Hindawi

Mathematical Problems in Engineering
Volume 2020, Article ID 6675531, 16 pages
https://doi.org/10.1155/2020/6675531

Research Article

Hindawi

Deformation Behavior of Deep Foundation Pit under Both
Overloading and Unloading Conditions

Wei Gang ,! Zhou Xin-Xin,> Xu Yin—Feng,3 Zhang Li,* and Zhang Xin-Hai’

'Department of Civil Engineering, Zhejiang University City College, Hangzhou 310015, China
2College of Civil Engineering and Architecture, Zhejiang University, Hangzhou 310058, China
*Hangzhou Survey and Design Institute, Hangzhou 310012, China

*College of Chemical Engineering, Zhejiang University of Technology, Hangzhou 310000, China
*College of Ocean, Zhejiang University, Zhoushan 316000, China

Correspondence should be addressed to Wei Gang; weig@zucc.edu.cn

Received 4 November 2020; Revised 19 November 2020; Accepted 10 December 2020; Published 23 December 2020
Academic Editor: Abdul Qadeer Khan

Copyright © 2020 Wei Gang 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.

A deep foundation pit in a station of the Hangzhou subway is adjacent to new high-rise residential buildings on the north side and
to the Evergrande foundation pit being excavated on the south side. This work considers the excavation of the foundation pit in the
subway station as the research subject, focuses on the difference of the deformation and Earth pressure between the north side and
the south side of the foundation pit under these special working conditions through the analysis of the measured data, and
compares it with an ordinary foundation pit. Analyzing the measured data reveals that the horizontal displacement of the
retaining wall and the ground settlement are far larger on the north side than on the south side, and both often exceed the
deformation alarm value; the deformation of the ordinary foundation pit is between the deformation of the overloaded (north)
side and that of the unloaded (south) side of the foundation pit. Moreover, the maximum rate of the horizontal creep of the soil
and the maximum rate of the creep caused by the ground settlement on the north side of the foundation pit are larger than those
on the south side of the foundation pit; the maximum rate of the horizontal creep of the ordinary foundation pit is between the
two. The active Earth pressure on the pit wall on the north side is higher than that on the south side of the foundation pit, and
because of the surrounding unloading, passive Earth pressure is generated at the bottom of the pit wall on the south side of the
foundation pit, which causes it to shift to the outside of the foundation pit. The settlement of the surrounding high-rise buildings
and the settlement of the columns are all within the range of the alarm values; also, the buildings settle evenly. Due to the
excavation and unloading on the south side of the foundation pit, the uplift of the columns is not considerable.

1. Introduction

During the municipal construction projects, foundation pit
engineering is of great importance in the field of geotech-
nical engineering [1]. The enclosure system of a foundation
pit has a small safety reserve, and the design and con-
struction of the pit are closely related to the surrounding
environment [2], which make the foundation pit engi-
neering has its special characteristics such as high risk and
individuality [3], especially for the excavation of deep
foundation pits [4]. Owing to the high risk and high diffi-
culty of the excavation process, deep foundation pits often
pose great safety hazards to people such as the collapse of the

deep foundation pit in the Xianghu station of the Hangzhou
subway. Therefore, monitoring and analysis of the excava-
tion of deep foundation pits are of great significance for
ensuring its safety [5].

Some works have monitored and analyzed the exca-
vation of deep foundation pits under overloading or
unloading conditions and summarized the corresponding
laws. For the case where there is an overload on the pit
edge, Shi et al. [6] monitored the building next to the
excavation pit and found that the maximum settlement
value of the building appeared at its corner, and there is a
tendency for the horizontal direction to move toward the
pit. Mangushev et al. [7] studied the settlement of the
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building next to the pit and found that the cause of ad-
ditional settlement in building foundations during the
excavation of a deep pit next to them was the loss of
structure in thixotropic water-saturated bed soil and their
transition to a fluid-plastic state. In another work, Wang
et al. [8] studied the whole process of pit excavation and
found the effect of dewatering water from the foundation
pit was greater than that of the excavation on the building
when the brick-concrete building structure was 34 m away
from the foundation pit. Under the conditions of exca-
vation and unloading on the side of a foundation pit, Ding
et al. [9] examined the monitored data on the excavation of
double foundation pits and discovered that the variation in
the soil displacement of the foundation pit near the ex-
cavation and under unloading conditions is quite different
from that of an ordinary foundation pit. Furthermore, Shi
et al. [10] investigated the excavation of adjacent deep
foundation pits and found that large-area excavation
around a foundation pit can change the soil pressure of the
pile above the excavation surface. Zeng et al. [11] studied
the deformation of the perimeter walls of two adjacent
abutments and found that the deflection profile of each wall
in the adjacent pits showed the same pattern as that for
walls in a single pit. Nonetheless, to the best of our
knowledge, no work has been reported on monitoring and
analysis of the excavation of deep foundation pits under
simultaneous overloading and unloading conditions.

Therefore, this paper considers the excavation of a deep
foundation pit in a station of the Hangzhou subway as the
subject of the study; the standard section of the foundation
pit is close to the high-rise residential buildings on the north
side and to the Evergrande pit being excavated on the south
side. Through monitoring and analysis, the difference of the
settlement and deformation characteristics between the two
sides of the foundation pit under special conditions of
overloading and unloading is examined; then, this deep
foundation pit is compared with a common pit with neither
overloading nor unloading on its periphery; finally, the
corresponding change law is derived, and the specific rea-
sons for the difference between the two sides are summa-
rized. By studying this condition, it is possible to fill the gaps
in the existing research and to gain experience for subse-
quent excavations in similar conditions.

2. Project Overview and
Monitoring Arrangement

The total length of the main structure of the project is
472.4 m, and the width of the end well is 25.4 m; the standard
section of the foundation pit is 21.3 m. The foundation pit is
constructed by the open-cut construction method, and the
side wall is a composite wall composed of a continuous
underground wall and an inner lining wall. The thickness of
the continuous wall is 0.8 m, and the insertion ratio is in the
range of 0.79 to 1.07; the excavation depth of the standard
section is also 18 m. The settings of the specific supporting
structure of the standard section of the foundation pit are
shown in Figure 1.
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FIGURE 1: A cross-sectional diagram of the supporting structure of
the standard section of the foundation pit in the subway station
(unit: (m)).

2.1. Geological Conditions. The distribution of the excavated
soil layers in the standard section is displayed in Figure 1,
and the corresponding physical and mechanical parameters
are detailed in Table 1.

2.2. Hydrological Conditions. There is no surface river in the
project site, where the diving water level is generally
0.50-1.50 m deep at the first sight, and the static water level is
generally 0.40-1.90m deep. The confined water is largely
distributed in the deep gravel layer with a depth of greater
than 36 m. Detailed surveys have revealed that a small
amount of the confined water has a buried depth of 4.30 m
with an annual variation of 1 to 3m, so it has a minimal
impact on the project.

2.3. Overview of the Surrounding Environment. The foun-
dation pit in the subway station is close to the river on the
west and three pipelines on the east, which will be relocated
later. The standard section, which is the focus of this paper, is
close to new high-rise residential buildings, with founda-
tions distributed to the north, and adjacent foundation pits
such as those of buildings 5, 6, and 7, where the residential
buildings were backfilled prior to the excavation of the
studied foundation pit. On the south side, near the Ever-
grande pit, the excavation depth is between 13 and 19.35 m.
During the excavation of the deep foundation pit in the
subway station, the second layer of Earth in the Evergrande
pit with a depth of 10 m at the bottom of the foundation pit is
completely excavated, but the second support has not been
erected yet. The surrounding environment of the deep
foundation pit in the subway station is illustrated in
Figures 2-4. Since the standard section of the foundation pit
in the subway station is excavated at the same time as the
Evergrande foundation pit, and the north side is close to the
high-rise buildings, monitoring and analysis of this section is
of vital importance.
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TaBLE 1: The physical and mechanical parameters of the excavated stratum in the standard section of the foundation pit.
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FIGURE 2: A schematic diagram of the 22-25 axes of the standard section of the foundation pit in the subway station.

F1GURE 3: The high-rise buildings on the north side of the standard
section of the foundation pit in the subway station.

2.4. Pit Monitoring and Layout of Measurement Points.
The main items monitored in this work include (1) the
horizontal displacement of the enclosure wall, (2) the
horizontal displacement of the soil, (3) the settlement of
the surrounding buildings, (4) the settlement of the ground
surface, and (5) the settlement of the columns. For the deep
foundation pit in the subway station located between the
under-construction foundation pit and the high-rise resi-
dential buildings, because the 22-25 axes of its standard
section are closer to the Evergrande foundation pit on the
south side and to the high-rise buildings on the north side
than other axes, and the backfill of the high-rise buildings

Fi1GUre 4: The Evergrande foundation pit located near the south
side of the standard section of the foundation pit in the subway
station.

has a certain time effect, which is most representative of such
conditions, this paper chooses to analyze the monitored data
on the 22-25 axes of the standard section of the deep
foundation pit. The measurement points and cumulative
deformation alarm values of each item are tabulated in
Table 2, and the arrangement of the measurement points is
depicted in Figure 5; the excavation conditions are also
presented in Table 3.

In Table 2, the four measurement points of tall buildings
are 54.4m, 44.2m, 34.7m, and 43.9m from the north
retaining wall in sequence. The three measurement points of
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TaBLE 2: The measurement points of each parameter and the cumulative deformation alarm values.
Parameter Location Horizontal displacement of Horizontal Building Land Column
the retaining wall displacement of soil settlement subsidence subsidence
XY36 TST27
XY37 TST28 JGC-1 CJ38-1
North side XY38 TST29 JGC-2 LZ12
XY39 TST30 JGC-3  CJ38-2
. . XY40 TST31 JGC-4 CJ38-3
Measurement point layout interval XY15 L713
XY16
South side XY17 TST10 — CJ17-1
XY18 1714
XY19
Accumulated deformation warning value (mm) 42 42 20 25 20
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FIGURE 5: The layout of the measurement points of the 22-25 axes of the standard section of the foundation pit in the subway station.

the ground settlement on the north side are 2, 6, and 11 m
from the north retaining wall in sequence. The distance
between the measurement points of the ground settlement
on the south side and the retaining wall of the foundation pit
is 2 m. The horizontal displacement of the retaining wall can
be analyzed by means of measurement points XY37, XY38,
and XY39 on the north side and measurement points XY16,
XY17, and XY18 on the south side.

3. Deformation Properties of Foundation Pit

3.1. Comparative Analysis of Horizontal Displacement of
Southern and Northern Retaining Walls. Figures 6 and 7

delineate the monitored data on the gauging slope points of
the northern and southern retaining walls under different
excavation conditions, respectively. The displacement of the
enclosure wall into the foundation pit is positive and oth-
erwise it is negative, with H,, representing the maximum
excavation depth and oy, indicating the maximum hori-
zontal displacement of the retaining wall.

As shown in Figures 6 and 7, with the excavation of the
foundation pit, the retaining wall is displaced horizontally to
the foundation pit on the north and south sides; the deeper
the excavation is, the larger the displacement of the wall
becomes; further, the displacement curve of the retaining
wall shows a larger variation in the middle but a small
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TaBLE 3: Excavation conditions and time nodes at all levels.

Conditions Depth of excavation (m) Date Note
1 6 2017/07/17
2 9 2017/07/30 The excavation of the standard section is carried out from the east and west ends
3 16 2017/10/05 of the standard section to the direction of the 22-25 axes.
4 18 2017/11/05
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FiGgure 6: Continued.
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FIGURE 6: The relationship between the horizontal displacement of the retaining wall on the north side of the foundation pit and the
excavation depth of the foundation pit. (a) Inclination point XY37; (b) inclination point XY38; and (c) inclination point XY39.

change at both ends, which is a typical “expansion” line type;
the change trend of each level curve on the north side is in
good agreement, and the south side is worse. The depths
corresponding to the maximum horizontal displacement of
the retaining wall measured by the measurement points on
the north side of the foundation pit are all around 17 m,
while those measured by measurement points XY16, XY17,
and XY18 on the south side of the foundation pit are 18, 15.5,
and 16.5 m, respectively, which indicates that the accumu-
lated maximum horizontal displacement of the retaining
wall measured by the south measurement points does not
obviously correspond to a unique depth. Therefore, the
deformation of the northern and southern retaining walls,
which are, respectively, under overloading and unloading
conditions, is not symmetrical, and the maximum horizontal
displacement of them happens at different depths.

For the first-level foundation pit, the current Zhejiang
standard [12] stipulates that the deformation value of the
supporting structure and the control value are 0.2-0.5% of
H,,; the lower range is used under complex environmental
conditions; for the foundation pit in the subway station, the
control value can be 0.3% of H,,. The deformation of the
retaining walls on the north and south sides is depicted in
Figure 8. It is obvious that the maximum displacement of the

northern retaining wall is significantly larger than that of the
southern retaining wall, and both displacement values
largely differ from the control value of an ordinary foun-
dation pit.

Ding et al. [13] analyzed 37 examples of deep foun-
dation pits in soft soil in Zhejiang province and discov-
ered that the maximum horizontal displacement was
linearly related to the excavation depth of the pits. The
maximum horizontal displacement of the retaining wall of
the foundation pit in this work varies with the excavation
depth as shown in Figure 9. It can be seen that the var-
iation in the maximum horizontal displacement of the
retaining wall at the first three levels of excavation ba-
sically conforms to a linear relationship, but it signifi-
cantly increases at the last level of excavation. As shown in
Figure 6, when the excavation depth is 16 and 18 m, the
cumulative horizontal displacement of the retaining wall
on the north side in a depth of 10-20 m generally exceeds
the warning value of 42 mm, while that of the retaining
wall on the south side of the foundation pit is lower than
the warning value.

The reasons for the difference between the horizontal
displacement of the retaining walls on the north and south
sides and the contrast between the deformation of the
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FIGURE 7: The relationship between the horizontal displacement of the retaining wall on the south side of the foundation pit and the
excavation depth of the foundation pit. (a) Inclination point XY16; (b) inclination point XY17; and (c) inclination point XY18.
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studied foundation pit and that of a normal soft clay
foundation pit are as follows:

(i) Under the conditions of overloading and

depth corresponding to the maximum horizontal
displacement of the retaining walls to be different.
Moreover, the maximum horizontal displacement

unloading on the sides of the foundation pit, there
is a difference in the magnitude of the active soil
pressure on the northern and southern retaining
walls and in the excavation depth corresponding to
the calculated combined force; also, the backfill of
the high-rise buildings on the north side has a
certain time effect which causes the deformation of
the northern and southern retaining walls and the

of the retaining walls obviously differs from the
control value of an ordinary foundation pit.

(ii) The support settings in the excavated foundation

pit on the south side are interlaced with the
support settings in the present foundation pit, and
there is a difference in the longitudinal distance
between the two pit supports at the location of a
certain area where measurement points XY16,
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XY17, and XY18 are located, which results in the
different depths corresponding to the maximum
horizontal displacement of the retaining wall on
the south side.

(iii) During the fourth-level excavation process, the
construction party did not arrange the construc-
tion schedule reasonably, and the exposure time of
the foundation pit was too long, which intensified
the time-space effect of the foundation pit.
Therefore, an obvious turning point appears in the
broken line in Figure 9.

(iv) In order to better deal with such problems, it is
necessary to fully understand and evaluate the
surrounding environment and to make adjust-
ments in design and construction.

(v) For the high-rise residential buildings on the
north side of the foundation pit, the overall
stiffness of the fourth double-piece steel support
should be raised in the foundation pit in the
subway station.

(vi) The schedule of the construction of the foundation
pit in the subway station should be fully coordi-
nated with the construction schedule of the
Evergrande foundation pit being excavated on the
south side of the pit, and the excavation schedule
should be better arranged to reduce the exposure
time of the foundation pit and to reduce the
time-space effect of the foundation pit.

(vii) It is recommended that on the side of the Ever-
grande pit close to the foundation pit in the subway
station, the overall stiffness of the second and third
supports should be strengthened and that the
originally planned local area concrete slab struc-
ture should be changed to a full-area concrete slab
structure in order to provide adequate force ca-
pacity and good overall stiffness during the ex-
cavation of the foundation pit.

(viii) The bottom of the foundation pit is located in the
silty clayey clay and silt layer (®, in Figure 1), which
is slightly impermeable and weakly water-rich, so
drainage work should be done to reduce water and
soil pressure during the excavation process.

3.2. Comparative and Predictive Analyses of Surface
Settlement

3.2.1. Comparative Analysis of Surface Settlement.
Figure 10 shows the variation in the monitored data on the
surface settlement with the depth of the excavation of the
foundation pit. In this figure, the surface settlement is
negative, and the uplift is positive; o, represents the
maximum surface settlement.

According to this figure, there is a major difference in the
surface settlement on the north and south sides of the foun-
dation pits. Comparing CJ38-1 with CJ17-1 with the same
distance of 2m from the retaining wall of the foundation pit
reveals that the settlement on the north side is much larger than

vm
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FiGure 10: The variation in the surface settlement with the ex-
cavation depth of the foundation pit.

that on the south side of the foundation pit and that there is an
uplift at CJ17-1 in the later stage of excavation. The ground
subsidence at CJ38-1 exceeds the alarm value. In addition, the
ground subsidence measured at CJ38-2 and CJ38-3 on the
north side of the foundation pit exceeds the warning value
under all the conditions, and the surface subsidence at the three
measurement points increases significantly at the last level of
the excavation of the foundation pit.

Firstly, overloading and unloading of the adjacent pit
wall are the main cause of the difference between the ground
settlement on the north and south sides of the foundation
pit. Secondly, during the excavation of the foundation pit,
there was a large accumulation of steel nearby and the
continuous rolling of large engineering vehicles as shown in
Figure 3. Finally, the final level of the excavation left the
foundation pit was exposed to the air for too long. Therefore,
during the construction process, the site needs to be strictly
controlled in order to prevent temporary stacking as well as
cyclic loading from having a marked influence on the
ground settlement.

3.2.2. Comparative Analysis of Surface Settlement and Pre-
dicted Data. Ding et al. [13], Yu et al. [14], and Hsieh et al.
[15], after studying the deformation of numerous deep
foundation pits in soft soil, concluded that the maximum
surface settlement occurs at H,, behind the retaining wall.
For the north side of the foundation pit, the farther the
distance from the edge of the pit is, the greater the ground
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settlement becomes. Furthermore, there is no parabolic
settlement curve as suggested by Ding et al. [16] and
V-shaped settlement curve as reported by Hsieh et al. [15]
chiefly because there are few settlement monitoring points;
thus, further prediction and analysis should be conducted.
However, there is only one settlement measurement point
on the south surface, and the ground settlement is not
obvious; hence, the predicted value of the ground settlement
on this side is not discussed.

Hsieh et al. [15] analyzed the deformation characteristics
of the soil outside the foundation pit and obtained the
prediction curve of the surface settlement of an ordinary
foundation pit; they validated the prediction curve by the
measured data on the soft clay foundation pit. The verifi-
cation revealed that the prediction curve of the surface
settlement is in good agreement with the measured data; the
surface settlement is defined as

( X
6vm<— + 0.5), 0<x<0.5H,
H

—-0.6x
; 8V“‘<T+ 1.3), 0.5H <x<2H, (1)

—-0.05x
(Svm( +o.2), 2H < x <4H,
( H

where x is the distance from the surface settlement point to
the foundation pit wall, §(x) represents the amount of the
surface settlement, and H stands for the depth of the ex-
cavation of the foundation pit.

Figure 11 compares the prediction of the surface settlement
on the north side of the foundation pit with the measured data.
It is worth noting that the settlement measured at CJ38-3 at a
distance of 11 m from the foundation pit wall is below the
predicted line under the conditions of the four-stage excava-
tion; also, when the depth of the excavation reaches 18 m, the
surface settlement exceeds 25% of the predicted maximum
value. Since there are few measuring points on the north side of
the foundation pit, the position of the maximum surface
settlement cannot be judged from the measured data alone.
However, it can be inferred from the trend of the prediction
curve that, regardless of the position of the maximum surface
settlement on the north side of the foundation pit in the range
of 0to 0.5H,, or beyond 0.5H,,,, measurement point CJ38-3 at
a distance of 11 m from the foundation pit wall is not the
corresponding position of the maximum surface settlement.
Therefore, the authors suggest that the ground surface of the
foundation pit adjacent to the high-rise residential buildings or
under other loading conditions can expand the measurement
range; for the foundation pit in this work, the measurement
range can be expanded to 2H,,,.

3.3. Comparative Analysis of Creep of Soil. The consolidation
and creep of soil are the main causes of the horizontal dis-
placement of the soil body and the continued increase in the
surface settlement during the gap period of the excavation of
the foundation pit. Through the finite element simulation of the
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effect of the excavation time of a soft clay deep foundation pit,
Ying et al. [17] reported that, during the excavation of the pit,
the excavation of the upper soil leads to the dissipation of the
superstatic negative pore pressure, which then results in the
continued horizontal displacement of the soil in the foundation
pit wall and the continued slight retraction of the surface soil.
Due to the insignificant dissipation of the superstatic negative
pore pressure in the foundation pit in this work and the short
gap period of the excavation of the foundation pit, the effect of
soil consolidation is ignored herein.

Accordingly, the incremental horizontal soil displace-
ment of the retaining wall of the foundation pit during the
gap period of the excavation of the studied foundation pit is
defined as the horizontal creep of the soil and the creep
caused by the surface settlement. The maximum rate of the
creep caused by the horizontal soil displacement («) and the
maximum rate of the creep caused by the surface settlement
(u) are expressed by

K
Il
~l >

(2)

<

H=?

where A and V are defined as the gap period of the ex-
cavation of the foundation pit at the maximum increment
in the horizontal displacement of the soil and at the
maximum increment in the settlement of the surface soil,
respectively; T'is the time interval of the gap period of the
excavation of the foundation pit. Due to the shallow
excavation depth of 6 m, the creep effect is not remark-
able; thus, the soil creep at this depth is not discussed
herein.

3.3.1. Comparative Analysis of Horizontal Creep of Soil.
Figure 12 illustrates the distribution of the maximum rate of
the horizontal creep of the soil in the wall of the foundation
pit with the depth of the excavation. As can be seen in this
figure, the maximum rate of the creep of the soil in the wall
of the foundation pit is significantly higher on the north side
than on the south side; further, the higher the depth of the
excavation is, the more remarkable the difference between
the two sides becomes. For the excavation of ordinary
foundation pits, the maximum rate of the horizontal creep
summarized by Ou et al. [18] and Ying et al. [19] ranges from
0.1 to 0.6 mm/day and from 0.15 to 0.76 mm/day, respec-
tively. For the foundation pit in this work that is overloaded
on one side and unloaded on the other side, the maximum
rate of the creep of the soil on the north side of the foun-
dation pit is between 0.06 and 1.68 mm/day, and that on the
south side of the foundation pit is between 0 and 0.2 mm/
day. Therefore, the maximum rate of the creep of the soil on
the north side of the foundation pit under the overloading
conditions is slightly larger than that of the soil of the or-
dinary foundation pit, while the maximum rate of the creep
of the soil on the south side under the unloading conditions
is slightly lower than that of the soil of the ordinary
foundation pit.
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FIGURE 12: The variation in the maximum rate of the horizontal creep of the soil in the wall of the foundation pit with the depth of the
excavation.
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3.3.2. Comparative Analysis of Surface Settlement and Cor-
responding Creep. Figure 13 delineates the variation in the
maximum rate of the creep caused by the surface settlement
with the depth of the excavation. The maximum rate of the
creep caused by the surface settlement is significantly larger
on the north side than on the south side of the foundation
pit, and the higher the depth of the excavation is, the more
significant the difference between the two sides becomes.
For the excavation of ordinary pits, Ou et al. [18] and Ying
et al. [19] summarized the maximum rate of the creep
caused by the surface settlement in the range of 0.1 to
0.4mm/day and 0.1 to 0.6mm/day, respectively. The
maximum rate of the creep caused by the ground settle-
ment on the north side of the foundation pit is between 0.05
and 1.54mm/day, and that on the south side of the
foundation pit ranges from 0.16 to 0.64 mm/day. In fact, the
maximum rate of the creep caused by the ground settle-
ment on the north side of the foundation pit under the
overloading conditions is slightly larger than the maximum
rate of the creep of the ordinary foundation pit, while the
maximum rate of the creep caused by the ground settle-
ment on the south side of the foundation pit under the
unloading conditions is equivalent to it.

Thus, the difference between the rates of the creep of the
foundation pit on the north and south sides and the contrast
between the rate of the creep of the studied foundation pit
and that of the ordinary foundation pit are chiefly due to the
following two reasons:

(1) The north side of the foundation pit is adjacent to the
new high-rise residential buildings; that is, it is under
the overloading conditions, and the south side is
adjacent to the foundation pit being excavated; that
is, it is under the unloading conditions.

(2) There are often large construction vehicles contin-
uously moving on the north side of the foundation
pit, so the creep effect on this side will be aggravated
under the action of this cyclic load.

In this regard, in the process of the excavation of
foundation pits, especially for such “hard top and soft
bottom” soil layers, the shear strength of the soil is weak and
the compressibility of the soil is high. Hence, it is necessary
to strengthen the support rigidity, reduce the surface
overload, and weaken the action of the cyclic loads on the
adjacent surface. When the excavation is nearing comple-
tion, the cushion and bottom plate must be poured in time.

3.4. Comparison of Active Soil Pressure on Northern and
Southern Walls. In the actual conditions of the excavation of
the foundation pit, the active and passive soil pressure zones
are often switched, but the active soil pressure zone above
the bottom of the foundation pit is basically stable. Thus, this
paper focuses on the active soil pressure zone above the
bottom of the foundation pit and analyzes the influence of
overloading and unloading the perimeter of the foundation
pit on the horizontal displacement of the retaining wall of
the foundation pit from the viewpoint of the active soil
pressure on the foundation pit wall.
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In calculating the effect of overloading on the active soil
pressure, the Rankine Earth pressure theory can be used to
simplify the load of the high-rise residential buildings to a
local load adjacent to the foundation pit wall, as shown in
Figure 14 [20].

In Figure 14, assuming neither unloading nor over-
loading conditions, the shaded portion of area Sjpcpcg
represents the active soil pressure on the AB wall. In the near
overloading situation, shaded area Sypcpcdefy indicates the
active Earth pressure on the AB wall. Obviously, Sypcaedefs 1S
larger than Sapcaefy 50 the active soil pressure on the wall
near the overloaded side of the enclosure is higher; thus, the
horizontal displacement of the retaining wall of the foun-
dation pit in the subway station is larger than that of the
ordinary foundation pit.

The unloading conditions outside of the pit can be con-
sidered as negative overloading conditions [21], so the active
Earth pressure on the retaining wall of the foundation pit on
the south side is lower than that on the wall of the ordinary
foundation pit. As a result, the horizontal displacement of the
retaining wall of the foundation pit adjacent to the unloading
side of the enclosure is smaller than that of the ordinary
foundation pit, which results in a downward shift of the po-
sition of the combined Earth pressure. Therefore, the maxi-
mum horizontal displacement of the retaining wall of the
foundation pit adjacent to the unloading side of the enclosure
corresponds to a depth that is often lower than that of the
ordinary foundation pit. In addition, as presented in Figure 7,
the displacement at the bottom of the retaining wall on the
south side of the foundation pit is clearly biased toward the
outside of the foundation pit. The reason for the above phe-
nomenon is that the retaining wall of this foundation pit on the
south side is close to the excavation of the Evergrande pit; that
is, it is under the unloading conditions, which reduces the
active soil pressure on the wall of the foundation pit and causes
the bottom of the retaining wall to produce a large passive soil
pressure.

3.5. Analysis of Settlement of Surrounding Buildings and
Columns. Figure 15 illustrates the variation in the moni-
tored data with the depth of the excavation for the four
settlement measurement points in building 5, where the
settlement is negative. With the excavation of the foundation
pit, the settlement of the building increases, and the closer to
the building the location of the foundation pit is, the larger
the settlement of the building becomes. However, the dif-
ference in the settlement of the measurement points is not
crucial and does not exceed the warning value of 20 mm, so
the settlement has a small impact on the building. At the final
level of the excavation of the foundation pit, the increase in
the settlement of the building is accelerated for the same
reasons as in the above analysis.

Figure 16 delineates the monitored data at the mea-
surement point of the column settlement as a function of
time, where the column elevation is a positive value and the
column settlement is a negative value. With the continuous
excavation of the foundation pit, the measurement points of
the column settlement measure positive values, which
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FiGURE 13: The variation in the maximum rate of the creep caused by the surface settlement with the excavation depth of the foundation pit.
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FIGURE 14: A schematic diagram of the active Earth pressure near the overloaded side of the foundation pit [20].

indicates the continuous uplifting of the bottom of the
foundation pit; indeed, the deeper the foundation pit is, the
more pronounced the bulge of the foundation pit becomes.
Nevertheless, it does not exceed the warning value of 20 mm
of the column settlement, which is attributed to the existence
of a foundation pit being excavated on the south side of the

foundation pit in the subway station; its existence has an
unloading effect on the foundation pit in the subway station.
After November 5, 2017 (the excavation of the foundation
pit to a depth of 18 m), the uplift of the base was significantly
reduced because of the cushion and bottom plate laid at the
bottom of the foundation pit.
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4, Conclusions the subway station markedly differs from that of a
common foundation pit. Since the north side of the
foundation pit in the subway station is adjacent to the
new high-rise residential buildings (under over-

The conclusions that follow from the findings of this work
are summarized below:

(i) The horizontal displacement and surface settlement of loading conditions), the south side of the foundation
the retaining walls of the foundation pit on the north pit is adjacent to the Evergrande foundation pit being
and south sides of the pit are not symmetrical and excavated (under unloading conditions), and the

uniform, so the deformation of the foundation pit in backfill of the high-rise buildings on the north side of



Mathematical Problems in Engineering

the foundation pit has a certain time effect, the de-
formation of the overloaded side is more remarkable
than that of the unloaded side and generally exceeds
the warning value; the deformation of the common
foundation pit is between the deformation of the
overloaded side and that of the unloaded side.
Therefore, it is important to strengthen the support
stiffness, reduce and control the additional overload,
and rationalize the construction schedule. In addition,
expanding the scope of the surface settlement mon-
itoring on the overloading side is recommended.

(ii) For both the horizontal creep of the foundation pit
wall and the creep caused by the surface settlement of
the foundation pit wall, the maximum rate of the
creep is larger on the overloading side than on the
unloading side, while the maximum rate of the creep
of the ordinary foundation pit is generally between the
two. The study found that, in addition to the load of
the high-rise buildings on the north side, the load of
the vehicle movement exacerbates the creep effect.

(iii) According to the Rankine earth pressure theory, the
active earth pressure on the pit wall is higher on
the overloading side of the foundation pit than on the
unloading side, and the depth of the calculated syn-
ergistic effect on the unloading side will be shifted
downward. Also, the displacement at the bottom of
the retaining wall adjacent to the south side of the pit
is deviated to the outside of the foundation pit, which
is caused by the passive earth pressure at the bottom of
the retaining wall of the foundation pit.

(iv) The settlement of the high-rise buildings on the
north side of this foundation pit and the settlement
of the columns are within the range of the alarm
value, and the settlement of the high-rise buildings
is uniform. Therefore, the excavation of the foun-
dation pit in the station of the Hangzhou subway
has a negligible impact on the settlement of the
high-rise residential buildings. Furthermore, the
existence of the Evergrande foundation pit being
excavated on the south side of this foundation pit
has a certain unloading effect, which causes the
column elevation not to be noticeable.
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