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Abstract

This paper employs a three-dimensional nonlinear finite element method
to analyze settlement and deformation during construction. By considering
the interaction between the superstructure, foundation, and subgrade, the
method reveals both the magnitude of settlement and the distribution of
uneven settlement across the structure. This information is used to adjust
the foundation design or implement structural measures to ensure uniform
settlement, thereby preventing damage caused by differential settlement. In
terms of absolute settlement values, the Mohr-Coulomb model predicts the
largest settlement, with a maximum value of approximately 11.7 cm. The
linear elastic model calculates the smallest settlement, with a maximum
value of around 4.5 cm. The Duncan-Chang model offers an intermediate
prediction, with a maximum settlement value of about 8.9 cm. Utilizing the
ABAQUS finite element software, a 3D model of a natural foundation strip
for a three-story masonry structure was developed. The Duncan-Chang non-
linear elasticity model, which effectively describes the behavior of hardening
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soil, was applied within the software platform to conduct a detailed numerical
simulation. At the same time, the paper assumes that the foundation soil is
considered the linear elastic model and the Moore-Coulomb ideal elastic-
plastic model is compared with the internal force of the superstructure under
different foundation models obtained. According to the maximum principal
stress analysis, the areas where the wall may be damaged are received, and
the measures to reduce the uneven settlement are proposed.

Keywords: 3D nonlinear finite element method, common action, static
analysis, frame structure.

1 Introduction

In view of the limitations of previous calculation means, in the analysis
of high-rise building structure, do not consider the primary method or
conventional basic design method to design the calculation infrastructure
structure [1]. Obviously, these two design methods are not consistent with
the fact that the superstructure, the foundation and the foundation are a
whole [2]. Especially for high-rise buildings, ignore the stiffness contribution
of the results and the actual effect of the whole system results sometimes
far, even get incorrect result, may lead to large uneven settlement, so that the
superstructure produce larger secondary stress, is a lot of house cracks even
one of the main reasons to endanger safety [3, 4]. The analysis and study of
the interaction and joint action of different media in geotechnical engineering
can be divided into three levels: the interaction between the microscopic
levels of geotechnical materials; the interaction between soil and composite
soil or soil and reinforced materials; and the interaction between foundation
and building. In this paper, the main study of the upper and lower structures
works together, namely the third level [5, 6].

Taking the superstructure, foundation and foundation as a whole, these
three should not only meet the static balance conditions, but also meet
the deformation coordination conditions between them in the contact parts,
and then analyze the internal force and deformation of these three [7, 8].
The interaction problem of foundation-foundation-superstructure is basically
divided into two aspects. According to the different load conditions, the joint
action of superstructure, foundation and foundation is divided into interaction
under static load and interaction under dynamic load. The joint action of static
force is the joint action of the superstructure under the static load, such as the
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action of the building by its own gravity [9, 10]. Research on this problem,
and the research results in this field mainly focus on the contact force of the
three in the contact surface. The study of dynamic interaction aims to reveal
the response law of superstructure, foundation and foundation to dynamic
excitation under the action of dynamic load. At present, it is widely used
in large power machinery foundation, nuclear reactors, Marine platforms,
high-rise buildings, Bridges, DAMS and other fields [11, 12]. In essence,
considering the joint action of the three dynamics is most in line with the
characteristics of the structure under the dynamic action. Therefore, in order
to have a more correct understanding of the dynamic response of the building
under the action of the dynamic load, the study of the joint action of the
dynamic action is essential and the three factors under the static load. Any
research topic has its value. To solve this valuable problem, we must first
have a scientific theory as the basis [13, 14].

Since the second half of the 19th century, The study on the contact
problem of two different types of media under various loads provides a
theoretical preparation for the development of this topic: the contact problem
of elastomer under the normal load, The stress distribution on the contact
surface is calculated and tested; For the first time, the stress and strain
problem of homogeneous isotropic elastic half-space under the action of
a smooth rigid body are proposed; Mortont and Close according to the
solution of Hertz, The stress in an isotropic elastic half-space concave under
a smooth sphere is calculated by a harmonic function; On the basis of the
Boussinesq solution, To obtain some numerical results in the case of flat
bottom and conical rigid body; The effect of friction at the interface and
suggest a general principle of elastic contacts between two semi-infinite
elastomers [15, 16]. Since then, these theories have been constantly improved,
and the theoretical research of the superstructure, foundation and foundation
has been continuously promoted. The combined effect of multi-layer frame
structures on separate basis is studied [17, 18]. A method for calculating
foundation settlement, contact stress and bending moment by considering the
stiffness of the superstructure is presented. During this period, the analysis
of the joint action presents two characteristics: due to the limitations of the
calculation tools, it is generally simplified to the plane problem, and the
foundation is envisaged as a simple elastic model, and the contribution of the
superstructure to the foundation intuitively and explicitly considers the foun-
dation stiffness, so as to calculate the internal force and deformation of the
foundation [19].
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2 Analysis Method of Superstructure-Foundation-
Foundation Interaction System

2.1 Line of the Elastic Foundation Model

The beam shear force is positively symmetrically distributed, but if the
positive is negative. That is, at the junction of the second layer beam and
the transverse column. For the same Y value, the second layer beam has the
greatest shear force effect. As shown in formula (1) and (2), it is known that
the shear force of the middle beam is greater than that of the edge beam. It is
revealed that the foundation, foundation and superstructure have undergone
uneven settlement, large in the middle and small on both sides, disc-shaped,
in particular, the soil settlement of the foundation below the foundation is
radial.

{P} = [Kul{Us} + [Kip{Us} (1)
{Pp} = [Ky{Us} + [Ku{Us} (2)

The uneven settlement of the whole structure occurs. Frame structure is
sensitive to uneven settlement, as formulas (3), (4), namely uneven settlement
on the superstructure, therefore because of the superstructure settlement
difference, produce secondary stress in the superstructure, the external load
to meet the basic balance conditions of normal stress and shear stress called
primary stress, and the adjacent structure constraints or the normal stress and
shear stress is called secondary stress.

(P} — [Kyi) (K] P} = ([Ew) — [Kul [Kii) ' [Ka) U} 3)
{Lo} = { Py} — Kyl [Ku] ' {P:} )

Compared with the linear elasticity model of the foundation model, the
floor MISES level is relatively reduced, and the relative difference value of
MISES stress is also reduced. As shown in Equations (5) and (6), using the
Moore-Coulomb model can make the superstructure force relatively uniform.

(K] = [Kup) — K] (K]~ [ K] ©))
y=20in? (6)

The bending moment distribution of each column along the Y axis direc-
tion and X axis direction is compared with the bending moment value under
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the linear elastic model. As shown in Equations (7) and (8), but from the
quantitative analysis, it shows that the bending moment is smaller under the
Moore-Coulomb model than the results of the linear elastic model. Through-
out the corresponding bending moment output results of other columns and
beams, it is still known that the distribution law and the distribution law under
the linear elasticity model are consistent.
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According to the structural mechanics knowledge, the two ends of settle-
ment difference, such as formulas (9), (10), the greater the moment value,
so the uneven settlement difference under the Moore-Coulomb model is
less than the column foundation under the elastic foundation model. The
distribution pattern is still the same, However, according to the analysis, the
shear value at the same position is relatively reduced, that is, the shear level is
relatively reduced, and at the same time, the shear difference is also relatively
reduced. The reason is that the relative settlement difference between the two
ends of the beam is reduced.

= Z ©)
d3 :)\n,ug(l—i-ul) (10)

2.2 Elastic-Plastic Foundation Model

From the structural mechanical knowledge, the internal force and displace-
ment of the symmetric structure are under positive symmetric load. Because
the frame structure model is symmetric, as shown in Equations (11) and (12),
and the load is positively symmetrical, the internal force and bending moment
are symmetric.
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Considering the distribution of the symmetric position, the bending value
of the inner column is much less than the value of the side column, and the
longitudinal column D5 or D2 has the largest effect, as shown in formulas
(13) and (14). The maximum value of the bending moment occurs at the
junction of the longitudinal column D5 or D2 and the first beam at the top;
the direction of the bending value of the second and third columns changes
near the midpoint of the column.

€1

=a+ bey (13)
01— 03

1
o= ( °l ) - (14)
01— 03 e1—0 EZ

Moreover, according to the direction of the bending moment value, it can
be inferred that the left side of the column is pressed or the right side is
pressed, and the left side of the lower half of the second- and third-layer
column is pressed, and the right side of the upper half is pressed. For the first
layer column, the upper and lower side is pulled. As shown in Equations (15)
and (16), the indicated column is subjected to the opposite bending moment.
In addition to changing the direction where the column intersects with the
beam.
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The outer column is influenced by the bending moment, and the trans-
verse column is influenced by first beam along the X axis and Y axis, as
shown in formulas (17) and (18), the following conclusion can be drawn,
for the bending moment in either direction, and the largest column in the
direction.
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Beam bending moment is symmetrically distributed, and the beam
moment value near the beam and column junction and each span beam change
direction, and different layer beam moment value, know the second layer
beam by the moment of the largest, as shown in formulas (19), (20), and the
maximum value in the second layer beam and the transverse column junction,
the same layer beam by the moment value, know the middle beam by the
moment.

Bur = Kurpa ("‘”’) (19)
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3 Nonlinear Finite Element Analysis of Shallow
Foundation Settlement of Frame Structures

3.1 3D Finite Element Analysis of Upper Substructural
Interactions

Using the principle of substructure analysis, the joint action of the superstruc-
ture and the foundation analyzes the joint action of the foundation surface
through the interface of the foundation beam and the foundation, and the
boundary constraints of the foundation beam completely equivalent to the
actual working condition [20, 21]. On the basis of the general substructure
method proposed gradually expand the substructure method, the method will
be the whole structure of the node temporary fixed, and then layer by layer,
row or point by point, the scattered substructure gradually expanded into
the whole structure, because the stiffness matrix formed by the method is
much smaller than the general substructure method, more save computer
memory [22, 23]. This paper analyzes the problem of line elastic foundation
and studies the joint effect of multi-layer multi-span frame structure and
foundation on Duncan-tension nonlinear foundation [24]. The finite element
method of double expanded substructure in high-rise space is adopted, the
elastic half-space is used for layered transverse isotropic foundation with
bilinear deformation properties, and the general analysis method and pro-
cedure of the joint action of shear wall structure and foundation are obtained
[25, 26]. The research results show that there are some disadvantages: first,
ignoring the shear force in the foundation, so the stress diffusion in the
foundation only occurs within the range of the foundation load, which is
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Figure 1 Stress state inside and outside of composite laminate surface.

obviously inconsistent with the reality; second, under the same pressure,
the bed coefficient is not constant, it is not only related to the nature and
category of the soil, but also related to the size, shape, embedding depth,
foundation stiffness and the time of the load action. Foundation model is
simple in calculation analysis and is still widely used [27, 28]. Figure 1 shows
the diagram of the stress inside and outside the surface of the composite
laminate. When the local foundation is weak or the compression layer of
the local foundation is a thin “cushion” compared with the largest horizontal
size of the foundation, it is appropriate to use the Venkel foundation model for
calculation. The elastic semi-infinite body foundation model assumes that the
foundation is a homogeneous and isotropic elastic semi-infinite body [29, 30].

The relationship between the pressure and the deformation on the foun-
dation is analyzed by the elasticity theory. Under the elastic semi-space
foundation model, the settlement of each point of the base is not only related
to the pressure of the point, but also related to the forces of other points, so
it is one step forward than the Venkel foundation model. However, because
the foundation soil is not an ideal homogeneous, isotropic elastomer, the
settlement of the foundation and the foundation calculated by the foundation
model is often too large. Figure 2 is the axial force distribution diagram of
the main supporting components. Considering the characteristics of natural
stratification, and the compression characteristics and the limited compres-
sion depth of the foundation soil, the layered foundation model, or limited
compression foundation model, is proposed. In the analysis, the model uses
elastic theory to calculate the stress in the foundation. The layered foundation
model can better reflect the changing characteristics of the soil layer under
the foundation. It has accumulated a lot of experience in practice, and the
combined analysis can get satisfactory results, which is generally between the
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Figure 2  Axial force distribution diagram of the main supporting members.
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Wenkel foundation and the elastic semi-space foundation. Layer to isotropic
body refers to through the elastomer internal each point has its elastic proper-
ties in each direction is obviously inconsistent with the experimental results,
so people established many foundations soil stress-strain relationship of non-
linear elastic model, nonlinear elastic model has roughly three types: Cauchy
elastic model, super elastic model and subelastic model.

Cauchy The elastic model is that the stress of elastic material only
depends on the current strain; the hypetraelastic model is a kind of consti-
tutive equation established by the material strain residual energy or residual
energy function; the subelastic model means that the stress state of elastic
material. Famous Duncan-zhang model belongs to subelastic model, test con-
stant only nine, each parameter has certain physical and geometric meaning,
and can be found by conventional triaxial test, and elastic tangent modulus
matrix has symmetry, is beneficial to realize numerical calculation, elastic-
plastic model can simulate soil stress-strain characteristics, better reflect the
material hardening, softening, shear and the influence of the main stress
and stress path, but the model parameters are difficult, and finite element
calculation stiffness matrix asymmetry.

3.2 Finite Element Analysis Under the Line Elastic Foundation
Model

The flexible foundation is like a soft film placed on the foundation. It cannot
diffuse the stress, and the substrate reaction force p distribution is exactly
consistent with the load q acting on the foundation. Due to the central
load, the rigid base is originally a flat base, which is still kept flat after
settlement, and the foundation is uniformly sinking. Thus, if the stiffness of
the foundation is not the same, the impact on the foundation will be different,
and then the impact on the superstructure will be different. Figure 3 shows
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Figure 3 Assessment diagram of the influence of foundation settlement on the
superstructure.

the assessment diagram of the influence of foundation settlement on the
superstructure. It shows the internal force redistribution caused by the change
of foundation stiffness by the actual model test. Therefore, when considering
the interaction between the superstructure, foundation and foundation, it is
necessary to analyze the specific problems specifically and choose the appro-
priate foundation. Only through the excavation, drainage and other ordinary
construction procedures can be built up of the foundation is called a shallow
foundation.

Because the shallow soil is bad or the building load is too large, the
foundation bottom surface should be placed on a deep good soil layer, and the
construction of more complex foundation is called deep foundation. Accord-
ing to the structure, shallow foundation can be divided into: independent
foundation, bar foundation, cross foundation, raft foundation, box foundation
and shell foundation. As an exploratory study, this paper only introduces the
results of the overall analysis of strip and independent foundation buildings.
Throughout the process of foundation analysis and design, only the static
balance stage between superstructure, foundation and foundation; second,
only the direct interaction stage between foundation and foundation; third, the
interaction stage of superstructure, foundation and foundation. Table 1 shows
the width and height value of the foundation under the column. The first
stage mainly adopts the method of structural mechanics to divide the whole
static balance system into three parts, and each part is calculated separately,
without considering the influence of the other two. So, this method only
meets the static balance conditions of total load and total reaction force, did
not consider the displacement of the superstructure and foundation contact
surface continuous condition, nor consider the contact surface between the
foundation and foundation, the superstructure internal force and deformation,
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Table 1 Width and height values under the column
Column Name  Corner Column  Vertical Edge Column  Horizontal Column  Stele

Base width/m 1.6 2 2.1 3.3
Base height/m 0.3 0.4 0.4 0.6
N 2.1
)
& 204 = 2.0
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Stand time Stand time

Figure 4 Weight comparison and evaluation diagram of the structure before and after
optimization.

the foundation and the foundation connection point of the internal force and
deformation are inconsistent with the actual situation. However, it is only
natural to use such a simplified analysis method.

In the second stage, the displacement continuity and coordination
between the foundation and the foundation are considered. This stage consid-
ers the influence of the design of the foundation, which is one step forward
than the first stage. The substructure method is used to consider the inter-
action between the superstructure, foundation and foundation, which comes
down to solving a system of balance equations considering the stiffness of the
three factors. The following introduces the principle of substructure method
to establish this system of equations. For this reason, the superstructure and
foundation can be regarded as a whole. The basis of the boundary of the
bottom of the boundary node, using the first modification of the base size, not
only the basis of uneven settlement increase, and column bending moment
value and beam bending moment value and beam shear value are generally
increased, so the first modification of the base size of the whole structure
stress more adverse, so that the structure more unsafe, this is not the result
of what we want. Now another set of basic size values is used for numerical
simulation analysis: the size of the corner column and the base under the side
column is designed according to the conventional method, it can be seen that
the shear force distribution law of the beam has not changed, but the shear
force value decreases, and the relative difference of the shear force is also
reduced. Furthermore, the data extraction and analysis of the maximum main
stress value of each column and beam, Figure 4. For the weight comparison
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evaluation diagram of the structure before and after optimization, Using the
second modified under-column foundation size, The smallest possible tensile
damage area of the column and beam, Or, the smaller the uneven settlement,
The smaller the damaged area of the superstructure appears, The safer the
superstructure is, In addition, under various working conditions, The upper
part of different columns is the most vulnerable or the earliest tensile damage,
And each span beam is the central most easy to appear or the earliest pull
damage; For the same column, The damaged area on the right side of the
column should be greater than the left side; For the same beam, The lower
part of the beam is more likely to pull damage than the upper part; To analyze
the whole body, The maximum main stress value of the outer column should
be greater than the inner column, That is to say, the side column is more prone
to be damaged than the inner column; For the different layers of the beams,
The lowest beam is the most easy or the earliest to pull damage.

4 Static Analysis and Optimization Design of Complex
Building Structure Based on Finite Element Method

The phenomenon of soil deformation and stress and time is called the
rheological phenomenon of soil, which is more obvious in clay, especially
soft clay. The so-called “subconsolidation” in the soil is actually a one-
dimensional rheology. In engineering, the rheology of soil mainly includes
creep, relaxation and flow. In order to reflect the rheology of soil deformation
or stress change, a variety of viscoelastic model, viscoplastic model and
viscoelastic plastic model are put forward. Because it is difficult to accurately
obtain the parameters of the rheological model of soil, the test is relatively
complex, and other foundation models include internal time model, damage
model and tip mutation model. But at present, these models are rarely used
in the construction foundation engineering. Figure 5 for the earthquake struc-
ture dynamic response assessment diagram, however, due to the constitutive
relationship of soil materials is influenced by many factors, the engineering
properties of different kinds of soil may be significant difference, even in the
same location of the consolidation state. From the practical point of view, the
above various foundation models still coexist, different geotechnical prob-
lems, people use different foundation models for analysis. However, in terms
of research and solution quantification accuracy, the closer the foundation
model is to the real force and deformation state of the soil, the more accurate
the analysis results are and the closer to the real situation. The foundation
plays a connecting role in the whole building. Two foundation foundation
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Figure 5 Assessment diagram of structural dynamic response under seismic action.

in the base reaction force and the settlement of the foundation, first of all,
the object or solution domain for a limited overlap only through the node
connected subdomain unit, the original boundary conditions is also converted
into node boundary conditions, this process is called discretization.

Second, within the cell, the simple approximation function is chosen to
slice and approximate the unknown solution function, namely, the sharding
approximation. The specific approach is to select some appropriate nodes
on the unit as the interpolation point of the solution function, and rewrite
the variables in the differential equation into a linear expression composed
of the node value of various variables or its derivatives and the selected
interpolation function, which is the idea and essence of the finite element
method. And the analytic function on the overall region is a combination
of simple approximation functions on these units. Whose node value of the
variable or its derivative is the unknown quantity, and then the approximate
solution of the original problem is obtained by means of matrix representation
and algebraic equation system by computer. Absolute sedimentation value at
the bottom of the line elastic model and Moore-Coulomb model. It is known
that the absolute settlement under the linear elastic model is small and large
under the Moore-Coulomb model. Therefore, from the comparison results of
these two soil models, it can be seen that when the load and model structure
are the same, using the Moore-Coulomb model can adjust the nonuniform
settlement of the overall structure relatively well. Based on the comparison
results of the superstructure column and beam bending and beam shear, we
show that the decrease of uneven settlement is beneficial to the force of the
superstructure. In addition, through the analysis of equivalent plastic strain
value, although the axial force of the inner column is relatively large, and
the absolute settlement value is larger than the side column and the corner
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Figure 6 Assessment diagram of the influence of temperature change on the internal force
of the structure.

column is larger than that of the vertical side column; the Angle column is
the following order: first, the soil under the side column, and the bottom
column is second. Figure 6 shows the evaluation diagram of the effect of
temperature change on the internal force of the structure. In addition, it can
be concluded that the value of plastic strain in areas with large displacement is
not necessarily large, where otherwise, the value of plastic strain in areas with
small displacement is not necessarily small. Distribution of bending moment
values of each column or beam along the Y or X axis. Compared with the
bending moment value of the linear elastic foundation model and the Moore-
Coulomb model, the distribution law of the side column. However, from the
quantitative analysis, the bending moment value obtained under the Duncan-
tension model is the smallest, from which it can be inferred that the uneven
settlement is the smallest under the Duncan-tension model.

The shear force of each beam is reduced, but its distribution law is the
same as that of the linear elasticity model and the Moore-Coulomb model.
It can be seen that the settlement at the bottom of the foundation tends to be
uniform, that is, the uneven settlement decreases, but the absolute settlement
increases. According to the code for foundation design, the allowable value
of the average settlement of the simple high-rise building foundation is
200 mm. Therefore, under the premise that the absolute settlement meets
this requirement; in order to make the uneven settlement smaller, this paper
considers from the perspective of changing the foundation size. Table 2 shows
the axial force value at the bottom end of each column. Because the load
of the whole structure and the stiffness of the structure are not formed at
once, but with the construction process, and the step-by-step construction of
the superstructure has an impact on the joint action of the superstructure,
foundation and foundation. Therefore, we can set multiple step subsequent
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Table 2 Axial force value at the bottom end of each column

Horizontal Medium Medium Medium Horizontal
Name Column bl Column cl Column ¢2 Column c3 Column b2
Axis force/kN  1085.96 1806.91 1769.13 1810.08 1084.26
Name Corner Vertical edge  Vertical edge  Vertical edge  Corner
column a2  column d4 column d5 column d6 column a3
Axis force/kN  812.98 1040.12 1040.51 1043.43 815.43
= Gating-TGYD
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Figure 7 Assessment diagram of node deformation under wind load.

analysis steps in the Step module to simulate the superstructure load is grad-
ually increasing. In essence, all the solid mechanics problems are nonlinear,
and the linear elasticity problems are only a simplification of the practical
problem.

For this paper, the value of the foundation is a limited area, with artificial
boundary conditions to the actual situation, the boundary condition has some
defects, because the foundation soil is an infinite area, which is the limitation
of the finite element. Therefore, many scholars have proposed to use the
boundary element or the infinite element to make up for the deficiency of
the finite element. This is also the direction of further research in this paper.

5 Experimental Analysis

Meshing is the core technique of finite element analysis. Moreover, grid divi-
sion is the most important and important link in the finite element modelling
process with the largest workload. Figure 7 shows the evaluation diagram of
node deformation under the action of wind load, cost and even success or
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Figure 8 Stress assessment diagram under the dead weight of the structure.

failure. Therefore, the following principles must be followed in grid division:
the principle of topological correctness; geometric conformal principle, the
shape of the division unit, the same material properties, physical properties
and interface conditions.

The numerical calculation shows that the ratio of the shortest edge and
the longest edge in the grid is better at about 1:2, and it is better not to exceed
3, and the Angle of the edges should be no greater than 135 and not less
than 30; the density control principle, the division of the grid should consider
the accuracy of the calculation results, computer processing speed and the
storage space required for the calculation results. Figure 8 shows the stress
assessment diagram under the action of the dead weight of the structure. The
more grids are divided, the higher the accuracy of the calculation results, but
the larger the calculation amount, the larger the computer storage space is
required. Considering the size of the personal computer storage space.

Therefore, when dividing the grid, the grid cannot be divided evenly, but
the dense grid division of the parts of attention, corresponding to the sparse
grid division of the parts that are not much concerned. If the surface is not
horizontal or soil layered irregular way can only use import stress data stress
balance, the core of the method is to soil gravity, need to ignore the soil dis-
placement, simply extract the average stress of each unit, then read the stress
back to the ABAQUS as the initial stress, to achieve the effect of balancing
soil displacement. Figure 9 evaluates the structural displacement under dif-
ferent load combinations, without the stress balance, the displacement value
of each node under gravity, after subsequent calculation, the displacement
value of the displacement result minus each node, but this method is only
suitable for small deformation analysis, not suitable for geometric nonlinear,
the advantage is good convergence, high accuracy, because record is node
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Figure 9 Assessment diagram of structural displacement under different load combinations.
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Figure 10 Evaluation diagram of material characteristics of complex building structures.

Cluster Center

displacement, disadvantage is trouble, because to record in advance, and
process data.

From the perspective of relative settlement analysis, the relative settle-
ment difference under elastic foundation model is the smallest, compared
with the other two foundation model, the settlement is relatively uniform,
the above calculation results not only related to the soil constitutive model,
also related to the parameters in the model, the midline elastic model take
the foundation deformation modulus is relatively large, shows that the soil
stiffness is larger, so the absolute settlement and settlement difference is
relatively small. The deformation modulus of the soil in the Moore-Coulomb
model is actually corresponding to the shear modulus of the soil stress-strain
curve, which may underestimate the stiffness of the soil, and the model is the
ideal elastic plastic model after yield. Figure 10 shows the evaluation diagram
of the material properties of complex building structure, which will also lead
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to the calculated settlement may be larger. However, the calculation results of
the nonlinear Duncan-tension model based on the test curve fitting should be
more reasonable and can more closely reflect the true stiffness of the ground
soil. Since the building is usually constructed from bottom to top, that is,
the load of the superstructure is applied on the foundation soil step by step,
the absolute settlement equivalent cloud of the calculation model is analyzed
by the Duncan-zhang model. It clearly shows the settlement change of the
superstructure. The maximum settlement value appears in the northwest
corner, and the distribution law of the settlement value is as follows: the value
decreases along the southeast direction, that is, the superstructure slopes to
the northwest direction.

6 Conclusion

The comparative analysis of the axial force value at the bottom end of the
column shows that the results obtained using the Duncan-tension model are
compared with the other two foundation models, and the corner column and
the side column are unloaded while the middle column is loaded. Analysis of
the calculation results of the bending moment of the frame structure column
and the beam shows that the maximum value of the column or the beam
changes at the junction between the beam and the column. According to the
shear force results of the upper longitudinal beam of the frame structure, the
shear force changes at the junction of the beam and the column and at the
midpoint of each span beam, and the second layer beam is the largest than
the shear force. The increase of the independent foundation size under the
frame structure column can reduce the absolute settlement, but the relative
settlement is diminished or increased in the role; the foundation size designed
by conventional methods and the foundation size designed by the finite
element method can significantly reduce the uneven settlement.

Three foundation models show that the absolute settlement is the largest
while the linear elastic model is the smallest; the unloading amplitude is
about 6%, the unloading amplitude is about 14%, and the axial force value
at the bottom of the side column is about 8%. And uneven settlement when
using the line elastic foundation model, the above calculation results not only
related to the selected soil of constitutive model but also related to the param-
eters in the model, the midline elastic model of the foundation deformation
modulus is relatively large, shows that the soil stiffness is more significant.
Hence, the absolute settlement and settlement difference is relatively small.
The maximum MISES stress is significantly reduced; the maximum MISES
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stress is 9299.49 kPa, the maximum MISES stress is 7332.74 kPa, and the
reduction amplitude is about 20%. The deformation modulus of the soil in
the Moore-Coulomb model is actually on the soil stress-strain curve is 1/2
damage strain, which may underestimate the soil stiffness, and the soil is an
ideal elastic and plastic model, the soil yield after zero, which will lead to the
calculated settlement may be significant. However, the nonlinear Duncan-
tension model calculation results based on the test curve fitting should be
more reasonable. They can more closely reflect the actual stiffness of the
ground soil.
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