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Abstract

In order to improve the prediction accuracy and effect of building inclination around foundation pit, a prediction method of
building inclination around foundation pit based on grey model is designed in this paper. When calculating the parameters
of the prediction model, the number of the bottom layer of the foundation pit excavation, the stress change value and the
excavation load value are taken as the basis. At the same time, the grey derivative defined by the smooth discrete function
is combined with the grey differential equation to build the grey model. The determined parameters are input into the grey
prediction model to output the slope value of the buildings affected by the foundation pit. Complete the design of building
inclination prediction method around the foundation pit. The experimental results show that the proposed method can improve
the prediction of building inclination around the foundation pit, and clarify the direct relationship between foundation pit
and building inclination, which verifies the effectiveness of the proposed method.

Keywords Grey model - Foundation pit - Surrounding buildings - Tilt prediction - Smooth discrete function

Introduction

With the development of urban buildings to higher heights,
the requirements for foundation pits are becoming higher
and higher. At the same time, most buildings are in the
center of the city. The surrounding dense buildings and
structures make the situation of foundation pit excavation
more and more complex and more difficult, especially the
foundation pit near dense buildings, Shallow foundation
buildings near the foundation pit are more obviously affected
by deep foundation pit excavation (Bui et al. 2020). Studying
the deformation in the process of foundation pit excavation
and understanding the factors that may affect the deforma-
tion of buildings are conducive to better grasp the impact of
foundation pit opening and control on buildings (Wu et al.
2021), Based on the settlement theory and considering
the possible influencing factors, the settlement prediction
method of shallow foundation building during excavation
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is put forward, which can predict the possible deformation
of shallow foundation buildings in the future foundation pit
excavation engineering, facilitate better guidance of con-
struction and risk avoidance, and provide a reference for
similar projects in the future.

Generally speaking, deep foundation pit projects are
mostly located in the center of the city. Due to the highly
dense buildings in the city, it brings certain challenges to
the deep foundation pit project. The construction of founda-
tion pit project will have a certain impact on the surround-
ing environment to a great extent. The surrounding shallow
foundation buildings are obviously affected by foundation
pit excavation due to shallow foundation depth and poor
soil conditions. In the process of foundation pit construc-
tion, many factors may cause cracking, inclination and even
damage of surrounding buildings. The safety of some old
buildings, especially shallow foundation buildings, is greatly
challenged. Therefore, it is of practical significance to study
the impact of foundation pit excavation on buildings. Based
on the relationship between foundation pit excavation and
building deformation, the establishment of settlement pre-
diction of shallow foundation buildings can help construc-
tors predict possible problems and avoid risks to a certain
extent. At present, there is a close relationship between the
construction and development of cities and towns and the
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development and utilization of underground space. The
development of underground space is an important topic in
this century. In terms of the development process of devel-
oped countries, three-dimensional space (such as above
ground, ground and underground).

Zentao (Zeng et al. 2015) combines the technique of two-
position differential separation with GNSS and interferomet-
ric synthetic aperture radar (InSAR) to give early warning
to the safety of mine slopes; Shao (Dong et al. 2018) adopts
InSAR method of SBAS and NSBAS to monitor the set-
tlement and horizontal displacement of foundation pit, so
as to ensure the safety of foundation pit construction; The
slope monitoring system established by (Hou et al. 2019) can
timely guide the filling of the cushion under the slope of the
pond dam, and ensure the safety of the slope. As the core
content of deformation monitoring, the prediction of founda-
tion pit deformation value can provide early warning to the
construction unit in time to ensure the safety of production
and construction.

The joint development and utilization of space is a nec-
essary way for urban development, which itself reflects the
forward direction of urban development. Among them,
the core of urban development at this stage is the full use
of underground space, which cannot be ignored. Now the
development and utilization of underground space has been
preliminarily developed, and the construction of urban
underground space must involve foundation pit construc-
tion and excavation. Therefore, in recent years, the foun-
dation pit engineering in large and medium-sized cities in
China has shown a strong development trend, and its scale,
depth and difficulty are increasing. Adjacent buildings can-
not be ignored during the construction and excavation of
foundation pit. While ensuring the rationality and economy
of foundation pit construction, it is also necessary to ensure
the safety of adjacent buildings, especially the dense adja-
cent buildings around the foundation pit, which should be
monitored in time.

In the process of foundation pit construction and excava-
tion, appropriate measures must be taken to protect adja-
cent buildings to avoid unnecessary damage to adjacent
buildings, otherwise it will cause adverse social impact and
huge economic losses. Therefore, reasonable monitoring
and timely early warning can control the adverse impact on
adjacent buildings within a reasonable range, so as to make
a significant contribution to the construction and safety of
the project. Therefore, a new prediction method of building
inclination around foundation pit based on grey model is
designed in this paper. To improve the safety of the building.
The technical route of this paper is as follows: The number
of excavation layers, stress variation value and excavation
load value are determined and used as parameters of the
foundation pit deformation prediction model to improve the
accuracy of the model in the foundation pit analysis. The

smooth discrete function is used to deal with it, and the grey
derivative and grey differential equation are defined, which
optimizes the solution process of the model and avoids the
cycle calculation. On this basis, a grey model is constructed,
the determined parameters are input into the grey predic-
tion model, and the values of the buildings' inclinations
affected by the foundation pit are output, thus completing
the design of the inclination’s prediction method of buildings
around the foundation pit. The application performance of
this method is verified by experiments, which has certain
practical significance.

Design of building inclination prediction
method around foundation pit based
on Grey Model

Analysis on characteristics of foundation pit
engineering

In order to predict the inclination of buildings around the
foundation pit, this paper first analyzes the characteristics
of the foundation pit project, and on this basis, predicts
the inclination of buildings caused by the influence of the
foundation pit (Mahajan et al. 2020). In the foundation pit
engineering, the supporting structure is the main part of the
deep foundation pit, which is divided into supporting struc-
ture and retaining structure. They jointly bear the external
load of the deep foundation pit. They are also the two stress
and deformation components for reference in the analysis
of the interaction between the deep foundation pit and the
surrounding legal buildings (Mahmoodabadi and Bryson
2020). The retaining structure of deep foundation pit is the
boundary between the surrounding soil and the foundation
pit construction facilities. During the excavation process,
it can ensure the stability of the surrounding soil, keep the
original stress balance of the surrounding soil, and keep the
underground layers, groundwater and structures relatively
stable, mainly playing the role of support (Luo et al. 2019),
reinforcement and bearing load. The retaining structure of
deep foundation pit generally mainly bears the soil pres-
sure and water pressure generated during construction, and
resists local deformation through its own stiffness, playing
the role of retaining soil, water stop and water interception.
When the comprehensive factors such as engineering foun-
dation structure and buried depth are determined, the design
scheme of foundation pit retaining structure will be selected
safely, economically and reasonably according to geological
exploration, main structure requirements and surrounding
environment (Singh et al. 2021). Common types of retaining
structures in soft soil areas include:

Bored cast-in-place pile: bored cast-in-place pile can be
divided into cement mixing pile, high-pressure jet grouting
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pile, bored bite pile, etc. Its general characteristics are that
the construction can be applied to places with small space,
strong flexibility, large application depth, long construction
period and high cost (Uchida et al. 2019). In the construc-
tion of bored cast-in-place pile, the pile hole shrinks first
and then expands, but the surrounding soil has been dis-
turbed and damaged before pile expansion, and the friction
has decreased, so the supporting force of bored cast-in-place
pile has timeliness.

Diaphragm wall: diaphragm wall has the advantages of
high stiffness, high strength and good anti permeability
function. The erection of diaphragm wall is to excavate a
groove with a certain depth and width along the periphery of
the foundation pit, set the reinforcement cage skeleton, and
pour concrete to form the unit wall section (Janalipour and
Mohammadzadeh 2019). The thickness is generally 600 mm,
800 mm, 1000 mm and 1200 mm. Under the complex and
fragile environment near the foundation pit, or when there
are high-rise adjacent buildings, the construction method of
combining diaphragm wall and reverse construction method
is preferred, which has high efficiency, strong reliability, but
high cost. The maximum deformation and lateral displace-
ment position of diaphragm wall increase and tend to be
stable with the increase of excavation depth (Wu 2020). The
local displacement of diaphragm wall is greatly affected by
the support type and support distribution. For example,
the lateral displacement of the top will increase exponen-
tially with the increase of the depth of the support position.
Therefore, the maximum displacement of diaphragm wall
is greatly affected by the depth of the first support (Chen
et al. 2020).

SMW construction method pile: SMW (soil mixing wall)
construction method is a composite structure that effectively
combines the high strength characteristics of I-steel and the
impermeability characteristics of cement soil. It is especially
suitable for soft clay, silty fine sand and other soft soil lay-
ers, and is widely used in foundation pit engineering (Jia-di
et al. 2021).

The internal support system is the core support in founda-
tion pit engineering. The internal support design is mainly
composed of support material selection, horizontal support,
oblique support, support nodes, etc. The main function of
the supporting structure is to balance the horizontal force
of the retaining structure. In the process of horizontal force
balancing, the support structure can transfer the horizontal
force from the central part of the internal support system
of the horizontal support node, the focus support node and
other nodes, and then balance all the horizontal forces. This
leads to the need for higher strength support materials for the
support structure, as well as better support layout design and
balance stability, in which the support stiffness is the core
requirement of the support structure. The internal support
system is shown in Fig. 1.
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Fig. 1 Schematic diagram of support system in foundation pit

According to the material selection of internal sup-
port, it can be divided into reinforced concrete support and
steel support. Steel support has the characteristics of light
weight, flexible and convenient installation and removal,
and recyclable. However, the joint structure and installation
are complex, and the compressive performance of steel is
slightly worse than that of reinforced concrete (Wu et al.
2020). Reinforced concrete support is suitable for many
foundations pit forms, with large stiffness, good integrity,
poor node stability and easy to produce stress displacement.
However, it cannot be recycled due to large construction
quantities, cumbersome fabrication and long maintenance
time (Zhang et al. 2019). In order to meet the requirements
of economic rationality and construction schedule of the
project, the characteristics of reinforced concrete support
and steel support are fully utilized to form a hybrid structure
system (Jin et al. 2019).

Analysis on characteristics of buildings
around foundation pit

Based on the above analysis of the characteristics of foun-
dation pit engineering, the characteristics of surrounding
buildings are further analyzed. With the vigorous develop-
ment of urbanization construction, the scale of foundation
pit is increasing day by day, and the depth of excavation
is becoming deeper and deeper (Mendis et al. 2020). The
surrounding environment of many deep foundation pits is
complex. For example, buildings in urban areas are densely
distributed, and various structures are staggered (Kong et al.
2020). In fact, there are a large number of existing build-
ings around the foundation pit construction. In this case, we
should not only pay attention to the safety of the foundation
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pit itself, but also pay attention to the buildings adjacent to
the foundation pit. Figure 2 shows typical adjacent buildings
of foundation pit engineering.

Among them, the frame structure is the most widely used,
because the space formed by the frame structure is large
and the layout is very flexible, it can meet the requirements
of multiple functions (such as office, residence, commerce,
etc.) (Withnall et al. 2020). However, the stiffness of the
frame structure itself is small and the seismic performance
is poor, so the height of the buildings is very limited. The
general frame structure mostly adopts the independent foun-
dation under the column, the overall performance of the
foundation is poor, the differential settlement of the founda-
tion has a great impact on the frame structure, and the dif-
ferential settlement will cause the secondary internal force of
the structure in the frame (Zhou and Ooka 2020). The frame
structure has great flexibility. The deformation caused by
foundation pit excavation should be strictly controlled, even
if the soil deformation caused by foundation pit excavation
does not damage the frame structure.

Masonry structure is widely used in urban construction
because of its low cost and simple technology. Generally,
the masonry structure mostly adopts the strip foundation
under the wall, and the foundation material is mostly rein-
forced concrete. The foundation structure has good integrity
and continuity, and it will adjust the uneven settlement to a
certain extent (Bhatti et al. 2021). However, the material
strength of the masonry is low, the seismic performance is
poor, and the height of the building is generally not very
high. Therefore, the stiffness of the masonry structure is
small, and the resistance to deformation and coordination
ability is weak, such as Fruit beyond endurance.

High rise building

Enclosure wall

Deep foundation pit A
q

The differential settlement of the foundation will have a
great impact on the superstructure of the building, which
is easy to produce cracks and even damage (Petrenko et al.
2020). Affected by various natural environments, some old
masonry buildings are eroded, resulting in a great reduc-
tion in strength. Therefore, in order to strictly control the
uneven settlement of the building foundation, it is necessary
to prevent its structure from being damaged and ensure the
structural safety and stability of the building.

Due to the structural characteristics of high-rise build-
ings, frame core tube structure and shear wall structure are
often used to build high-rise buildings (Timchenko et al.
2020). High-rise buildings are usually equipped with under-
ground facilities (such as underground garage or basement),
and the facilities also have civil air defense function. There-
fore, the foundation of high-rise buildings is deeply buried.
Generally, the foundation bearing layer of buildings is deep,
and deep foundations (such as pile foundation) are mostly
used During the excavation and construction of the foun-
dation pit, the soil around the foundation pit will displace,
and then the adjacent building foundation will bear great
horizontal and vertical loads (Melnikov et al. 2021). When
the building foundation is embedded in ten hard floors, the
integrity of the foundation can be maintained. For example,
when the box foundation and Xiaoban foundation are the
same, their combined foundation mode can also be adopted
(Liu et al. 2021) Foundation pit excavation will cause soil
deformation, because the foundation of high-rise buildings
has strong deformation resistance, and the internal force
change of building superstructure caused by foundation pit
construction and excavation is relatively small.

Prediction of building inclination
around foundation pit based on Grey Model

The theoretical basis of grey model is relational space. It
uses smooth discrete function to define grey derivative and
grey differential equation. A dynamic model is established
for scattered data sequence, which is mainly in the form
of differential equation. The grey model modeling method
in this paper mainly uses cumulative generation. The defi-
nition of cumulative generation is the process of succes-
sively accumulating the data at each time point of a given
sequence. After accumulation, a new sequence is called
cumulative generation sequence. Cumulative generation has
many advantages. It can transform the swing and non-swing
sequence of non-negative sequence into non decreasing and
increasing sequence (Mangushev et al. 2020). In the predic-
tion of building inclination around foundation pit based on
grey model, firstly, the data level of grey model is tested.
In order to ensure that the grey model can be used for
modeling, it is necessary to test the data sequence of the
building inclination around the foundation pit (Wahyu et al.
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2020). The calculation method of initial sequence is shown
in formula (1):

Vo= (VO(1), VO(2), V°(3)... V' ()} M
Calculate the level ratio of the event sequence as:

VO —1)
go(k) = BON

k=1,2,3..n 2)

When all the resulting values are within the set interval
range, it is shown that the time series V° can be predicted in
gray using the gray model GM (1,1). If not, all level ratios
fall within that specified interval, a certain transformation of
the original time series is required to satisfy the condition.
Call this transformation a translation transformation, taking
an appropriate constant C, which exists:

P’k =V +Ck=1,2,3..n 3)
At this time, the order ratio of the sequence is:

pPlk—1)
=22
go(k) 00

The gray model used in this paper is to accumulate the
building tilt flow time series, and make it into a significantly
weakened random generation number with a certain law to
establish the form of differential equation, recorded (GM).

Select G = 1,M = 1, in which G = 1 the representative
performs a cumulative generation, the M = 1representative
modeled time series has only one variable, the selected vari-
able is the building tilt amount. The modeling procedure is
as follows:

Data from the pre-processed building were selected B(t),
the labeled dataset, ¢ representing the time point, obtained:

k=1,23.n &)

B(t) = {B°(11), B°(21)...B°(nt)} 5)

The above datasets are added once to construct the accu-
mulated generated sequences:

B'(t) = {B'(11), B'(20)...B' (nt)} (6)
among,

k
B'(t)= ). b(i),k=1,2,3...n (7

i=1

Among them, b is a positive integer, which represents the
original data based on the previous cumulative generation.

The main purpose of deformation observation of adjacent
buildings and pipelines during deep foundation pit excava-
tion is to timely adjust the excavation speed and position
according to the observation data, protect adjacent buildings
and pipelines from damage due to excessive displacement
of soil bottom, and ensure smooth construction. Once the
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deep foundation pit is excavated, the excavation surface of
the foundation pit enters the process of unloading. Unload-
ing causes upward displacement of the soil (i.e., uplift at the
bottom of the foundation pit). At the same time, there is a
pressure difference in the soil on both sides of the support
structure, and the body in the foundation pit also produces
horizontal displacement from the edge to the center. At
the same time, the deformation of the supporting structure
also causes the displacement of the soil outside the wall
and drives the displacement of the pipeline. In general, the
observed displacement data are often appropriate, that is,
the horizontal displacement points to the foundation pit and
the vertical displacement downward. In case of large value
change or abnormality, in addition to giving an alarm to the
construction unit, the observation times shall be strength-
ened and the corresponding displacement curve shall be
drawn to facilitate the analysis of pipeline deformation. The
theodolite is generally used for plane displacement observa-
tion, and the base is equipped with optical centering device
to improve the centering accuracy. There are many plane dis-
placement observation methods, and the small angle method
is more commonly used (Pshenichkina et al. 2021). This
method is applicable to the situation that the observation
points are messy and not on the same straight line. Select
the observation station a at the place twice the depth dis-
tance from the foundation pit(2 s). If the distance from the
observation station to the observation point B is C and is not
less than 28, set the direction B after selection. Generally,
select the edge of the building or lightning rod as the fixed
target. B use the j-level theodolite to measure the angle, The
number of measurement loops of angle measurement can
be determined according to the distance C and the accuracy
of observation points. Generally, 2—4 measurement loops
are used for measurement, and the distance from point a to
point t is measured. In order to ensure the correctness of
the initial angle value, two measurements are required. As
shown in Fig. 3.

When determined, the amount of changing angle is deter-
mined when the displacement of the foundation pit is:

Aw = V%C(mm) (8)

Among them, 6 represents the amount of angular change,
v represents the constant, C represents the distance of the
observation points of the surrounding buildings,a refers to
point change.

For the stress—strain model of foundation pit soil, this
paper takes cohesive soil as the surrounding soil of founda-
tion pit, and assumes that the surrounding soil is homoge-
neous elastic material, and the supporting structure moves
away from the soil during foundation pit excavation. There-
fore, according to Rankine’s earth pressure theory, the lat-
eral earth pressure can be taken as the active earth pressure,
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Fig.3 Schematic diagram of the foundation pit displacement meas-
urements

Fig.4 Analysis of the soil

and it is assumed that the stress on the support structure is
distributed in a triangle. The upper part is uniformly distrib-
uted with load Q, so the lateral earth pressure of the support
structure is:

0 =(+qk-2C\k, ©)

At this time, (y + g)k represents the active earth pressure
strength under the limit equilibrium of point change.There
is some difference in the degree of the building soil force
around the foundation pit. The schematic diagram is shown
in Fig. 4:

In Fig. 4, the upper sub-graph represents the overall stress
of the soil around the pit. The stress model is split to obtain
the lower two sub-graphs, namely the core stress model in
the lower left corner and the residual stress model in the
lower right corner. It can be seen that there is significant
downward stress in the residual stress model.The force of
the building soil around the foundation pit is:

Flgk, — 2 %/k
"’ZM (10)

Among them, F represents the transverse stress value of
the soil, 7 represents the degree of building tilt,q represents
normal stress.

length

strength of structures around the
foundation pit

High

Overall stress of soil around foundation pit

Core stress model

Residual stress model
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In the foundation pit building based on the gray model,
the stress is the primary function, assuming that the
amount of building tilt around the foundation pit is:

2
w, = S (an

Among them, @, the stress variable representing the 9
building tilt around the foundation pit represents the tilt
amount of the building under the first stress,x takes any
integer.

In the process of foundation pit excavation, the foun-
dation soil mainly undergoes the unloading process. The
soil in the passive area and the active area can be repre-
sented by Mn elements respectively. The typical stress
path of the two elements is: element M is vertical unload-
ing, and the horizontal stress may remain unchanged, or
may decrease or increase slightly; Unit n means that the
vertical load remains unchanged and the horizontal load
is unloaded. Under the influence of excavation unloading,
the deformation modulus of any point in soil is related to
unloading size, stress state in soil, parameters and other
factors, and its value is not constant.

When the soil stress around the foundation pit changes
under the influence of external conditions, the building
also changes. This change is regarded as a failure ratio of
building inclination, and its calculation formula is:

()“1 - /13)f.

E, =
I = A

12)

Among them, E, represents the initial tangent slope of
the normalized stress strain curve, A, — A; representing
the deviation stress and the limit deviation stress when the
soil is damaged, (4, — 43), representing the shear stress
level, g representing the effective fixation stress, and j
representing the tangent Poisson ratio.

Based on the above analysis, the resulting result value
of the foundation pit stress change and the change of the
soil strain were taken as the input value of the gray model
and input into the gray model to complete the building
tilt prediction around the foundation pit, i.e., the final
prediction result is:

o
U= 7§;Ef 2k, H, 13)

Among them, ¢ represents the correction coefficient,
H, represents the depth of the foundation pit excavation,
% represents the ratio of the formation settlement and the
depth of the foundation pit excavation, and U represents
the final tilt amount.

@ Springer

Experimental analyses
Experimental scheme design

In order to verify the effectiveness of this method, experi-
ments were carried out, and the influencing factors of sur-
rounding rock settlement in the process of foundation pit
excavation were analyzed. Commonly used methods of
foundation pit support. The middle of the long side of the
foundation pit is the most unfavorable position, so the mid-
dle of the long side is selected for analysis. The excavation
depth of the foundation pit is 14 m, which is a three-layer
internal support structure, and the internal support is set at
2m * 6 m* 10 m respectively. One row of support shall be
set every 4 m. The pile section is circular, the diameter is
800 mm, the spacing is LM, and the lower embedded depth
is 3 M. The size of the foundation pit is 85mx40m (length
x height). The longitudinal length is 15 m and the width
of the foundation pit is 15 m. The surrounding building
enclosure piles and internal supports adopt beam element
design to calculate the taxi body parameters. The effective
weight is taken as the weight of soil. The simplified soil
body and structural parameters are shown in Table 1.

In the experiment, there are no buildings around the
foundation pit, and the foundation pit is excavated to 10 m,
which is analyzed and compared with the analytical solu-
tion. This paper analyzes the four situations of the three-
story building around the foundation pit, which is 10 m
wide, 10 m away from the foundation pit and excavated to
3m, 6 m, 9 mand 12 m. This paper analyzes six condi-
tions of the three-story building around the foundation pit,
such as 10 m wide, 9 m deep and 10 m, 15 m, 20 m, 25 m
and 30 m away from the foundation pit. Through the analy-
sis of the settlement of surrounding strata, the inclination
of surrounding buildings is predicted.

In the experiment, the excavation depth of the founda-
tion pit is 3-12 m. After the main surface layer is exca-
vated, the specific changes of the surrounding strata are
shown in Fig. 5.

Analysis of the experimental results was performed
according to the set experimental method.

Table 1 Design of the experimental parameters

Properties of soi ~ Thickness(m)  Modulus of Poisson ratio
elasticity (Mpa)

clay 2.3 19 0.36

silty clay 43 19 0.36

Silly clay 8.1 20 0.32

Gray clay 28.2 22 0.29
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Fig.5 Schematic change of strata surrounding foundation pit excava-
tion
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Fig.6 Change value of surface settlement at the edge of 3-12 m
foundation pit excavation

Analysis of experimental results

In the experiment, the surface settlement of the founda-
tion pit was excavated at 3—12 m, and the inclination of the
building was analyzed. The experimental results obtained to
determine the inclination of the building around the founda-
tion pit are shown in Fig. 6.

It can be seen from Fig. 6 that when the excavation depth
of the foundation pit is shallow, the stratum settlement is
small due to the friction between the support structure and
the surrounding. This is because the soil at the bottom of the
foundation pit heaves and deforms upward during excava-
tion, offsetting the decline of some strata, but this influence
gradually decreases when it is about 20 m away from the
foundation pit. When the excavation depth of foundation pit
increases, the settlement increases gradually. When the exca-
vation reaches 6 m, the settlement is obviously downward.
After the excavation depth of the foundation pit increases

from 3 to 6 m, the settlement increment increases signifi-
cantly. The reason is that the depth and area of the founda-
tion pit are larger, resulting in the larger rate and amplitude
of soil rheology in the passive bearing area of the foun-
dation pit, so the settlement increment is larger. When the
excavation reaches 9 m, the settlement amplitude decreases;
When approaching the bottom, the settlement deformation
amplitude decreases obviously. The settlement law of the
surrounding stratum is unchanged. The settlement of the
stratum is not the maximum value around the foundation
pit due to the influence of the supporting structure. The
settlement of the surrounding stratum gradually increases
with the increase of the distance. It reaches the maximum
at a distance from the foundation pit (about 8 m), and then
gradually decreases with the increase of the distance. When
it reaches about 25 m from the foundation pit, The influence
of foundation pit excavation on the surrounding stratum can
be ignored. In other words, with the change of foundation
pit excavation depth, its inclination to surrounding build-
ings increases, indicating that the quality of foundation pit
excavation is positively correlated with the inclination of
buildings.

Based on the prediction of the slope of the foundation
pit around the foundation pit. Generally speaking, there is
a certain distance between the building around the foun-
dation pit and the edge of the foundation pit. This scheme
mainly analyzes the prediction of the slope of the surround-
ing buildings by changing the distance between the building
and the edge of the foundation pit. The specific change curve
is shown in Fig. 7.

It can be seen from the analysis of Fig. 7 that the distance
between the building and the edge of the foundation pit has
a great impact on the inclination of the buildings around
the foundation pit. When the surrounding buildings are full
of buildings, the maximum settlement value of the stratum
is small. When the distance between the building and the
edge of the foundation pit is 10 m, the maximum settlement
value gradually decreases. With the gradual increase of the
distance between the building and the edge of the founda-
tion pit, the building inclination gradually decreases. When
the distance increases beyond 30 m, the inclination of sur-
rounding buildings basically changes little. No matter how
far the building is from the edge of the foundation pit, the
maximum inclination is not at the most edge of the founda-
tion pit, but at a certain distance from the edge. With the
increase of the distance, the inclination gradually decreases.
When it reaches about 25 m away from the foundation pit,
the influence of the inclination of the buildings around the
foundation pit excavation can be ignored.

In order to determine the accuracy of building inclina-
tion prediction by this design method, the predicted value is
compared with the actual measured value, and the results are
shown in Table 2 below. As can be seen from Table 2, the

@ Springer



374

Proceedings of the Indian National Science Academy (2023) 89:366-375

Fig.7 Analysis of prediction
results of surrounding buildings
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Table 2 Prediction error of building tilt value

7
" _ The distance between foundation pit and building is 10m
The distance between foundation pit and building is 15m

The distance between foundation pit and building is 20m

The distance between foundation pit and building is 25m

Distance from The distance between

The distance between

The distance between The distance between founda-

foundation pit edge  foundation pit and building  foundation pit and building  foundation pit and building  tion pit and building is 25 m
(mm) is 10 m is 15 m is 20 m

4 0.34 0.57 0.84 1.2

8 0.52 0.59 0.89 1.1

12 0.55 0.62 091 0.9

16 0.56 0.64 0.94 0.6

20 0.58 0.68 0.97 1.23

24 0.62 0.71 0.99 1.17

28 0.67 0.77 0.10 1.12

error of building inclination predicted by this design method
is kept within 1.3 mm, which meets the practical application
requirements and has certain application value.

Conclusion

Foundation pit excavation directly affects the inclination of
surrounding buildings. Effectively predicting the influence
of foundation pit on the inclination of surrounding buildings
is an important way to improve the safety of buildings. For
this reason, this paper designs a prediction method of build-
ing inclination around foundation pit based on grey model.
By analyzing the characteristics of foundation pit and sur-
rounding buildings, the relationship between foundation pit
and surrounding buildings is clarified; By determining the
number of excavation strata, stress change value and exca-
vation load value of the foundation pit, taking them as the
parameters of the cargo prediction model, using the smooth

@ Springer

discrete function to define the grey derivative and the grey
differential equation for processing, the grey model is con-
structed, and the determined parameters are input into the
grey prediction model to output the slope value of the build-
ings affected by the foundation pit, and the design of the
building slope prediction method around the foundation pit
is completed. The experimental results show that under the
prediction of the model, when the foundation pit is excavated
to 6 m, the settlement is obviously downward. When the
excavation depth of the foundation pit increases from 3 to
6 m, the settlement increment increases significantly. When
the excavation depth reaches 9 m, the settlement amplitude
decreases, that is, with the change of the excavation depth
of the foundation pit, the inclination of the surrounding
buildings increases, showing a positive correlation. At the
same time, when the distance between the building and the
edge of the foundation pit is 10 m, the maximum settlement
value gradually decreases. The distance between the build-
ing and the foundation pit edge is inversely proportional to




Proceedings of the Indian National Science Academy (2023) 89:366-375

375

the building inclination. The prediction of the model is rela-
tively accurate. And the building inclination error predicted
by the model is kept within 1.3 mm, which meets the practi-
cal application requirements. It can be seen that this method
can improve the prediction of the building inclination around
the foundation pit, clarify the direct relationship between the
foundation pit and the building inclination, and verify the
effectiveness of this method.

Data availability The datasets generated during the current study are
available from the corresponding author on reasonable request.
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