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In the process of carrying out the installation of large flue, because the thickness of the flue is thin, it is easy to de-
form when hoisting with wire rope, and too much deformation will affect the subsequent use of the flue, resulting
in waste, so in order to reduce the deformation of the flue, the existing conditions are utilized, and the bracket is
added inside the flue to play the role of support, and the deformation of the flue is reduced. Using 3D modeling and
numerical simulation software, the flue structure before and after adding supports was modeled and numerically
analyzed, and the two simulation results were compared, and the deformation of the flue after adding supports was
analyzed to be relatively obvious under the action of hoisting.
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INTRODUCTION

Hoisting is a type of construction work that uses lift-
ing equipment to lift components and install them fixed
in the design position. It is divided into sub-piece hoist-
ing and overall hoisting. The former is to hoist the vari-
ous components of buildings and structures in turn; The
latter is to assemble each component into a whole struc-
ture on the ground and then hoist. This time, the former
is used, and different types of flues are hoisted to the
designated position in order of succession. Jiang Shan
et al. used the rigid-plastic modal approximation meth-
od and ABAQUS finite element analysis to study the
deformation mode and large deflection of concrete-
filled steel pipe (CFST) structural components under
lateral impact load. Using the yield criterion and the
foundation beam model, a modal analytical solution of
the plastic behavior of concrete-filled steel tubular com-
ponents considering the interaction between bending
and axial tensile bearing under lateral impact is ob-
tained. The rigid-plastic mode solution captures the fi-
nite element results, and the deformation modes are
consistent with the existing experimental results[1].
Wang et al. used the Finite Element ABAQUS to nu-
merically simulate the bearing capacity of a circular
concrete-filled steel tube column with local corrosion
under eccentric load. The effects of corrosion site, cor-
rosion volume rate, and corrosion area rate on the bear-
ing capacity were also compared [2]. Cao Shuiliang et
al. used the structural finite element analysis method to
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analyze and calculate the stress of the steam pipeline
under complex working conditions, and through com-
parative analysis, it can be concluded that the maximum
stress of the pipeline before the addition of pipeline sup-
port and hanger is 232,4 MPa, and the maximum stress
of the pipeline after adding pipeline support and hanger
is 212,1 MPa[3]. Saad et al. presented the experimental
results of five full-size slender concrete-filled steel
pipes with eccentric axial loads using high-strength
concrete and high-strength steel as raw materials, and
observed that the load-bearing capacity of the columns
decreased significantly with the increase of eccentricity,
which was consistent with the predictions based on the
design criteria and the ABAQUS finite element simula-
tion. The finite element validation study shows that the
model established by ABAQUS can predict the struc-
tural behavior, strain and peak load reasonably and ac-
curately [4]. Liu Yunfei used the ABAQUS finite ele-
ment calculation software to carry out structural design
and strength calculation, and it was necessary to com-
prehensively analyze and calculate the structural
strength, modality, and instability characteristics of the
vacuum pipeline, so as to reduce the weight on the basis
of ensuring the structural safety to obtain the optimal
scheme [5].

In this paper, through the application of Q235 steel
as the flue in engineering, a model is established to sim-
ulate the finite elements, and the force and deformation
before and after the bracket are analyzed in the actual
hoisting operation.

FINITE ELEMENT MODEL ESTABLISHMENT

Q235 has good plasticity and welding performance,
molding ability is very good, all many profiles (such as
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Angle steel, round steel, I-steel, channel steel and other
materials for many Q235), and has a certain strength,
suitable for Bridges, buildings and other engineering
structures, good practical performance, the price is rela-
tively cheap, cost-effective [6]. Q235 steel is divided
into four grades: A, B, C, and D, which are divided ac-
cording to the different carbon content. The track used
in this project is Q235A grade steel, and its main chem-
ical composition is C 0,14~0,22 %, Mn 0,30~0,65 %,
Si<0,30 %, S<0,050 %, P<0,045 % [7], and the rest of
the components are Fe. The inner diameter of the tubu-
lar flue is 6 000 mm, the outer diameter is 6 028 mm,
and the diameter of the wire rope is 20 mm. The assem-
bly drawing of the wire rope and the flue is shown in the
figure. The inner diameter of the internal bracket steel
pipe is 15 mm, the outer diameter is 25 mm, the length
is 6 m, the end edge of the bracket is rounded, and it can
fit perfectly with the flue when installed inside the flue,
three brackets are added to one side of the flue, one is
horizontal, and the remaining two are horizontally an-
gled with the first one at an angle of 45°. The assembly
drawing after adding the bracket is shown in Figure 1.

Figure 1 Three-dimensional view of assembly

NUMERICAL SIMULATION

Firstly, the three-dimensional structure of the electric
hoist and the I-beam track is established and assembled
with SolidWorks software, the conversion format is im-
ported to the Abaqus software, the imported assembly is
modeled with finite elements, the stress and strain of the
track are observed, the material properties of Q235A are
created, and the track material properties are given, the
roller is set to a rigid body, and the inertial mass is set to
it, and then the analysis step of a certain duration and
frequency is created, the numerical simulation data to be
output is selected, and the stress and strain situation need
to be selected this time. Then create the interaction to set
the friction coefficient and create constraints, select the
top of the wire rope as the reference point, the position of
the reference point and the hoisting hook contact is cou-
pled, define the boundary conditions of the reference
point, let it move in the forward direction, limit its move-
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ment and rotation in other directions, and then set the
load, select the natural gravity, and then according to the
running state to the reference point of the previously se-
lected wire rope, give a certain muzzle velocity or accel-
eration, and the speed given should meet the actual re-
quirements of the project, Too large is easy to produce
potential safety hazards, too small will lead to too long
engineering time and affect efficiency, so the speed
should be appropriately selected.

Meshing is an important part of establishing a finite
element model, which requires more problems to be con-
sidered, requires a large amount of work, and the divided
mesh form will have a direct impact on the calculation
accuracy and calculation scale. In order to ensure the ac-
curacy of the numerical simulation, the size of the mesh
should be selected according to the material properties of
the 3D model and be as small as possible, and the number
of meshes will affect the accuracy of the calculation re-
sults and the size of the calculation scale. Generally
speaking, the number of grids increases, the calculation
accuracy will improve, but at the same time, the calcula-
tion scale will also increase, so the two factors should be
weighed when determining the number of grids. Because
the flue, wire rope and steel pipe are very symmetrical
and uniform structures as a whole, and their stress is rela-
tively uniform, the hexahedral mesh with better mesh
quality is used when dividing the mesh, and the mesh of
the corresponding size is adopted according to the size of
the parts, so that the time used for calculation can be
shortened, and it will not have a greater impact on the
results. The final grid is shown in Figure 2. Table 1 lists
the number of meshes.

SIMULATION RESULTS AND ANALYSIS

In the process of hoisting the flue, according to the
above modeling method, the finite elements are ana-

Figure 2 3D grid diagram

Table 1 Number of grids

Object Volume/ mm/s Number of grids
Flue 28 126 054
Wire rope 10 7984
Bracket 10 9600

METALURGIJA 63 (2024) 3-4, 435-438



S, Mises
(F¥9: 75%)

+2.703e+01
+2.478e+01
+2.253e+01
+2.02%e+01
+1.804e+401
+1.579e+01
- +1.355e+401

+1.130e+01
+9.050e+00
+6.803e+00
+4.556e+00
+2.308e+00
+6.100e-02

Figure 3 Stress in the unreinforced hoisting state

U, Magnitude

+5.932e+02
+5.474e+02
+5.016e+02
+4.558e+402
+4.100e+02
+3.642e402
+3.184e+02

+2.726e+02
+2.268e+02
+1.810e+02
+1.352e+02
+8.944e+01
+4.364e+01

Figure 4 Strain displacement in the unreinforced hoisting
state

LE, Max. Principal
(*F49: 75%)

- +2.978e-02
+2.72%e-02
+2.481e-02
+2.233e-02
+1,985e-02
+1.737e-02
+1.488e-02
+1.240e-02

+9.921e-03
+7.440e-03
+4.958e-03
+2.476e-03
-5.484e-06

Figure 5 Plastic deformation in the unreinforced hoisting
state

lyzed according to the selected process parameters, and
the numerical simulation results of the flue and the
bracket before and after reinforcement are obtained.
From the numerical simulation results of stress and
strain, it can be seen that the flue before reinforcement
has a very large deformation in the process of being
hoisted, but the stress of the flue is not up to the yield
stress of Q235 of 235 MPa. The maximum stress is
27,03 MPa, and the deformation that occurs is elastic
deformation, but due to the limitation of installation
space, the flue deformation is too large and will cause
the problem of insufficient installation space, so the de-
formation of the flue is reduced as much as possible in
the hoisting and installation process, as can be seen
from the figure, the deformation displacement at the
bottom of the flue has reached 593,2 mm, and it can be
seen from the figure that the plastic deformation of the
flue mainly occurs in the part in contact with the wire
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S, Mises
(Y 75%)

+2,350e+02
+2.1542402
+1.958e+02
+1.763e+02
- +1.567e+02
+1.371e402
+1.175e402
+9.797e+01

+7.83%+01
+5.882e+01
+3.9240+401
+1.966e+01
+8.871e-02

Figure 6 Stress in the hoisting state is reinforced

U, Magnitude

+3.617e+402
+3.316e+02
+3.015e+02
+2.715e+02
+2.414e 402
+2.113e+402
+1.813e+02

+1.512e+02
+1.211e+02
+9.107e+01
+6.100e+01
+3.094e+01
+8.697e-01

Figure 7 Reinforcement of strain displacement in hoisting
state

LE, Max. Principal
("T+3: 75%)
+2.992e-02
+2.742e-02
+2.492e-02
+2.243e-02
+1.993e-02
+1.744e-02
+1.494e-02
+1.244e-02
+49.9472-03
+7.451e-03
+4.955e-03
+2.459e-03
-3.713e-05

Figure 8 Plastic deformation in the state of reinforcement
and hoisting

rope, and the maximum plastic deformation is 2,978x10
mm, and the type variable is very small relative to the
thickness of the flue, It is negligible, mainly because of
the excessive elastic deformation of the flue. The diam-
eter of the flue itself is very large, so it should be rein-
forced to reduce the deformation during the hoisting
process.

As shown in the Figure 3-7, the stress-strain diagram
of the flue and support after adding the bracket is added.
As can be seen from the figure, the stress of the flue as a
whole becomes larger after adding the bracket, and the
maximum stress is 235 MPa on the bracket. The maxi-
mum stress of the flue itself is about 73,89 MPa, which
has a more obvious improvement before the reinforce-
ment, but it has not yet reached the yield strength of
Q235, on the other hand, the bracket, the stress of the
bracket has reached the maximum, and a large deforma-
tion has also occurred, the maximum displacement of
the flue itself is 271,5 mm, and the displacement of the
bracket has reached 361,7 mm, which is not much im-
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proved compared with the amount of phase change be-
fore reinforcement, and the plastic deformation of the
flue is 2,992x102mm, It’s not much the same as before
the reinforcement. On the whole, due to the installation
space problem, the length change of the flue up and
down is the main optimization and reduction part, so the
displacement of the bottom of the flue before reinforce-
ment is 593,2 mm, and the displacement of the bottom of
the flue after reinforcement is 61mm, which is a very
obvious improvement, so the reinforcement optimiza-
tion is very important for the hoisting and transportation.

CONCLUSION

According to the numerical simulation results be-
fore and after adding the bracket, it can be seen that
before adding the bracket, the maximum displacement
at the bottom of the flue is 593,2 mm, and the maximum
stress is 27,03 MPa, and after adding the bracket, the
maximum displacement at the bottom of the flue is 61
mm, and the maximum stress is 73,89 MPa.
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