analysis of Figure 13 shows that when the pore water
pressure is not considered, the maximum equivalent strain
of the foundation pit in working condition 4 (excavation of
the fourth layer) is 1.37693e− 2 (Figure 13(a)); after con-
sidering pore water pressure, the maximum equivalent strain
is 1.53166e− 2 (Figure 13(b)). Te maximum strain occurs
near the edge of the bottom of the pit, and the strain dis-
tribution is circular, as in condition 3. However, the
equivalent strain distribution changes signifcantly after
considering pore water pressure.

Analysis of Figure 14 shows that the maximum equiv-
alent strain on the foundation pit is 1.53290e− 2
(Figure 14(a)) when pore water pressure is not considered
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Figure 7: Monitoring data of the underground diaphragm wall. (a) No. 2 section. (b) No. 15 section. (c) No. 28 section. (d) No. 42 section.

6 Advances in Materials Science and Engineering



and 1.73822e− 2 (Figure 14(b)) after considering pore water
pressure. Te maximum strain occurs near the edge of the
bottom of the pit. Similar to working condition 4, the
equivalent strain distribution changes signifcantly after
considering the efects of pore water pressure.

Analysis of Figure 15 shows that the maximum equiv-
alent strain on the foundation pit is 1.50441e− 2
(Figure 15(a)) when pore water pressure is not considered
and 1.67615e− 2 (Figure 15(b)) when pore water pressure is
considered.Te maximum strain occurs near the edge of the
bottom of the pit. Te shape of the equivalent strain area at
the bottom of the pit is similar to that of working
condition 5.

Analysis of Figure 16 shows that the maximum equiv-
alent strain on the foundation pit is 1.15651e− 2
(Figure 16(a)) when pore water pressure is not considered
and 1.25059e− 2 (Figure 16(b)) when pore water pressure is
considered.Te maximum strain occurs near the edge of the
bottom of the pit. Te equivalent strain distribution at the
bottom of the pit is similar to that of condition 6.

Analysis of Figure 17(a) shows that when pore water
pressure is not considered, the maximum equivalent strain
on the foundation pit is 4.10912e− 4, which occurs at the

junction of the fourth and ffth layers of lining on the
sidewall of the foundation pit. Figure 17(b) shows that after
considering pore water pressure, the maximum equivalent
strain is 7.58077e− 4, which occurs in the middle of the ffth
layer of lining on the sidewall of the foundation pit. Te
strain on the foundation pit wall is signifcantly increased
compared to condition 7, and the equivalent strain distri-
bution changes considerably after considering the efects of
pore water pressure.

Analysis of Figure 18(a) shows that when pore water
pressure is not considered, the maximum equivalent strain
on the foundation pit is 4.47740e− 4, which occurs at the
junction of the ffth and sixth layers of lining on the sidewall
of the foundation pit. Figure 18(b) shows that after con-
sidering the efects of water pressure, the maximum
equivalent strain is 8.58466e− 4, which occurs in the middle
of the ffth layer of lining on the sidewall of the foundation
pit. Te distribution of the equivalent strain on the ground
surface of the foundation pit is similar to that of condition 8.

Figure 19 shows the variation trend of the equivalent
strain maximum value under diferent working conditions.
Te maximum equivalent strain on the soil frst increases
with the excavation of additional layers and then decreases.
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Figure 8: Parameter verifcation of working condition 3. (a) No. 2 section (P � 0.63106). (b) No. 15 section (P � 0.144479). (c) No. 28 section
(P � 0.376336). (d) No. 42 section (P � 0.095349).
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Te maximum equivalent strain appears in condition 5
(excavation of the ffth layer). Te maximum equivalent
strain is relatively small in the excavation of the fnal layers
(conditions 8 and 9).Tus, the excavation of the middle sand
layer is critical to the prevention and control of strain on the
foundation pit.

Te distribution of the maximum equivalent strain in
working conditions 5–7 exhibits a “ring mountain” state-
a circle of continuous strain distribution with the maximum
value occurring approximately 5m from the edge of the pit
bottom. Notably, the equivalent strain area changes sig-
nifcantly before and after considering the efects of pore
water pressure in working conditions 4-5.

Te location of the maximum equivalent strain in the pit
is consistent across working conditions 2–9. After consid-
ering pore water pressure, the maximum strain in working
condition 2 decreases; however, the maximum strain in-
creased after considering the efects of pore water pressure in
all other conditions. Te change in equivalent strain after
considering the efects of pore water pressure was greatest
for working condition 9, with an increase of 91.7%. Tis
suggests that weathered mudstone is sensitive to the efects
of pore water pressure.

3.3. Displacement Analysis of Diaphragm Wall. Te dis-
placement of diaphragm wall refects the structural stability
characteristics during excavation and support of foundation
pit. In order to ensure the safety and controllability of the
whole excavation period of the foundation pit, the nepho-
gram analysis is carried out for the displacement of the
diaphragm wall:

Analysis of Figure 20 shows that when pore water
pressure is not considered, the maximum deformation of the
diaphragm wall after the excavation of the frst two layers is
1.38685e− 3m (Figure 20(a)). Te maximum deformation
occurs at the interface between the frst layer and the second
layer. Te deformation at the edge of the frst layer of the
underground diaphragm wall is relatively large, consistent
with the stress, and deformation characteristics of the
cantilever structure. After considering pore water pressure,
the maximum deformation of the underground diaphragm
wall increased to 7.99612e− 3m (Figure 20(b)), which oc-
curs at the interface between the ffth and sixth layers that
have not yet been excavated (medium sand layer). Afected
by the permeability of the sand and pore water pressure, the
deformation of the diaphragm wall has a dumbbell-shaped
distribution in this case.
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Figure 9: Parameter verifcation of working condition 6. (a) No. 2 section (P � 0.0793). (b) No. 15 section (P � 0.05399). (c) No. 28 section
(P � 0.066897). (d) No. 42 section (P � 0.062761).
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Analysis of Figure 21 shows that when pore water
pressure is not considered, the maximum value deformation
of the diaphragm wall is 2.08474e− 3m (Figure 21(a)) after
the excavation of the third layer.Temaximum deformation
appears at the interface between the second and third layers.
Te deformation of the diaphragm wall and the clay contact
area (second layer) is relatively large due to the circum-
ferential restraint of the inner lining. After considering the
efect of pore water pressure, the maximum deformation of
the diaphragm wall increased to 7.47772e− 3m
(Figure 21(b)) and occurs at the interface between the ffth
and sixth layers (medium sand layer), which have not yet
been excavated. Te deformation distribution is similar to
condition 2.

Analysis of Figure 22 shows that when pore water
pressure is not considered, the maximum deformation of the
diaphragm wall after the excavation of the fourth layer is
2.81142e− 3m (Figure 22(a)) and occurs at the interface
between the third and fourth layers. Te deformation of the
third and fourth layers (silt soil layer) is relatively large
because of the circumferential restraint of the inner lining.
Tere is a dumbbell-shaped distribution of deformation.
After considering pore water pressure, the deformation of
the underground diaphragm wall is extremely large, with
a maximum value of 7.29685e− 3m (Figure 22(b)). Te
maximum deformation occurs at the interface between the
ffth and sixth layers (medium sand layer), which have not
yet been excavated. Te deformation distribution is similar
to condition 3.

Analysis of Figure 23 shows that when pore water
pressure is not considered, the maximum deformation of the
diaphragm wall is 3.55944e− 3m (Figure 23(a)) after the
excavation of the ffth layer. Te maximum deformation
appears at the interface between the silt soil layer (fourth
layer) and the middle sand soil layer (ffth layer). After
considering the efects of pore water pressure, the maximum
deformation of the diaphragm wall is 7.63439e− 3m
(Figure 23(b)) and occurs at the interface between the ffth
and sixth layers. Te deformation distribution is similar to
condition 4.

Analysis of Figure 24 shows that when pore water
pressure is not considered, the maximum deformation of the
diaphragm wall is 4.30336e− 3m (Figure 24(a)) after the
excavation of the sixth layer. Te maximum deformation
occurs at the interface between the silt soil (fourth layer) and
middle sand soil layers (ffth layer). Te deformation of the
underground diaphragm wall is relatively large at the fourth
and ffth layers. Te deformation distribution of the un-
derground diaphragm wall is similar to condition 5. After
considering pore water pressure, the maximum deformation
of the diaphragm wall is 8.26873e− 3m (Figure 24(b)),
which occurs at the interface between the ffth and sixth
layers. Te deformation distribution is similar to
condition 5.

Analysis of Figure 25 shows that when pore water
pressure is not considered, the maximum deformation of the
diaphragm wall is 4.88058e− 3m (Figure 25(a)) after the
excavation of the seventh layer. Te maximum deformation
occurs at the interface between the silt soil and middle sand
soil layers. After considering pore water pressure, the
maximum deformation increases to 8.80627e− 3m
(Figure 25(b)), which occurs at the interface between the
ffth and sixth layers. Te deformation distribution is similar
to condition 6.

Analysis of Figure 26 shows that when pore water
pressure is not considered, the maximum deformation of the
diaphragm wall is 5.39555e− 3m (Figure 26(a)) after the
excavation of the eighth layer. Tis occurs at the interface of
the ffth and sixth layers. After considering pore water
pressure, the maximum deformation of the diaphragm wall
is 9.14792e− 3m (Figure 26(b)), which occurs at the in-
terface between the ffth and sixth layers. Te deformation
distribution is similar to condition 7.
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Analysis of Figure 27 shows that when pore water
pressure is not considered, the maximum deformation of the
diaphragm wall is 5.79305e− 3m (Figure 27(a)) after the

excavation of the ninth layer. Te maximum deformation
occurs at the interface of the ffth and sixth layers. After
considering pore water pressure, the maximum deformation

Table 2: Structural parameters and mechanical parameters.

Structures Elastic modulus (kN/m2) Weight (kN/m3) Poisson’s ratio
Underground diaphragm wall 3.07E7 25 0.2
Lining 3.07E7 25 0.2
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Figure 11: Working condition 2. Equivalent soil strain (a) without pore water pressure and (b) with pore water pressure applied.
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Figure 12: Working condition 3. Equivalent soil strain (a) without pore water pressure and (b) with pore water pressure applied.
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Figure 13: Working condition 4. Equivalent soil strain (a) without pore water pressure and (b) with pore water pressure applied.
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of the diaphragm wall is 9.81842e− 3m (Figure 27(b)),
which occurs at the interface of the ffth and sixth layers. Te
deformation distribution is similar to condition 8.

Analysis of Figure 28 shows that when pore water
pressure is not applied, the maximum deformation of the
diaphragm wall increases linearly as more layers of the
foundation pit are excavated. Furthermore, the site of the
maximum deformation gradually moves from the interface of
the frst and second layers to the interface of the ffth and sixth

layers. When considering the efects of pore water pressure,
the maximum deformation of the diaphragm wall frst de-
creases and then increases with the excavation of additional
layers. Te maximum deformation is consistently located at
the interface between the ffth and sixth foundation pit layers,
even when considering the conditions before these layers have
been excavated. Accordingly, the middle sand layers (the ffth
and sixth foundation pit layers) are critical to preventing and
controlling the deformation of the diaphragm wall.
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Figure 14: Working condition 5. Equivalent soil strain (a) without pore water pressure and (b) with pore water pressure applied.
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Figure 15: Working condition 6. Equivalent soil strain (a) without pore water pressure and (b) with pore water pressure applied.
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Figure 16: Working condition 7. Equivalent soil strain (a) without pore water pressure and (b) with pore water pressure applied.
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With regards to the deformation distribution, the un-
derground diaphragm wall deformation exhibits a dumb-
bell-shaped distribution by working condition 9, both with
and without pore water pressure applied. However, this

deformation distribution gradually evolves as the excavation
progresses when ignoring the efects of pore water pressure.
Conversely, this distribution is consistent across all con-
sidered conditions when pore water pressure is applied.

In summary, there are signifcant changes in the max-
imum deformation and the deformation distribution after
considering the efects of pore water pressure in working
conditions 2–7. Specifcally, the maximum deformation in
each working condition increases after considering pore
water pressure; the increase in working condition 2 is the
greatest, with a 4.77-fold change. Tis result shows that pore
water pressure has a signifcant efect on the deformation of
the diaphragm wall.

3.4. Analysis of the Axial Force on the Inner Pit Lining.
Tis study also explored the efect of pore water pressure on
the axial force of the foundation pit lining.

Analysis of Figure 29 shows that when pore water
pressure is not considered, the maximum absolute liner axial
force on the inner lining is −8.34491e2 kN (Figure 29(a))
after the excavation of the frst and second foundation pit
layers. After considering pore water pressure, the maximum
absolute liner axial force is −3.33002e2 kN (Figure 29(b)).
Te site of the maximum axial force is consistent between
conditions (Figures 29(a) and 29(b)).
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Figure 17: Working condition 8. Equivalent soil strain (a) without pore water pressure and (b) with pore water pressure applied.
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Figure 18: Working condition 9. Equivalent soil strain (a) without pore water pressure and (b) with pore water pressure applied.
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Figure 19: Maximum equivalent soil strain with and without pore
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Figure 20: Working condition 2 wall deformation (a) without pore water pressure and (b) with pore water pressure applied.
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Figure 21: Working condition 3 wall deformation (a) without pore water pressure and (b) with pore water pressure applied.
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Figure 22: Working condition 4 wall deformation (a) without pore water pressure and (b) with pore water pressure applied.
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Figure 23: Working condition 5 wall deformation (a) without pore water pressure and (b) with pore water pressure applied.
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Figure 24: Working condition 6 wall deformation (a) without pore water pressure and (b) with pore water pressure applied.
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Figure 25: Working condition 7 wall deformation (a) without pore water pressure and (b) with pore water pressure applied.
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Analysis of Figure 30 shows that when pore water
pressure is not considered, the maximum absolute liner axial
force on the inner pit lining is −1.02039e3 kN (Figure 30(a))
after the excavation of the third layer of the pit. After
considering pore water pressure, the maximum absolute
liner axial force is −7.31029e2 kN (Figure 30(b)). Tere is
a signifcant change in the location of the maximum linear
axial force after applying pore water pressure.

Analysis of Figure 31 shows that when pore water
pressure is not considered, the maximum absolute liner axial
force on the inner lining is −9.19388e2 kN (Figure 31(a))
after the excavation of the fourth layer of the pit. After
considering the efect of pore water pressure, the maximum
absolute liner axial force is −8.35253e2 kN (Figure 31(b)).
Tere is a signifcant change in the location of the maximum
axial force after applying pore water pressure.

Analysis of Figure 32 shows that when pore water
pressure is not considered, the maximum absolute liner axial
force on the inner lining is −1.06719e3 kN (Figure 32(a))

after the excavation of the ffth layer. After applying pore
water pressure, the maximum absolute liner axial force is
−7.56661e2 kN (Figure 32(b)). Te location of the maximum
liner axial force changes signifcantly after applying pore
water pressure. Furthermore, the distribution of the axial
force changes compared to the previous conditions. Spe-
cifcally, the axial force on the inner lining increases from top
to bottom, and the axial force on the newly constructed
(fourth) layer of the inner lining is obviously greater than the
frst three layers.

Analysis of Figure 33 shows that when pore water
pressure is not considered, the maximum absolute liner axial
force on the inner lining is −1.28114e3 kN (Figure 33(a))
after the excavation of the sixth layer. After considering pore
water pressure, the maximum absolute liner axial force is
−9.65728e2 kN (Figure 33(b)). Te location of the maximum
axial force changes signifcantly after considering the efects
of pore water pressure. Similar to working condition 5, the
axial force on the lining increases from top to bottom, and
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Figure 26: Working condition 8 wall deformation (a) without pore water pressure and (b) with pore water pressure applied.
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Figure 27: Working condition 9 wall deformation (a) without pore water pressure and (b) with pore water pressure applied.
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the axial force on the newly constructed lining (ffth layer) is
signifcantly greater than the force on the frst four layers.

Analysis of Figure 34 shows that when pore water pressure
is not considered, the maximum absolute liner axial force on
the pit lining is −1.4719e3kN (Figure 34(a)) after the exca-
vation of the seventh layer. After considering pore water
pressure, the maximum absolute liner axial force is
−1.12127e3kN (Figure 34(b)). Te location of the maximum
linear axial force changes signifcantly after considering the
efects of pore water pressure. Similar to the previous condi-
tions, the axial force on the lining increases from top to bottom,
and the axial force on the newly constructed lining (sixth layer)
is signifcantly greater than that on the frst fve layers.

Analysis of Figure 35 shows that when pore water
pressure is not considered, the maximum absolute liner axial
force on the lining is −1.4692e3 kN (Figure 35(a)) after the
excavation of the eighth layer. After considering the efects
of pore water pressure, the maximum absolute liner axial
force is −1.15220e3 kN (Figure 35(b)). As in the previous
conditions, the location of the maximum linear axial force
changes signifcantly after considering the efects of pore
water pressure. Furthermore, the axial force of the inner
lining increases from top to bottom, and the axial force on
the newly constructed inner lining (the seventh layer) is
signifcantly greater than that on the frst six layers.

Analysis of Figure 36 shows that when pore water
pressure is not considered, the maximum absolute liner axial
force on the inner lining is −1.54989e3 kN (Figure 36(a)) after
the excavation of the ninth layer. After considering pore water
pressure, the maximum absolute liner axial force is
−2.50205e3 kN (Figure 36(b)). After considering pore water
pressure, the location of the maximum liner axial force
changes signifcantly. Furthermore, as in previous conditions,
the axial force on the lining increases from top to bottom, and
the axial force on the newly constructed lining (the eighth
layer) is signifcantly greater than that on the frst seven layers.

As shown in Figure 37, the maximum liner axial force on
the pit lining increases signifcantly as foundation pit exca-
vation progresses.Temaximum liner axial force occurs in the
eighth layer of the lining after the excavation of the ninth layer
of the foundation pit. In working conditions 5–9, the axial
force on the inner lining increases from the top to the bottom
of the pit, and the axial force on the newly constructed layer of
the inner lining is greater than that on the layers constructed in
previous stages. Tus, the newly constructed layer of lining is
a sensitive location for liner axial force monitoring.

Te distribution of the linear axial force is similar re-
gardless of whether pore water pressure is considered.
However, the location of the maximum liner axial force
changes after applying pore water pressure for working
conditions 4–9. Furthermore, compared with the de-
formation of the underground diaphragm wall, the lining
axial force is less afected by the excavation rock and soil
conditions.

Te maximum liner axial force decreases in working
conditions 2–8 when considering pore water pressure, with
a maximum decrease of 60.1% in working condition 2.
However, the maximum axial force increases by 61.4% in
working condition 9 after considering pore water pressure.
Tus, pore water pressure has a signifcant efect on the axial
force on the foundation pit lining.

4. Discussion

Tis study relies on the excavation and support engineering
of the west anchorage pit of Humen Second Bridge. A new
method for checking simulation parameters based on the
monitoring data of diaphragm wall displacement is pro-
posed. Te modeling calculation and analysis theory of
foundation pit excavation and support process is established.
A method of superimposing pore water pressure to realize
seepage-stress coupling is proposed. Te stress and de-
formation characteristics of the soil layer and the supporting
structure during the excavation and supporting process of
the foundation pit are obtained as follows:

Te maximum equivalent strain of the foundation pit
frst increases and then decreases with the excavation
conditions (the peaks in conditions 5-6). During the exca-
vation of the foundation pit, the maximum equivalent strain
has a unique “ring-shaped mountain” distribution in
working conditions 5–7. Considering the infuence of pore
water pressure, the maximum equivalent strain change is the
largest in the excavation of the ninth layer of foundation pit,
which increases by 91.7%. It shows that the weathered
mudstone is very sensitive to the infuence of pore water
pressure.

During the excavation of the foundation pit, the de-
formation of the diaphragm wall and the maximum axial
force of the lining tend to increase. After considering the
efect of pore water pressure, the location and distribution of
the maximum deformation of the underground diaphragm
wall changed signifcantly. In addition, the excavation of the
intermediate sand layer is essential to prevent and control
the deformation of the diaphragm wall. Te distribution of
the deformation of the diaphragm wall is “dumbbell shape.”
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Figure 28: Maximum deformation of the underground
diaphragm wall.
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Figure 30: Working condition 3 lining axial force (a) without pore water pressure and (b) with pore water pressure applied.
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Figure 31: Working condition 4 lining axial force (a) without pore water pressure and (b) with pore water pressure applied.
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Figure 29: Working condition 2 lining axial force (a) without pore water pressure and (b) with pore water pressure applied.
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Figure 33: Working condition 6 lining axial force (a) without pore water pressure and (b) with pore water pressure applied.
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Figure 34: Working condition 7 lining axial force (a) without pore water pressure and (b) with pore water pressure applied.
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Figure 32: Working condition 5 lining axial force (a) without pore water pressure and (b) with pore water pressure applied.
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Figure 36: Working condition 9 lining axial force (a) without pore water pressure and (b) with pore water pressure applied.
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Figure 37: Maximum liner axial force on the foundation pit lining across conditions.
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Figure 35: Working condition 8 lining axial force (a) without pore water pressure and (b) with pore water pressure applied.
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Te deformation of the diaphragm wall changes after
considering the pore water pressure. In 5–9 working con-
ditions, the axial force of the lining increases from top to
bottom. After applying pore water pressure, the deformation
of the diaphragm wall after excavation of the second layer
increased by 4.77 times compared with the state without
pore water pressure. However, the pit lining axial force was
reduced by 60.1%. In most cases, the pore water pressure
reduces the deformation of the diaphragm wall, while the
pore water pressure increases the axial force on the exca-
vation lining.

5. Conclusion

Tis study proposes an analysis method for the excavation
support process. Combined with the simulation parameter
checking method based on monitoring data, the stress and
deformation analysis of the supporting structure during the
excavation of the foundation pit is carried out. Te early
warning analysis of circular foundation pit excavation in
sandy soil layer is realized.

Te stress-seepage coupling is realized based on the
superposition calculation method of pore water pressure.
Te stress and deformation characteristics of the diaphragm
wall and lining under steady seepage conditions are ana-
lyzed. Te stress-deformation response mechanism of the
support structure during the excavation of the circular
foundation pit in the sandy soil layer is revealed.

Te process analysis method proposed in this study is
also applicable to the numerical simulation of geotechnical
engineering such as foundation pit excavation, slope sup-
port, and karst settlement. Although this method can realize
the full-cycle simulation of the project, however, it still relies
heavily on feld monitoring data, especially the parameter
calibration of initial operating conditions.
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