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Taking a super large deep foundation pit project as an example, the horizontal displacement of crown beam and driveway,
surface settlement, axial force of anchor cable, and underground water level in the construction process of the foundation pit
are dynamically monitored and analyzed. 'e excavation deformation rule of the deep foundation pit and the influence of
excavation on surrounding buildings are analyzed. 'e results show that, with the excavation of the foundation pit, the crown
beam and driveway of the foundation pit incline towards the direction of the pit and eventually tend to be stable. 'e variation
of axial force of the prestressed anchor cable in the first layer of the foundation pit is basically consistent with the variation of
horizontal displacement time history. 'e variation trend of the groundwater level at each side of the foundation pit is different
but tends to be stable in a short time. In the whole monitoring period, the cumulative settlement value of each area of the
foundation pit is within the controllable range, but the surface settlement of the north side of the foundation pit and a
surrounding building has not reached stability, so it is suggested to extend the monitoring time of settlement in the
relevant area.

1. Introduction

'e excavation of the foundation pit is accompanied by the
stress redistribution of the surrounding soil [1–4]. Under the
action of earth pressure, a certain displacement will be
generated towards the pit, which will affect the stability of
the foundation pit and surrounding buildings. 'erefore,
relevant supporting measures need to be taken [5, 6]. As a
foundation pit supporting structure, the pile-anchor
structure has been widely used in practical engineering
[7–10]. It can make rational use of the soil’s own charac-
teristics, give full play to the mutual bonding between soil
and pile-anchor structure, and have the advantages of rapid
construction and low cost [11, 12]. With the continuous
development of urban construction and excavation equip-
ment, the scale of foundation pit engineering is developing
towards a larger and deeper direction [13, 14]. For the
construction process of super high-rise buildings and un-
derground garages, the excavation of the deep foundation pit

has little influence on the surrounding buildings and traffic
roads, so it is necessary to monitor the dynamic changes of
soil indexes around the foundation pit during the excavation
process [15–18]. 'e stability of geotechnical materials is
affected by many factors [19–23]. In order to ensure the
stability of the foundation pit itself and the surrounding
environment as well as the pile-anchor retaining structure,
dynamic monitoring is widely used as an effective means
[24]. 'rough monitoring, the monitoring data can be
compared with the design value to judge whether the pre-
vious step of construction technology and construction
parameters meet the expected requirements and determine
and optimize the next step of construction parameters, so as
to achieve information construction [25, 26]. Zhu et al. [27]
carried out physical model experiments in the laboratory
based on a pit-in-pit foundation. Bennett et al. [28] present
an overview of the most used nondestructive inspection
(NDI) and structural health monitoring (SHM) technologies
for freshwater pipes and sewers. By analyzing the
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monitoring data, we can judge whether the previous con-
struction effect meets the requirements and guide and op-
timize the next step of foundation pit excavation. Based on a
very large pile-anchor bracing deep foundation pit engi-
neering as an example, the foundation pit crown beam
settlement and horizontal displacement, anchor axial force,
the change of underground water level in the construction
period for dynamic monitoring, and the analysis of defor-
mation of soil around the foundation pit are summarized,
and the influence of excavation on surrounding buildings
can provide reference for the local similar deep foundation
pit engineering.

2. Project Overview and Support Scheme

'is project is a super large underground project, the shape of
which is approximately rectangular. 'e safety level of the
foundation pit is level 1.'e excavation depth of the foundation
pit is about 34m, and the supporting length of the foundation
pit is about 1330m.'e site consists of quaternary overburden,
which includes artificial fill, alluvium and eluvium, and creta-
ceous bedrock, which includes silty sand and local coarse
sandstone and conglomerate. 'e groundwater of the site is
mainly quaternary pore water and bedrock fissure water. 'e
quaternary pore water occurs in the pores of sand layer and silty
clay. 'e sand layer is the main aquifer, and the depth of the
groundwater level is 1.07∼4.90m. 'ere is a small amount of
water leakage in bedrock fissure water, but the overall water
content of bedrock is small. Combined with the engineering
characteristics and site conditions, double row triple high-
pressure jet grouting piles are constructed around the foun-
dation pit to strengthen the surrounding soil and cut off the
seepage path of the peripheral groundwater into the foundation
pit. 'e foundation pit support method is “double row jet
grouting pile sealing curtain+ artificial excavated pile+ anchor
cable,” which is widely used in the foundation engineering
[29, 30]. 'e layout of foundation pit monitoring points is
shown in Figure 1, where C1–C4 represent the driveway.

3. Monitoring Results and Analysis

3.1. Horizontal Displacement of Foundation Pit Crown Beam
and Foundation Pit Driveway. 'ree reference points are set
outside the influence range of building deformation, and the
buried depth is 0.5m. 'e monitoring points are arranged
along the perimeter of the foundation pit on the concrete
roof or crown beam of the foundation pit slope. 'e hor-
izontal spacing of the monitoring points is less than 20m,
and the polar coordinate measurement method is adopted
for horizontal displacement monitoring. As shown in the
distribution map of the foundation pit monitoring points,
the positive and negative of the horizontal displacement only
represent the direction. For the convenience of analysis, the
absolute value of all the monitoring data is processed. 'e
horizontal displacement monitoring data of the short side
B49, B50, B51, and B52 on the west side of the foundation
pit, the long side B12, B15, and B17 on the south side of the

foundation pit, and the roadway C1, C1-1, C2, C2-1, C3, and
C4 of the foundation pit are taken for analysis, as shown in
Figure 2. It can be seen from Figures 2(a) and 2(b) that the
variation law of horizontal displacement monitoring curves
of the long and short sides of the foundation pit is basically
similar, and the overall trend increases with the excavation
time. As shown in Figure 2(a), with the progress of soil
excavation, the excavation face of the foundation pit in-
creases continuously, and the horizontal displacement of the
top of the foundation pit increases rapidly under the earth
pressure outside the foundation pit. As soil excavation and
prestressed anchor cable construction are carried out at the
same time, the horizontal displacement of the soil around
the support is limited and grows slowly. As the excavation
continues, the restriction of the prestressed anchor cable on
the horizontal displacement of the surrounding soil is
weakened, and the pile top tends to move towards the pit.
About 550 d after excavation, the change curve of the
horizontal displacement of the pile top tends to be flat. Until
the end of monitoring, the horizontal displacement of the
pile top fluctuates within a controllable range. 'e maxi-
mum value of the horizontal displacement in the X direction
is the monitoring point C3, with a value of 29.3mm, and the
maximum value of the horizontal displacement in the Y
direction is the monitoring point B49, with a value of
27.3mm, both of which do not exceed the alarm value. In
addition, according to Figure 2(b), although the final cu-
mulative values of horizontal displacements on the short
edge of the foundation pit are similar, the horizontal dis-
placements in the middle of the short edge of the foundation
pit (B50 and B51) are greater than those on both sides of the
short edge of the foundation pit (B49 and B52) during the
excavation process. Combined with the distribution of
monitoring points of the driveway and Figure 2(c), it can be
seen that, in the whole monitoring cycle, with the increase of
depth, the final cumulative value of horizontal displacement
of the driveway increases continuously, and the curve rises at
a faster rate.

3.2. Surface Settlement in Each Area of Foundation Pit.
For the convenience of observation, settlement displacement
observation points and horizontal displacement observation
points are arranged at the same point, and round trip
confluence leveling is adopted for settlement monitoring.
'e monitoring data of B49 and B50 on the short side of the
foundation pit, B15 and B17 on the long side, C2 and C3 on
the driveway of the foundation pit, and F1, F2, F3, and F4 on
the surrounding buildings of the foundation pit are selected
for analysis. 'e settlement displacement curves of the
crown beam and driveway of the foundation pit are shown in
Figure 3, and the settlement curves of the surrounding
buildings are shown in Figure 3(b). In addition, according to
the occurrence of uneven settlement on the north side of the
foundation pit, additional monitoring points A1, A2, A3,
and A5 were selected for analysis, and the time-history
variation curve of relevant settlement was shown in
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Figure 3(c). As can be seen from Figure 3(a), the settlement
displacement of the crown beam and driveway in the
foundation pit is roughly the same, both of which settle to a
certain extent with the progress of soil excavation and
eventually tend to be stable. 'e maximum settlement ac-
cumulation of the crown beam and driveway occurred at the
monitoring point C2, which was 7.03mm, not reaching the
alarm value (±20mm), which proved that the supporting
system adopted in the foundation pit engineering played a
good role in restraining the settlement of the soil in the
foundation pit. Figure 3(b) shows that the settlement dis-
placement curve of buildings around the foundation pit
continues to decline after a period of stability (600 d–1000 d)
and does not reach a stable state again in the whole mon-
itoring cycle. It can be seen from Figure 3(c) that the soil on
the north side of the foundation pit has subsidence in the
whole monitoring period. Although the ground subsidence
observed at the monitoring points on the north side of the
foundation pit (A1, A2, A3, and A5) and the surrounding
buildings (F1, F2, F3, and F4) were all alarm values until the
end of monitoring, the monitored settlement displacement
curve could not reflect the maximum deformation value of
the ground subsidence there. 'e same phenomenon is also
mentioned in literature [1, 2]. 'erefore, it is suggested to
extend the monitoring time of surface subsidence in these
two places.

3.3. Stress of Anchor Cable. 'e anchor cable stress moni-
toring adopts the anchor cable dynamometer installed on the
anchor cable [31–34], which is installed in the middle of each
edge, the sun corner, and the section with complex geo-
logical conditions. Correspondent to the horizontal dis-
placement curve of pile head, the monitoring data (M10,
M15, M33, and M45) of the first layer of the anchor cable in
different areas were selected for analysis to obtain the curve

of the axial force of anchor cable in the first layer over time,
as shown in Figure 4. As can be seen from Figure 4, in the
whole monitoring cycle, the change rule of axial force of the
first layer anchor cable with time in different areas is ba-
sically the same. With the excavation, the axial force of
anchor cable decreases and finally becomes stable. 'e time-
history evolution curve of the anchor cable axial force has a
good consistency with the horizontal displacement curve of
the pile top. At the beginning of excavation, the anchor cable
axial force curve has a large drop and then enters the period
of shock decline. Finally, the anchor cable axial force curve
tends to be stable with the completion of soil excavation. It is
not difficult to find that corresponding to the horizontal
displacement of each side of the foundation pit is similar,
and the cumulative loss of axial force of the anchor cable of
the first layer in different areas is also roughly the same,
which indicates that the supporting system adopted in this
project has played a better role in limiting the displacement
of the soil.

3.4. Groundwater Level. 'e water level monitoring holes
are arranged along the foundation pit and around the
protected object [35, 36]. 'e interval between the mon-
itoring holes is 20m–50m, and a total of water level
monitoring holes are arranged. 'e bottom of the water
level pipe is sealed to prevent sediment from entering the
pipe. 'e bottom of the water level pipe flows 0.5–1m to
deposit a small amount of mud and sand brought by the
water filter section. No holes shall be drilled in the area 2m
below the surface to ensure the sealing quality and the pores
outside the pipe shall be blocked with cohesive soil to avoid
the inflow of surface water into the pipe. 'e water level
pipe is about 300mm above the ground, and it is covered to
prevent rainwater from entering. During the water level
measurement, the side head is moved slowly downward.
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Figure 1: Layout of foundation pit monitoring points.
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When the side head touches the water surface, the receiving
system sends out a signal, and the ground water level el-
evation can be obtained according to the reading of the
steel ruler cable at the pipe opening. 'e groundwater level
monitoring data (S2, S3, S4, and S6) at each side of the
foundation pit were selected for analysis, and the time-
history variation curve of the groundwater level of the

foundation pit was obtained, as shown in Figure 5. Figure 5
shows that there are great differences in the specific changes
of the groundwater level at each side of the foundation pit.
'e water level in the south and east side of the foundation
pit experienced a large drop in a short time and then
quickly stabilized. 'e S4 data of the monitoring point on
the north side of the foundation pit showed that the water
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Figure 2: Horizontal displacement curve of crown beam and driveway in the foundation pit. (a) Horizontal displacement of the long
side of the foundation pit. (b) Horizontal displacement of short edge of the foundation pit. (c) Horizontal displacement of the
driveway.
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level changed little during the whole monitoring period.
'e groundwater level in the east of the foundation pit
decreases first and then rises to the initial level and then
tends to be stable. It is proved that the water stop curtain of
double row jet grouting pile plays a good water retaining
function in the foundation pit engineering. According to
the data of four monitoring points, the groundwater level of
S2 on the south side of the foundation pit fluctuates the

most, up to 5.4m. 'e second is S3 on the east side of the
foundation pit, and the change of the groundwater level is
about 1.6m. Yadav et al. [1] also found that the change of
the groundwater level in the foundation pit reached 4.5m
within dozens of days. 'is is mainly because the
groundwater in the deep foundation pit project in this
paper is abundant and fluctuates greatly, but it does not
trigger the monitoring and alarm system.
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Figure 3: Settlement displacement curve of each area of the foundation pit. (a) Settlement displacement curve of the foundation pit crown
beam and driveway. (b) Settlement displacement curve of buildings around the foundation pit. (c) Settlement displacement curve on the
north side of foundation pit.
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4. Conclusions

(1) For super-large deep foundation pit engineering, the
support system of double row jet grouting pile water-
sealing curtain + artificial hole-digging pile + pres-
tressed anchor cable plays a good supporting role. In
the whole monitoring period, the horizontal dis-
placement of the crown beam and driveway of the
foundation pit, the ground settlement in each area of
the foundation pit, the axial force loss of the anchor
cable, and the change of the underground water level
do not reach the alarm value, which indicates that the
design scheme of the pile-anchor supporting system
used in the foundation pit is safe and reliable.

(2) With the excavation of the foundation pit, the crown
beam and driveway of the foundation pit will move
in the direction of the pit and eventually tend to be
stable. 'e variation curve of the prestressed anchor
cable of the first layer in each area of the foundation
pit is in good consistency with the variation curve of
the horizontal displacement time history. 'e vari-
ation trend of the groundwater level at each side of
the foundation pit is different but tends to be stable
in a short time.

(3) With the excavation of the soil, the settlement of the
foundation pit and the surrounding area will occur to
a certain extent. During the whole monitoring pe-
riod, the cumulative settlement value of each area of
the foundation pit is within the controllable range.
However, the data of the newly added monitoring
points on the north side of the foundation pit and the
monitoring points of a surrounding building show
that the surface settlement has not reached stability.
'erefore, it is suggested to extend the monitoring
time of settlement in the relevant areas.
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