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Deviation correction of building is a big challenge for engineers. Without powerful technique for deviation, no special guidance
can be followed to conduct the deviation rectiﬁcation of buildings, which brings numerous failure cases. In this study, a case study
was performed to provide insight into the behavior of a special technique for deviation rectiﬁcation of building near excavation.
The new technique was introduced ﬁrstly, and then, the ﬁeld test data, in terms of lateral displacement of wall of pit, water level
deviation, and soil deformation around pile of the building, were addressed to show the performance of the function of each
process and the mechanism of it. The results show that this new technique for the deviation rectiﬁcation of building works very
well to uplift the whole building to reach the destination position (maximum uplift � 9.71 cm) and meets the requirement of design
demand, without negative eﬀect on the adjacent excavation reported.

1. Introduction
Excavated foundation pits are often close to buildings in
urban areas, which make a big challenge for engineers to
make the safety of surrounding buildings. The deformation
of support structure and surrounding ground subsidence is
directly due to dewatering of the foundation pit and then
leads to diﬀerential settlements of the surrounding buildings. Li et al. [1] found that the maximum settlement around
a foundation pit can be 30 mm in their studies. Moreover,
the eﬀective stress in soil increases by the lowering
groundwater level for well-point dewatering around foundation pit, and the new settlement of surrounding buildings
is caused. Numerous cases of buildings on soft foundation
with large deformation of buildings were reported. Therefore, the diﬀerential settlements of building needed to be
rectiﬁed. However, the rectiﬁcation of buildings is a hard
task because the plastic deformation of the building foundations is very diﬃcult to recover.

At present, the study of rectifying building deviation
mainly includes ﬁeld tests and numerical simulations.
Grouting technique has been widely used to uplift structures,
which include grouting ﬂuids into organic grouting ﬂuids
and inorganic grouting ﬂuids (Miao et al. [2]). Some previous works have been conducted to utilize the uplift
technique through three methods, including grouting, steel
pipe pile traction, and Earth hollowing, to rectify the deviation of residential buildings and ancient temple (Jia et al.
[3], Zhou et al. [4], Yin et al. [5], and Yin et al. [6]), with very
eﬀective performance obtained for these three methods.
Grouting uplift has been proven that it cannot only be used
in building deviation rectiﬁcation but also can be applied in
reducing diﬀerential settlements of railway subgrades and
metro tunnel and uplifting of a subway foundation ﬁndings
(Bian et al. [7], Zheng et al. [8], and Zhou et al. [9]). Numerical simulations were employed to explore the soil
movement mechanisms in the deviation correction process,
hence access the performance of the deviation technique.
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Yin et al. [10] and Wang et al. [11] used the ﬁnite element
simulation software to simulate the whole process of
building deviation rectiﬁcation, and they found that the FE
method was eﬀective, and the simulation results were relatively close to the measured results.
In this study, a case study of a special building deviation
technique is conducted through ﬁeld test monitoring, including groundwater level, horizontal displacement of adjacent soil and support structure, vertical soil displacement,
and building relative tilt rate, to access the performance and
mechanism of this new technique. It is found that this new
technique has a signiﬁcant eﬀect on the deviation of
buildings.

2. Site Condition
2.1. Project Proﬁles. This project is located in Guangzhou,
south of China. The photo of this project is shown in Figure 1, which shows that the building is located in the southeast corner of the pit, at a distance of 12.9 m from the edge of
the pit with a depth of 10.35 m. The foundation pit design
adopts the support system of rotary bored pile and reinforced concrete, with partially usage of prestressed anchor
cable. The water prooﬁng design of the foundation pit uses
triaxial cement mixing piles (large diameter) to form a water
stopping curtain, which need to penetrate 2∼4 m below the
bottom of the pit. The layout of the excavation and building
is shown in Figure 2. The process of the foundation pit
construction contain ﬁve steps, including Step 1: locate the
position of the foundation pit and mark it on-site; Step 2:
construct the main structure piles, triaxial cement mixing
piles, supporting piles, columns, and rotary spray piles; Step
3: construct the top beam of the foundation pit supporting
piles and reinforced concrete internal support (partial anchor cable); Step 4: excavate the Earth to the bottom of the
foundation pit and hang the net between the piles spray
concrete protection; Step 5: construction of basement
structure and replacement of bracing backﬁll. The building is
a ﬁve-storey frame structure residential building, and its
foundation is independent foundation, with its foundation
size being 1.5 m × 2 m square individual foundation. The
design requirement of the foundation bearing capacity is
150 kPa, and the building foundation buried depth is 1.5 m.
Concrete strength grade was tested by drilling cores and
four sets of samples were taken, with the axial compressive
strength of the concrete ranging from 14.5 MPa to 18.6 MPa.
The axial compressive strength of the structural columns was
tested by the rebound method, with the axial compressive
strength ranging from 16.4 MPa to 20.2 MPa. The aggregate
of concrete obtained from the core drilling was well distributed and densely cemented, but the steel reinforcement
was corroded by slight rusting.
During the excavation of the foundation pit, the relative
tilt rate of the building has been increased to beyond the
requirement of the design code, with the relative tilt rate
measured at the point sf4 in the northeast direction rapidly
increasing to 2.296% and the settlement ranging from 58 to
81.3 mm. These large settlements were induced by the water
level decrease that was induced by the pumping water during
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the construction. Therefore, the large diﬀerential settlement
of building makes it tilted, and deviation correction is
needed.
The sectional drawing of the building is shown in Figure 3. The soil parameters of the soil samples and the parameters of the pit support structure are shown in Table 1.
Soil proﬁle around the tower base is divided into ﬁve layers
according to the drilling depth (see Figure 3). The main
bearing layer of the building foundation is soft-plastic silty
clay and ﬂow-plastic silt.
2.2. Instrumentation. In this project, the relative tilt rate of
the building, the settlement of four corners of the building
and the surface of adjacent soil, the deformation of the
support structure of the foundation pit, and the horizontal
displacement of adjacent soil were measured. Figure 4 shows
the planar layout of the measuring points and lists the
monitoring items and the corresponding instrumentation,
where the triangle symbol denotes placement of the prism of
total station, WT denotes the groundwater level measuring
point, and LD denotes the embedding point of the inclinometer tube.
2.3. Rectiﬁcation Process. Rectiﬁcation involves drill recharge wells, drill slanting steel pipe, and grout mixture of
cement slurry and water glass solution, add steel pipe piles,
add raft, and carry out the construction of vertical steel pipe
piles and grouting at the reserved oriﬁce and the core of the
steel pipe piles. Simply following previous results measured
for this 5-storey reinforced concrete structure, such as the
concrete strength grade and the bearing capacity of the main
layer of foundation soil, the rectifying procedure should
include six phases, as shown in Figure 5.
The ﬁrst phase is to drill recharge wells on the ground
between the building and the foundation pit. The wells
should be ﬁlled with almost 200–300 cubic meter of water a
day to allow the originally falling water table to rise back up
and reduce the settlement of the building foundations. The
second phase is to drill slant grouting steel pipes on the
ground between the building and the foundation pit, as
shown in Figure 3. Mixture of cement slurry and water glass
solution should be grouted through the pipes into the
foundation soil from the core of the steel pipe pile. Cement
slurry water-cement ratio 0.4 to 0.5, water glass diluted at 1 :
2, grouting pressure more than 0.5 to 1.2 MPa, double slurry
ratio about 1 : 1 to 1 : 0.8, solidiﬁcation time control not more
than 30 s, and single grouting volume (cement slurry) not
the slurry is injected at intervals of 3 to 4 hours, depending
on the deformation of the building, intermittently to reinforce the base subsoil. At the same time, in the vicinity of the
large settlement, 4 deep grouting holes are designed in the
steel pipe piles, and the soil is lifted by grouting the pile
bottom with mixture of cement slurry and water glass solution, in order to realize the zonal lifting of the foundation.
The third phase is to add vertical steel pipe piles to the
foundation of the building to stand part of the vertical load.
Mixture of cement slurry and water glass solution should be
grouted at the bottom of the steel pipe piles to locally lift the
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Figure 2: (a) Layout of the foundation pit. (b) Layout of the building.
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Figure 3: Typical section (A-A′) drawing.

soil and prevent the collapse of the house. The fourth phase is
to strengthen the building’s foundation by using 600 mm raft
slabs. In this phase, the individual foundations of the
building are connected as a whole to furtherly increase the
foundation stiﬀness and preventing the building from
keeping settling during the correction process. The ﬁfth

phase is the construction of vertical steel pipe piles with their
design capacity being 150 (200) kN and their thickness being
of 6 (8) mm. In this phase, piles are formed by means of static
anchor pressure. The purpose of this step is to reduce the
load on the foundation soil to further reduce the building
settlement. The sixth phase is to gradually lift the foundation

4

Advances in Civil Engineering
Table 1: Soil properties and parameters.

Name

E (MPa) c (kN/m3)

Miscellaneous ﬁll
Silty clay
Silt
Coarse sand
Sandy clay①
Sandy clay②
Granite
Grouting area
Supporting pile
Horizontal
support

6
12
2
25
150
180
300
50
3.0 × 104

19.5
19.8
19.9
20.1
20.5
20.9
22.5
19.9
24

0.35
0.32
0.40
0.28
0.25
0.23
0.22
0.32
0.22

8
12
8
0
40
60
100
30
—

14
8
6
30
33
35
38
28
—

31.4
39.2
58.8
8.1
29.7
25.0
—
—
—

37.5
43.2
56.0
—
37.2
34.4
—
—
—

26.2
27.0
37.8
—
25.3
22.0
—
—
—

3.0 × 104

24

0.22

—

—

—

—

—

]

c (kPa) φ (°) ω (%) ωL (%) ωp (%)

LD4

12.9 m
20 m

4.0 m 3.0 m 3.0 m

LD2, Ss1, Xs1

N

Thickness m

e

4.7 1.30∼1.80 0.876
3.6 1.20∼3.40 1.088
1.2 0.50∼4.30 1.657
7.5 0.50∼2.40 0.867
16.4 1.20∼10.00 0.892
25.9 0.90∼7.90 0.778
—
—
—
—
—
—
—
—
—
—

—

—

a1-2
(MPa−1)

Es (MPa)

0.48
0.49
1.08
0.12
0.46
0.36
—
—
—

4.68
4.57
2.76
11.42
4.26
5.10
—
—
—

—

—

LD3

LD1

Ss2, Xs2

WT

Xs3
Ss3

Sf4
Sf1

8.6 m

5.4 m

Ss4
Sf3

Sf:settlement of foundation;
Ss:settlement of soil;
Xs:horizontal displacement of soil;
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Figure 4: Site monitoring layout for rectiﬁcation works.

soil. In this phase, the mixture of cement slurry and water
glass solution should be grouted in small quantities and in
sections at the reserved grouting apertures and the base of
vertical steel pipe piles. Grouting can only be stopped when
the building relative tilt rate is less than 0.8%.

3. Results and Discussion
3.1. The Relative Tilt Rate of the Building. The relative tilt rates
of the building at the north-east and north-west were

measured by total station at sf1 point and sf4 are shown in
Figure 6, from which it can be seen that the building was
leaning before the pit was constructed. According to the
statistic of two monitoring points, the relative tilt rates of the
building before the ﬁrst stage of building deviation rectiﬁcation are 1.923% and 0.572%, respectively, at the point of sf4
in the northeast and northwest directions and 0.59% and
0.762%, respectively, at the point of sf4 in the northeast and
northwest directions. It also shows that the relative tilt rates
increase slowly before reaching the maximum settlement,
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and after reaching the maximum settlement, the relative tilt
rates decrease signiﬁcantly due to the rise of the groundwater
level, the support of the steel pipe piles, and the eﬀect of
grouting uplifts. After the building deviation rectiﬁcation,
the relative tilt rates at points of sf1 and sf4 in the NE and NW
directions measured at the two points decreased to 0.27%,
0.81%, 0.53%, and 0.67%, respectively, both of which were
less than the ∼0.8% speciﬁed in the standard [12]. Zhou et al.
[4] found, for a case on the grout lifting of the leaning
pagoda of Dinglin Temple, that the leaning pagoda of
Dinglin Temple was rectiﬁed, and its tilt angle was reduced
from 7°59′ to 5°36′.
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Figure 6: The tilt angle of the building in the whole process.

3.2. Variation of Water Level of Typical Water Level Holes.
The groundwater level in observation well decreases during
the construction of the foundation pit. Figure 7 shows that
the settlement of the pile head induced by the water level
variation, which is decreased close to 10 m. Due to the sandy
clay is under the support layer of the building, the

Advances in Civil Engineering

Stag
e

1

6
e2 3
e4
ag ge
St Sta Stag Stage5 Stage6

0

40
-2

20

s (mm)

-6

-20

hw (m)

-4

0

-8

-40
-60

-10

-80

-12
0

20
Sf1
Sf2
Sf3

40

60

80
Time (d)

100

120

140

Sf4
hw

Figure 7: Surface settlement of four corners of the building.

permeability coeﬃcient of the sandy clay is greater than that
of the supporting layer. Because the water stop curtain only
enters 3 m below the bottom of the pit, the groundwater has
been bypassing the bottom of the water stop curtain to the
foundation pit since the excavation of the foundation pit.
Also, nearby residents have drilled and set up a water extraction well of about 40 m to continuously pump out
groundwater, which has aggravated the fall of the groundwater level. Eventually, the groundwater level has fallen to a
position close to the bottom of the pit.
After the rectiﬁcation of the building began, the
groundwater level began to rise gradually because
200–300 m3 of water was recharged into the recharge well
daily, eventually returning to the position before the
foundation pit was excavated. Li and Zheng [13] also found
that the groundwater leakage occurred during the excavation of the pit due to problems with the water stop structure,
but the water level drop was small, with only 3 m in their
study of a foundation pit project.
3.3. Settlement of Four Corners of the Building. The settlement
development of four corners of the building is shown in
Figure 7. Before the construction of building deviation
rectiﬁcation, the monitored settlement curves can be divided
into two types:
(1) At points sf1, sf3, and sf4, the settlement occurs. When
the excavation is started, the settlement begins to
develop at the monitoring points. The settlement
velocity at the point sf4 is rapid, and the maximum
settlement reaches 58.2 mm. The settlement velocity
at the point sf2 is relatively slow, and the total settlement is only 10 mm.
(2) The uplift occurs at point sf2. When the excavation is
started, the uplift begins to develop at the monitoring
points. The maximum uplift value at point sf2 is
14.5 mm.

After the building deviation rectiﬁcation was carried out,
the curves at points sf1, sf3, and sf4 indicate that the uplift
value of each monitoring point is proportional to time with
the progress of the grouting process. The maximum uplift
value at points sf1, sf3, and sf4 are 56.4 mm, 43.2 mm, and
97.1 mm, respectively. However, settlement still occurs at the
point of sf2 in order to maintain the level of the whole
building ﬂoor after the correction. Schweiger et al. [14] also
used the grout lifting method when studying the correction
of a steel oil tank that had undergone diﬀerential settlement,
and the grouting points were arranged symmetrically with
the center of the steel tank as the axis of symmetry. The
measurement results of the ﬁeld tests showed that the
maximum lifting volume was nearly 170 mm (the total
grouting volume was about 10,200 m3), so there is a clear
diﬀerence in the grouting volume between this. Therefore,
the maximum lifting volume of the two cases is diﬀerent.
3.4. Settlement of Surrounding Soil. The settlement of the soil
around foundation is shown in Figure 8. Before the construction of building deviation rectiﬁcation, the monitored
settlement curves are founded that the settlement occurs, and
the settlements depend on the distance the points to the
foundation pit. However, the reason of subsidence of these four
points is diﬀerent. The settlement of the top of the foundation
support pile (ss1) increased slowly because the Earth pressure
acting on the support pile is increasing slowly as the excavation
becomes deeper and deeper. The settlement at ss2 point kept
increasing after the excavation of the pit because this point was
for vehicles passing by and stacking next to the foundation pit.
As for the points ss3 and ss4, the settlement at ss3 and ss4 kept
increasing because of the inﬂuence of the building subsidence.
After building deviation rectiﬁcation was carried out, the
curves at ss3 and ss4 indicate that the uplift value of each
monitoring point is proportional to the time with the progress
of the grouting process. However, the curves at ss1 and ss2 only
stay stable because the distance between two points and
grouting points is larger than 9 m. When the grouting is
stopped, the surface uplift value will stabilize. The point ss3 was
lifted by 75.3 mm, and the point ss4 was lifted by 14.6 mm. Ong
et al. [15] found a similar phenomenon when observing soil
movement induced by excavation in clay by the centrifuge
model test. They found that, after completion of excavation, the
soil continues to settle with time while the rate of increase in
settlement decreases with time. Yang et al. [16] found that the
settlement of the top of the supporting pile could reach a
maximum of 6 mm when they studied the displacement of the
supporting structure of a deep foundation pit using a pile
anchor support structure. Guo et al. [17] summarized a formula
for predicting the lift of the soil surface during slurry injection
based on previous research and did ﬁeld tests to compare the
predicted and measured values. They found that the surface
uplift at a location around 3 m from the grout center point was
around 4 mm when the grouting depth was 8 m.
3.5. Horizontal Displacement of Surrounding Foundation Soil.
The horizontal displacements of the soil around foundation
are shown in Figure 9. It can be seen from Figure 9 that
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horizontal displacements with construction are presented as
a step-by-step process which are increased at ﬁrst and then
tended to stable. Horizontal displacements tend to increase
with excavation, and the growth became slow after building
deviation rectiﬁcation was carried out and then ﬁnally
tended to stable. The reasons for this phenomenon can be
attributed to the increase in Earth pressure acting on the
supporting pile and the pressure of trucks and stacks. The
maximum horizontal displacement at the top of the supporting pile is 9.5 mm. The maximum horizontal displacements in the two points of xs2 and xs3 were 6.5 mm and

3 mm, respectively. Yang et al. [16] conducted tests to
monitor the data of a foundation pit supported by a pileanchor structure and excavated to a depth of 8–13 m in their
study. It was found that the maximum horizontal displacement of the top of the supporting pile reached 16 mm.
Zheng et al. [18] found that the radial stress decreases to
0 mm at distances greater than 1 m from the grouting point
in their study on numerical modeling and veriﬁcation of
grouting with mold bag treatment on seepage failure in
foundation excavation. From this ﬁnding, it can be concluded that the horizontal displacements at the two points
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3 m and 6 m from the edge of the foundation excavation are
not caused by grouting because their distance to the grouting
point is much greater than 1 m.
3.6. Lateral Slope of Supporting Pile. The measured value of
lateral slope of supporting pile at points LD1-4 is shown in
Figure 10. The horizontal displacement of the supporting
pile body has remained unchanged after the excavation of
the foundation pit was completed because the Earth pressure
acting on the supporting pile body has remained unchanged
after the excavation of the foundation pit is completed. Also,
the maximum deﬂection of the supporting pile was 12 mm,
which was less than design requirement of 30 mm [19]. Tang
et al. [20], Wang et al. [21], and Zhang [22] all measured the
variation of the horizontal displacement of the supporting
structure of foundation pit with depth due to the eﬀect of
Earth pressure in their own ﬁeld tests or numerical simulations. The horizontal displacement at the midpoint of the

long side of the support structure from the excavation
completion of the ﬁrst layer to the completion of major
structure has been increasing, but the curves of the horizontal displacement at the midpoint of the long side of the
support structure were measured at each time point. Chong
and Ong [23] also studied the deﬂection of contiguous bored
pile wall aﬀected by accidental groundwater drawdown. The
largest horizontal wall deﬂection was 14.3 mm in the ﬁnal
stage of construction, which was similar to the data in this
project.

4. Conclusions
Field tests were conducted to study the behavior of a special
technique of deviation correction of building. Based on the
tests data, some ﬁndings can be drawn as follows:
(1) A new technique for the deviation rectiﬁcation of
building has been described in detail, and it works
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very well to uplift the whole building to reach the
destination position, which can meet the requirement of design demand.
(2) The new technique can provide uplift step by step
with the reinforcement of ground and can reach
9.71 cm displacement.
(3) The new technique does not exaggerate deﬂection of
the retaining structure of adjacent excavation, and
the deﬂection of the retaining structure of adjacent
excavation can meet the design requirement (maximum deﬂection � 14.3 mm < 30 mm).

Notations
E:
c:
]:
c:
φ:
ω:
ωL :
ωp :
N:
e:
a1-2:
Es:

Elastic modulus
Weight density
Poisson ratio
Cohesion force
Internal friction angle
Water content
Liquid limit
Plastic limit
Standard penetration number
Void ratio
Compression coeﬃcient
Compressive modulus.

Data Availability
All data of the ﬁeld tests in this study are available from the
corresponding author upon request.
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