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Excavation beneath existing buildings may cause the superstructure to tilt and crack, which seriously aﬀects the normal use of the
superstructure. Due to the new working conditions of excavation beneath existing buildings, related case reports are rare and
limited. In the case of No. 3 section basement construction project of Ganshuixiang, we monitored the excavation construction by
burying test instruments at the designated location. Afterwards, Plaxis 3D ﬁnite element software was used to establish an
underpinning pile-cap-excavation model, which can analyze the inﬂuence of diﬀerent pile cutting sequences on the bearing
behavior of new basement structural pillars. By comparing the in situ measurement data with the ﬁnite element model, it can be
concluded that when the excavation depth rises, the axial force of the underpinning pile gradually increases, and the pile skin
friction is slowly exerted from top to bottom. Diﬀerent cutting sequences will inﬂuence the bearing behavior of the structural
pillar. Moreover, the pile cutting process also signiﬁcantly impacts its bearing behavior and the settlement behavior of the
superstructure. Compared with the clockwise pile cutting sequence, the symmetrical pile cutting is more advantageous. In the
whole process of the storey adding and reconstruction, the superstructure settlement is related to the working condition of digging
and adding layers. In the stage from soil excavation to the concrete curing period of the structural pillar, it increases slowly with
time and tends to be stable in the concrete curing period. However, in the pile cutting stage, the superstructure settlement
increases sharply, and after pile cutting, it becomes stable.

1. Introduction
With the booming economy and urbanization, the size of cities
continues to expand. In this process, some “urban diseases”
begin to emerge, such as traﬃc jams and parking issues. The
development of cities is limited by land resources, but high-rise
development will only increase the density of buildings and
reduce their ability to resist catastrophes. It makes urban
development enter a vicious circle. However, the rational
development of underground space ﬁnds a solution to the
above problems. Under this background, underground projects such as underground parking lots and subways are being
developed. As these underground projects all require a large
amount of soil excavation, they inevitably change the original

stress ﬁeld there. Adverse consequences are caused, including
cracking and diﬀerential settlement of surrounding buildings.
To this end, Chinese and foreign researchers have
conducted in-depth research on this issue. For example,
Sung et al. [1] made an analysis of the impact of subway
tunnel excavation on various adjacent foundation buildings
based on 2D and 3D ﬁnite element models. Zhang et al. [2, 3]
and Liu et al. [4] studied its inﬂuence on the pile foundation.
Zheng et al. [5] analyzed the inﬂuencing factors, including
spacing, pile foundation stiﬀness, pile top load, and pile end
constraint, based on the measured data using ﬁnite element
software. Similarly, Wang et al. [6] proposed a calculation
method for additional deformation of adjacent buildings
induced by the excavation of foundation pits.
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The above researchers have investigated the inﬂuence of
soil excavation on surrounding architectures. However, in
projects of excavation beneath existing buildings, constructors will excavate the soil layer under the existing
building. Thus, the excavation and unloading of the soil will
directly aﬀect the foundation pile’s bearing properties.
Currently, some Chinese experts have investigated this
problem. Gong et al. [7] and Wu et al. [8] explored the
inﬂuence of excavation on the skin friction and the end
friction of the existing pile, based on the underground garage
expansion project in the Zhejiang Hotel. Moreover, Wu et al.
[9] introduced a hyperbolic load transfer model to investigate the excavation’s eﬀect on the bearing properties of the
existing single pile with the load transfer method. Later,
Shan et al. [10] considered the complex pile-pile and pile-soil
interactions between group foundation piles and used this
method to study its eﬀect on the pile top settlement performance of group foundation piles. In those projects based
on soft soil areas in Hangzhou, a softening phenomenon
might be triggered by the skin friction of the pile with the rise
of excavation depth [11]. Therefore, Shan et al. [12] used the
load transfer method to analyze the impact of the underground garage project in the Zhejiang Hotel on the pile top
settlement behavior of the existing pile. They introduced the
softening model of skin friction. In projects of excavation
beneath existing buildings, the soil excavation will increase
the free length of the foundation pile. It may cause buckling
instability there and lead to catastrophic consequences. To
this end, Shan et al. [13, 14] studied the calculation method
and inﬂuencing factors of the critical load for the buckling
and stability of foundation piles.
In summary, researchers have carried out plenty of
theoretical studies on this topic. Due to the new working
conditions of excavation beneath existing buildings, that is,
the narrow construction surface and suﬃcient special
construction machinery, the related case reports are rare and
limited [15–17]. In the case of No. 3 section basement
construction project of Ganshuixiang, we monitored the
excavation construction by burying test instruments in situ.
Then, the inﬂuences of soil excavation on the bearing behavior of the underpinning pile, diﬀerent pile cutting sequences on the structural pillar’s bearing behavior, and the
excavation process on the settlement behavior of the superstructure were analyzed using the in situ measurement
data. As the superstructure of the project has two ﬂoors and
one ﬂoor locally, and the surrounding buildings are relatively dense, this study only considers the inﬂuence of dead
load, such as the dead weight of the superstructure. The
inﬂuence of wind load and seismic load is not discussed [18].
Afterwards, a 3D solid model of 7C cap-underpinning pileexcavation was established through Plaxis 3D ﬁnite element
software, which can simulate the inﬂuence of diﬀerent pile
cutting sequences on the structural pillar’s bearing properties. It provides guidance for related projects.

2. Project Overview
No. 3 section basement construction project of Ganshuixiang is
located in Ganshuixiang, Zhakou Street, Shangcheng District,
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Hangzhou, Zhejiang Province. It is adjacent to the White
Pagoda Park Scenic Area. There are no high-rise buildings
around the project. The north and south of this project are No.
2 section and No. 5 section of Ganshuixiang, respectively. The
east is No. 4 section under construction, and the west is Cherry
Hill. The speciﬁc layout is shown in Figure 1.
No. 3 section of Ganshuixiang has a two-storey frame
structure (partially one-storey), no basement. Its total
building height is 8.01 m. As the load of the superstructure is
small, an independent foundation under the pillar with a
buried depth of 1.80 m is adopted. According to the survey
report [19], No. 3 section basement construction project of
Ganshuixiang is located in an area typical of soft soil. Its
physical and mechanical properties are tabulated in Table 1,
where cs is the soil unit weight, c is the cohesion, φ is the
angle of internal friction, Es is the compression modulus, and
μ is Poisson’s ratio.
No. 3 section of Ganshuixiang was completed in 2014.
Soon, the owner discovered that the building had a problem of
insuﬃcient usable area. Therefore, it was decided to excavate a
basement beneath the existing building. After completion,
about 1700 m2 of the usable area was added. No. 3 section
basement construction project of Ganshuixiang started in
November 2014, and the main structure construction of the
basement was completed in August of the following year.

3. Profile of Excavation beneath
Existing Buildings
At present, case reports of similar excavation projects are
rare and limited [15–17]. Therefore, this section introduces
the construction procedure of the project against the
background of No. 3 section basement construction project
of Ganshuixiang [20].
The construction process of the project is shown in
Figure 2:
The speciﬁc construction technology is as follows.
(1) As the high pressure jet grouting pile can not only be
used as the waterproof curtain but also can play the
role of retaining soil. Hence, before soil excavation,
diﬀerent forms of jet grouting piles should be constructed around No. 3 section, as shown in Figure 3.
At the same time, steel pipes with a 48 mm diameter
and a 3 mm wall thickness were arranged in an
equilateral triangle in the high pressure jet grouting
pile. They can improve their bending strength.
(2) Generally speaking, in the foundation pit engineering, the precipitation depth should be greater
than the excavation depth of soil [21]. This project
requires the precipitation depth to be at least 0.50 m
below the excavation face. Therefore, 23 wells with a
0.60 m diameter and a 7.0 m depth were arranged
inside and around No. 3 section for precipitation,
including 9 precipitation wells (D1) inside the pit
and 14 precipitation wells outside the pits (D2).
(3) The excavation depth of the ﬁrst soil layer was
1.80 m, that is, the buried depth of the independent
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Figure 1: Overall arrangement of No. 3 section basement construction project of Ganshuixiang (unit: m). Note: 1–5 represent Nos. 1–5
sections of Ganshuixiang.

Table 1: Physical and mechanical nature of soils.
Layer no.
①-0
①-1
②
③
④
⑩-1
⑩-2
⑩-3

Name
Miscellaneous ﬁll
Silty clay
Clay silt
Sludge
Gravelly silty clay
Fully weathered sandstone
Highly weathered sandstone
Moderately weathered sandstone

cs (kN/m3)
—
18.7
18.55
16.15
19.00
19.77

c (kPa)
—
8.9
12.1
8.5
40.00

φ (°)
—
3.6
27.4
2.9
13.80

—

—

—

Es (MPa)
—
3.5
10.5
2.5
6.0
15
25.0
>50

High pressure jet grouting pile

Precipitation

Excavating the first soil layer

Foundation underpinning

Excavating the second soil layer

Excavating the third soil layer

Foundation slab and pillar

Cutting pile

Figure 2: Construction ﬂowchart of No. 3 section basement construction project of Ganshuixiang.

μ
—
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0.25
0.25

4

Advances in Civil Engineering
D2

D2

D2

S22 S21

S24

S25

D1

D1

D2

D1

S18

S19

High pressure
jet grouting
pile

S23

S22

S20
D2

D2

S17

Tractor
road

S13

S12

S16

S14

S15

7D
D2

S11

D1
New structural pillar

D1
S10

13D

D1
7C

S9

D2

S8

Underpinning
pile
S5
D2

S6
D1

S4

D2

D1

D1

S3

D2

S7

S1
D2
S2

D2

D2

Figure 3: Plan of piles and monitoring points in No. 3 section basement construction project of Ganshuixiang. Note: (1) In the construction
process, we monitored the piles and pillars at the caps of 7C, 7D, and 13D. (2) D1 and D2 are the dewatering well points. (3) S1–S25 are the
subsidence monitoring points.

foundation. In soil excavation, it is advisable to use
block segmentation excavation. The altitude diﬀerence of the excavation face should be controlled
within 1.50 m, and the slope should not be greater
than 1 : 1.5. Afterwards, the ﬁrst layer of soil nailing
wall was constructed, as shown in Figure 4.
(4) The superstructure ﬂoor height of this project restricts the foundation underpinning equipment.
Therefore, the foundation underpinning in this paper used a small drill to drill the hole to the designated elevation. Then, the steel pipe pile with a
250 mm outer diameter and an 8 mm wall thickness
was placed down to the bearing stratum (⑩-2), as
shown in Figure 5. In order to improve the compressive strength of the steel pipe pile, this project
poured ﬁne aggregate concrete inside the steel pipe
pile, as shown in Figure 6. Finally, a ﬂoor slab was
poured to form a whole to bear the load of the
superstructure. Thus, the foundation underpinning
was completed, as shown in Figure 7.
(5) The second layer of soil was excavated at 3.0 m deep.
With the soil excavation around the pile, the soil
constraint beside the pile gradually decreased. Under
the axial load of the pile top, the foundation pile
might buckle and lose stability [13, 14]. Therefore,
when the excavation depth reached 3.0 m, steel
supports should be welded between the foundation
piles, as shown in Figures 8 and 9, to prevent
buckling instability of these piles. Afterwards, the
second layer of soil nailing wall was constructed.

(6) The third layer of soil was excavated at 4.42 m deep,
and the third layer of soil nailing wall was constructed. Afterwards, the basement cushion and
foundation slab were poured. Then, the original
independent foundation and foundation beam were
removed. The new basement structural pillar was
poured, with a section size of 0.45 × 0.45 m2, as
shown in Figures 9 and 10.
(7) As the structural pillar is the main vertical force
transfer component, if the strength fails to reach the
design value, cutting oﬀ the pile rashly will cause
catastrophic consequences in the superstructure,
such as tilt, cracking, and even collapse. Therefore,
this project strictly followed the speciﬁcation [22] for
the maintenance cycle of concrete components.
(8) In order to improve the utilization rate of the new
basement space, the underpinning pile should be
removed in this project. First, the steel supports
between the foundation piles should be removed.
Then, we cut oﬀ parts of the steel pipe pile at the top
and under the pile near the new basement foundation slab. The air pick was used to remove the ﬁne
aggregate concrete in the pipe, as shown in
Figure 11(a). Finally, the whole pile cutting process
was completed by pulling down the rope tied in the
middle of the steel pipe pile, as displayed in
Figure 11(b). Judging from the in situ pile cutting
situation, the ﬁne stone concrete at the pile top was
well condensed, while the concrete under the pile
was poorly condensed and was loose, as shown in
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Figure 4: Excavation the ﬁrst soil layer and construction underpinning pile (unit: m).

(a)

(b)

Figure 5: Predrill the steel pipe pile: (a) drill; (b) place down the pipe.

Figure 12. The reason may be related to the
groundwater level.
At this point, the main structure of No. 3 section
basement construction project of Ganshuixiang was completed, as shown in Figures 13 and 14.

4. Construction Monitoring
Due to the rare cases of similar excavation, the inﬂuences of
soil excavation on the bearing behaviors of the underpinning
pile and superstructure, and the inﬂuence of the pile cutting
process on the bearing capacity of the structural pillar, have
not been clariﬁed. Therefore, in No. 3 section basement

construction project of Ganshuixiang, the vibrating wire
rebar strain gauge was welded beside the steel pipe underpinning pile at 7C, 7D, and 13D caps and the middle
position of the new basement structural pillar, respectively.
They can monitor the inﬂuences of soil excavation on the
underpinning pile’s bearing properties and underpinning
pile cutting on the new structural pillar, as shown in Figure 15. Additionally, 25 settlement monitoring points
(S1∼S25) were set at the corresponding positions of the ﬁrst
ﬂoor slab, as shown in Figure 3. They were used to monitor
the inﬂuence of No. 3 section basement construction project
of Ganshuixiang on the settlement behavior of the superstructure. According to the technical standard for monitoring of the building excavation engineering, during the
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Figure 6: Underpinning pile after grouting.

Figure 7: Formwork for the ﬁrst ﬂoor.
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Figure 8: Excavating the second soil layer.
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Figure 9: The structural pillar of the new basement and the steel support between piles.
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Figure 10: Excavating the third soil layer and pouring new structural pillar.

basement storey adding and reconstruction, the frequency of
the superstructure settlement monitoring was once every
two days, except during the Spring Festival holiday. The axial
force of the underpinning pile was twice a day, once in the
morning and afternoon. During the pile cutting period, the
axial force of the underpinning pile and structural column
was continuously monitored.
Due to the space limitation, the 7C cap is used in this
paper as an instance to investigate the eﬀect of excavation on
the bearing behaviors of the underpinning pile and structural pillars. The layout of vibrating wire rebar strain gauges
is shown in Figure 8.
By measuring the frequency variation value of the vibrating wire rebar strain gauge welded on the outside of the
steel pile, the pile’s axial force value at the corresponding
depth can be converted as follows:

The axial force on the vibrating wire rebar strain gauge at
the cross section i is Psgi:
Psgi � KF20 − F2i ,

(1)

where K is the calibration coeﬃcient of the gauge; F0 is the
gauge’s initial frequency; Fi is the vibration frequency of
section i under a certain load.
According to the elastic mechanics [23], the gauge’s
strain at the cross section i is εsgi:
εsgi �

Psgi
Esg Asg 

,

(2)

where Asg and Esg are the sectional area and elastic modulus
of the vibrating wire rebar strain gauge.
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Figure 11: Cutting oﬀ the underpinning pile: (a) cutting oﬀ the pile; (b) pulling down the pile.

Loose concrete

Figure 12: Loose concrete at the pile lower part.
Figure 13: Main structure of the new basement.

In this paper, it is assumed that the deformation is
coordinated between the vibrating wire rebar strain gauge
and the steel pipe pile, that is,
εsgi � εi ,

(3)

where εi is the pile strain at the section of the underpinning
pile.
Then, the pile axial force at this section is Pi:
P i � Ep εi A p ,

where Ep and Ap are the elastic modulus and sectional area of
the pile.

(4)

5. Numerical Simulation
5.1. Soil Model. The in situ monitoring test of excavation
beneath existing buildings is not repeatable, and the numerical software such as ﬁnite element can well simulate
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Figure 15: Layouts of vibrating wire rebar strain gauges in underpinning piles and structural pillars at the cap of 7C: (a) layout of vibrating
wire rebar strain gauge in the pile; (b) layout of vibrating wire rebar strain gauges in the pillar.

various working conditions. Therefore, using Plaxis 3D
geotechnical engineering ﬁnite element software, this paper
established a 3D solid model of 7C cap-underpinning pileexcavation. It can analyze the inﬂuence of diﬀerent pile
cutting sequences on the bearing behavior of new basement
structural pillars in projects of excavation beneath existing
buildings.
Soil is neither an elastomer nor an ideal elastoplastic
body, but a complex elastoplastic body [24]. Burland [25]
pointed out that the soil has great stiﬀness under the condition of small strain, and with the increase of strain, the
stiﬀness presents a nonlinear decrease. Therefore, we use a
small strain hardening model to simulate the soil’s stressstrain relationship.

5.2. Model Parameter. There are many parameters in the
small strain hardening model. Zhang et al. [26] and Fang
et al. [27] studied the stress-related stiﬀness and recommended the relative stiﬀness of silt and clay as 0.8 and 1.0,
respectively.
According to the existing literature [28], the dilatancy
angle ψ of sand can be obtained by empirical formula (5),
and the dilatancy angle ψ of clay is 0.
ψ � j − 30.

(5)

G0ref and c0.7 are the reference shear modulus at the small
strain stage and the corresponding shear strain at
Gs � 0.70G0, respectively. The parameters G0ref and c0.7 can be
obtained by the following formulae, respectively:
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c0.7 �

1
2c(1 + cos(2)) + σ 1 1 + K0 sin(2),
9G0

(6)

m

G0 � Gref
0 

c cos − σ 1 sin
 ,
c cos + pref sin

(7)

where G0 is the small strain shear modulus; K0 is the static
Earth pressure coeﬃcient; K0 � 1 − sinφ; σ 1 is the main stress.
The strength parameters can be determined by experimental tests, and the stiﬀness coeﬃcient Eref
50 can be obtained
by inversion calculation. The remaining parameters can be
obtained by the stiﬀness coeﬃcient Eref
50 and similar engineering experience [26, 27, 29, 30], as presented in Table 2.
Based on the in situ measurement data, the load at the
top of the 7C cap is 672.59 kN. The concrete strength grade
of the original independent foundation of No. 3 section
basement construction project of Ganshuixiang is C25. The
concrete strength grade of the new basement structural
pillar, ﬂoor slab, roof, and cap is C35, whose strength coeﬃcient can be found in the speciﬁcation [22]. The steel pipe
pile’s elastic modulus is 206 × 109 kPa. In this numerical
simulation, we utilize the elastic model to analyze the stressstrain relationship of the concrete structure [31–33] and the
underpinning pile.
5.3. Modeling Process. Considering the boundary eﬀect and
calculation time, this model selected the cube with the
length, width, and height of 40 m, as shown in Figure 16.
Combined with the site construction situation, the following calculation steps are analyzed to simulate the whole
project:
(1) The initial stress ﬁeld of soil is applied.
(2) Activate superstructure loads and isolated foundations. Combined with the ﬁeld measured data, the
superstructure load of the 7C bearing platform is
672.59 kN.
(3) Excavate the ﬁrst layer of soil to 1.80 m below the
surface, that is, the embedded depth of independent
foundation.
(4) Activate the underpinning pile and pile cap to kill the
original shallow foundation.
(5) Dig under the soil layer. The excavation is performed
four times, with the ﬁrst three times at an excavation
depth of 0.60 m and the last at an excavation depth of
0.82 m. After that, the new basement ﬂoor and
structural column are activated.
(6) The underpinning piles are killed and the reconstruction project is completed.
This section mainly studies the inﬂuence of clockwise
pile cutting and buttress cutting pile on the bearing behavior
of new basement structural columns.

6. Discussion
This section will discuss the inﬂuence of excavation beneath
existing buildings on the bearing behaviors of the

underpinning pile and new basement structural pillars, and
its inﬂuence on the superstructure settlement behavior.
Simultaneously, the inﬂuence of diﬀerent pile cutting sequences on the bearing capacity of structural pillars is analyzed using the numerical model.
6.1. Bearing Behavior of Underpinning Piles. The excavation
beneath existing buildings will break the initial stress balance
between the pile and soil. In this project, the inﬂuence of
excavation depth on the pile axial force is monitored by
welding steel stress meters beside the steel pipe pile, as
shown in Figure 15. It is worth noting that the soil layer
1.80 m below the surface has been excavated before the
construction of this project. Therefore, the pile axial force
within this range remains unchanged and the skin friction is
zero.
Figure 17 shows that the underpinning pile’s axial force
increased with the rise of excavation depth. When the buried
depth rose, the pile skin friction began to take eﬀect and the
pile axial force reduced with the increase of buried depth.
When the excavation depth was 2.50 m, the pile axial forces
at 7C cap with buried depths of 2.35 m, 4.35 m, and 6.35 m
were 161.9 kN, 93.86 kN, and 25.13 kN, respectively. When it
developed into 4.42 m, the pile axial forces at diﬀerent buried
depths were 161.9 kN, 161.9 kN, and 113.3 kN. The resistance
on the pile end was zero in the whole process.
The underpinning pile’s skin friction can be obtained by
diﬀerentiating the distinction of the pile axial force between
two sections by the corresponding contact area. Therefore,
the pile skin friction obtained in the excavation process is the
average value, as illustrated in Figure 18. As is evident, the
skin friction of the pile was gradually exerted from top to
bottom. Soil excavation is an unloading process, which
makes the vertical eﬀective stress gradually decrease. Using
the β method [34], it is suggested that the pile skin friction in
the shallow layer gradually decreases. As the superstructure
load of this project remains unchanged, the pile skin friction
in the deep layer is gradually exerted.
6.2. Inﬂuence of Pile Cutting on the Bearing Behavior of
Structural Pillars. Structural pillars are an important vertical
bearing component. In order to improve the utilization rate
of the new basement space, the underpinning piles inside the
new basement should be cut oﬀ. In the pile cutting process,
the existing load transfer behavior is changed, and the load
of the superstructure is changed from underpinning piles to
new structural pillars. At present, similar basement excavation projects are rare and limited, and the inﬂuence of the
pile cutting process on the bearing behave of structural
pillars has not been reported. Therefore, based on No. 3
section basement construction project of Ganshuixiang, we
monitor the impact of the pile cutting process on the bearing
capacity of underpinning piles by welding steel stress meters
on the main reinforcement of new basement structural
pillars, as presented in Figure 19. As it suggests, when the
pile cutting number was enlarged, the axial force of the
structural pillar increased sharply. For example, when the
ﬁrst underpinning pile was removed, the axial force of the
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Table 2: Soil parameters in the numerical analysis.

Soil layer
Miscellaneous ﬁll
Clay silt
Fully weathered sandstone
Highly weathered sandstone
Moderately weathered sandstone

Eref
50 (kPa)

Eref
oed (kPa)

Eref
ur (kPa)

G0ref (kPa)

c0.7

4200
12600
18000
30000
60000

2800
8400
12000
20000
40000

10500
31500
45000
75000
150000

31500
94500
135000
225000
450000

0.0002
0.0002
0.0002
0.0002
0.0002

40

40 m

Left boundary
Z

m

X

Right boundary

Z
Y

Right boundary

Left boundary

40 m

Rear boundary

X

Y

Base boundary
X

Front boundary

(a)

(b)

(c)

Figure 16: Three-dimensional model diagram. (a) Grid graph, (b) plane ﬁgure, and (c) front view.
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Figure 17: Relationship between the excavation depth and axial force of the underpinning pile.

structural pillar increased from 14.67 kN to 90.15 kN. It
should be noted that when the underpinning pile ③ was
removed, the axial force increment of the structural pillar
reached the maximum. It may be caused by the sharp decrease in the stiﬀness of the underpinning pile system. The
reason for the above phenomenon should be related to the
compressive stiﬀness of the system, which is composed of
underpinning piles and new structural columns.

Diﬀerent pile cutting sequences may aﬀect the bearing
capacity of structural pillars. In this section, Plaxis 3D ﬁnite
element software was used to establish a 3D solid model of
7C cap-underpinning pile-excavation so as to analyze the
inﬂuence of diﬀerent pile cutting sequences on the bearing
behavior of structural pillars, as shown in Table 3. In the
table, Fc1∼Fc4 are the axial force ratios of the structural pillar
when the ﬁrst to fourth piles are removed. They represent the
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Figure 19: Inﬂuence of the pile cutting process on the structural
pillar’s axial force.
Table 3: Inﬂuence of diﬀerent pile cutting sequences on the
structural pillar’s axial force.
Clockwise pile cutting
Symmetrical pile cutting
In situ data

Fc1
0.186
0.186
0.134

Fc2
0.425
0.341
0.230

Fc3
0.675
0.683
0.659

Fc4
1.000
1.000
1.000

ratio between the axial force of the structural pillar when
diﬀerent numbers of underpinning piles are removed and
that when the four underpinning piles are removed.
Therefore, Fc4 � 1.000. As is evident, the axial force of the
structural pillar increased sharply with the increase of the
pile cutting number, and that diﬀerent pile cutting sequences
would have some impact on the axial force of the structural
pillar. For the clockwise pile cutting, the increment peak of
the structural pillar’s axial force was reached when the fourth

underpinning pile was removed. For the symmetrical pile
cutting, after the third pile was removed, the increment peak
was reached, with a value of 0.342. Later, when the fourth
pile was removed, the increment dropped slightly to 0.317. It
can be seen that diﬀerent cutting pile sequences have a
certain inﬂuence on the axial force of new basement
structure pillars, and the in situ measured value is close to
the result of symmetrical pile cutting sequences. The reason
for the above phenomenon may be related to the symmetry
of the remaining stiﬀness after pile cutting. Compared with
the symmetrical pile cutting, the clockwise pile cutting is
more likely to cause uneven stiﬀness. That is, after pile
cutting is completed, the system of remaining underpinning
piles and structural columns will be asymmetrical in stiﬀness
on both sides. Compared with the clockwise pile cutting
sequence, the symmetrical pile cutting is more beneﬁcial to
the bearing behavior of the new structural column.
6.3. Inﬂuence of Excavation on the Settlement Behavior of the
Superstructure. Soil excavation will break the existing
equilibrium state and result in additional settlement. For
projects of excavation beneath existing buildings, when the
settlement amount or diﬀerential settlement amount is too
large, it will have a certain impact on the safety of the superstructure. Therefore, the settlement or diﬀerential settlement of the superstructure is an important factor in
excavation projects. In this project, 25 settlement monitoring points (S1∼S25) were set on the ﬁrst ﬂoor to monitor
the entire construction process, as shown in Figure 20. In the
ﬁgure, E is soil excavation, CT stands for pouring and curing
the concrete ﬂoor, CA stands for chiseling away the existing
cap and foundation beam, P means pouring concrete for
structural pillars, PC represents the concrete curing period
of the structural pillar, and CP is the pile cutting process.
Generally speaking, the settlement monitoring frequency of this project was once every 2 days (except for the
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Figure 20: Observed proﬁle of in situ settlement.

Spring Festival holiday). It can be seen from the ﬁgure that
the superstructure of this project had a small settlement, and
the maximum settlement was 6.1 mm (S8 monitoring point).
This conforms to the allowable value of building deformation required by the speciﬁcation [34], indicating that the
foundation underpinning structure of this project is reasonable and feasible. In the phase between excavation (E)
and pouring concrete for structural pillars (P), the building
settlement amount gradually increased over time. The reason may be that the excavation and unloading of the soil
have changed the original stress ﬁeld, and the construction
procedures from pouring and curing the concrete ﬂoor (CT)
to pouring concrete for structural pillars (P) cause a large
disturbance to the soil. Thus, the soil is reshaped, and it
develops secondary consolidation deformation. In the
concrete curing period of the structural pillar (PC), the
settlement amount of the building basically remained unchanged. In the pile cutting stage (CP), the settlement of the
monitoring point increased by 1–2.3 mm. It is due to the
change in the superstructure load transfer mechanism. After
the completion of pile cutting, the settlement of the monitoring point decreased to diﬀerent degrees, which may be
related to the redistribution of the superstructure load.

7. Conclusions
Based on No. 3 section basement construction project of
Ganshuixiang, this paper monitored the basement reconstruction process. Moreover, we used Plaxis 3D ﬁnite element software to explore the inﬂuence of diﬀerent pile
cutting sequences on the bearing behavior of structural
pillars. Some conclusions can be drawn as follows:
(1) In No. 3 section basement construction project of
Ganshuixiang, the axial force of the underpinning
pile increased with the rise of excavation depth and

decreased with the expansion of buried depth. The
skin friction of underpinning piles was gradually
exerted from top to bottom. The resistance on the
pile end was always zero in the whole reconstruction
process.
(2) The settlement of the superstructure increased over
time. However, in the pile cutting process, the settlement of the building increased sharply. After the
completion of pile cutting, the settlement gradually
converged. In the storey adding and reconstruction,
the superstructure settlement was related to the
working condition of digging and adding layers. In
the stage of E-PC, the settlement of the superstructure increased slowly with time and tended to be
stable at PC. However, in the CP stage, the superstructure settlement increased sharply. After pile
cutting, it became stable.
(3) The structural pillar’s axial force increased signiﬁcantly
with the increasing pile cutting number. Especially
when the underpinning pile ③ was removed, the
structural pillar’s axial force increment achieved the
maximum value. The structural pillar’s axial force was
aﬀected by diﬀerent pile cutting sequences. Compared
with the clockwise pile cutting sequence, the symmetrical pile cutting was more advantageous.
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