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Research on the Stability of Steel Pipe
Column-Berger Beam Support System

Abstract:The steel pipe column-Berger beam support system is a widely used support structure in. bridge
construction, featuring simple structure, convenient installation, high bearing capacity and. good stability. It
is very necessary to conduct stability research on it. In this paper, ANSYS finite element software is us
ed to conduct buckling analysis, node stiffness analysis and initial defect research on.the Berger beam su
pport system. The first four buckling modes of buckling analysis, the load-displacement curves correspond
ing to the node stiffness values of 0-400kN-m/rad of the support system, and.the load-displacement curve
s corresponding to different initial defect ratios are obtained through .the research. Through the above rese

arch, the design work of the support system can be better promoted:
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Introduction

From top to bottom, the combined accessories of the steel pipe column-Bailey bea
m support system are templates, primary-and secondary keels, full hall supports, I-beam di
stribution beams, Bailey beams, and steel pipe columns. The scope of application of the s
caffold system is large terrain height difference and crossing railways, highways, rivers, pi
pelines, special geology and'other conditions. In the development[l'g] process of the bracket
system, the material -used .in“the,parts has changed from the use of wood to the use of
steel, and in the context of ‘the same bridge construction, the steel pipe column Bailey be
am bracket system has, the/advantages of safety and stability, strong bearing capacity, mor
e cost-saving eonstruction cost and more beautiful appearance compared with other support
systems. At home and abroad, we have a rigorous attitude towards scaffold research, and
continue 'to move forward to strengthen and consolidate the research on stents. Most of t
he stent failure forms are instability failure, not strength failure. In order to better make u
p forithe lack of research, the stability of the scaffold system was studied.

1 Establishment of finite elemenxt model

The finite element element model elements are selected as follows, Beam188 beam elemen
ts, and the steel pipe columns, distribution beams, bailey beams, and®* vertical crossbars
of the full hall support in the finite element model of the steel pipe column-Bailey beam
support established in this paper are all simulated by the beam elements. Link180 rod un
it, the oblique rod in the full house bracket is simulated by the rod unit. The Combinel4
spring element was simulated using a spring element during the semi-rigid study of the b
racket joints. A rigid connection is set at the bottom of the model to limit its translational
and rotational degrees of freedom; The CP™**"! command coupling translation and rotatio



nal degrees of freedom are used at the connection between the steel pipe column and the

channel steel, the connection of the internal components of the Bailey beam, and the con
nection of the horizontal and vertical inclined rods of the full hall support. In the boundar
y problem of the distribution beam and the full house bracket and Bailey beam, because t
he bracket model is a large structure, the elastic effect of the connection has little impact
on the overall stability, CERIG "®?js used to establish the rigid area to establish the co
nnection, the establishment process of the model parts is "define the cross-section paramet
ers and material properties of each component— establish the key points according to the
model— each key point is stretched into lines, give the properties — establish a finite ele
ment model”, and the mesh size of each component is divided into two parts between the
connecting nodes. The research in this paper involves nonlinear analysis, and the element
types such as beam elements and rod elements support nonlinear analysis, .and thesconstit
utive type adopts the bilinear follow-up strengthening model, and the yield criterion and f
ollow-up strengthening criterion follow the Mises criterion model as shown below.

Fig 1. Model diagram

2 Buckling analysis

Buckling analysis is- an analytical method used to evaluate the buckling (instability)
behavior of a structure or component under force. Buckling is a phenomenon in which a structure
loses its balance and“suddenly deforms when it is subjected to certain loads, especially
compressive. loads. The purpose of buckling analysis is to predict the conditions under which a
structure-may fail due to buckling and to help designers optimize the stability and load-bearing
capacity ofithe structure. The main contents of buckling analysis include: buckling phenomenon,
when a structure is subjected to external loads, if the load exceeds a certain critical value, the
structure may buckle; After buckling, the structure usually undergoes a large lateral displacement,
rather than just a simple deformation. Buckling critical loads, one of the core tasks of buckling
analysis is to calculate the buckling critical load of the structure, that is, the maximum load that
the structure can withstand before buckling, beyond which the structure will undergo unstable
deformation, which may lead to failure. The critical buckling load is closely related to the
geometry, material properties, and support conditions of the structure. Buckling modes, which the
buckling analysis also solves for buckling modes or buckling modes, which are the shape of the
deformation of the structure when buckling occurs. Each buckling mode corresponds to different
buckling critical loads and structural deformation characteristics. The following figures show the
buckling modes of each part of the analysis.



Fig 2.aFirst-order buckling mode of a full-hall stentFig 2.bSecond-order buckling mode of a full-hall stent

hall scaffolding
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ig 2fSecond-order buckling modes of Bailey beams

2.eFirst-order buckling modes

Fig 2.gBailey beam third-order buckling modeFig 2.hFourth-order buckling modes of Bailey beams



Fig2.kThird buckling mode of a steel pipe columnFig2.l' Fourth buckling mode of a steel pipe column

It can be seen from the above diagram that after the buckling analysis, the buckling
parts of the full hall bracket are the:transverse two sides, the bailey beam is the longitudi
nal two sides, and the steel pipe..column is the connection part with the distribution beam,
which should be focused on when carrying out the design work.

3 Semi-rigid connection

A semi-rigid connection is a type of connection between a "rigid connection" and a
"flexible..connection” in mechanical, structural, or engineering design. Its main feature is t
hat the connecting parts can maintain a certain degree of relative stability between them,
but:a certain degree of deformation or displacement will occur under the action of externa
| forces. Thus, semi-rigid connections are neither fully rigid nor completely flexible, but h
ave some degree of elasticity or deformability. Unlike rigid connections, semi-rigid connect
ions do not completely suppress the relative displacement between connected parts, and it
allows for a certain amount of deformation or rotation. This deformation is controlled and
usually occurs due to friction on the contact surfaces between the connected parts, the el
asticity of the material, or deformation limitations. In many projects, semi-rigid joints are
used as a compromise solution that takes into account the high strength requirements of ri
gid joints and the deformation adaptability of flexible joints, and is usually used in structu
res that require a certain deformation capacity. The working principle of semi-rigid connec
tions: the connecting parts are connected by elastic elements, friction, support surfaces or



some complex mechanical device. Due to the particularity of these connection methods, un
der the action of external forces, there will be a certain displacement and deformation of
the connecting part, but this deformation is relatively small and can usually be controlled
by appropriate design and material selection. Semi-rigid connections do not completely pro
hibit the relative displacement of components like rigid connections, nor do they have a la
rge deformation capacity like flexible connections. For example, in a steel structure buildin
g, if semi-rigidly connected steel beams and steel columns are used, they may have a slig
ht rotation or displacement, but under the load, the relative deformation of the connecting
parts will be limited, ensuring the stability and safety of the structure. A semi-rigid conne
ction is a combination of rigid and flexible connection that allows for a certain degree of
deformation or displacement while maintaining stability between the connected parts. In
many engineering designs, semi-rigid connections are a compromise that offers greater desi
gn flexibility and material savings without sacrificing structural safety. However,-semi-rigid
connection also has its limitations, such as low force transmission efficiency, poor bearin
g capacity than rigid connection, etc., therefore, it is necessary to select:the appropriate co
nnection mode according to the specific engineering requirements;.structural” characteristics
and load requirements in the application, and the following:figure is a“schematic diagram
of semi-rigid connection.

Fig 3a. Schematic diagram of a semi-rigid connection
The principle of semi-rigid connection modeling is to establish a repeating node at the
common node, and then add a spring element to define the node stiffness value, so as to achieve a
semi-rigid connection. The figure below shows the load-displacement curves for the calculated
stiffness of different nodes.
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Fig3b. Displacement diagram of the nodal stiffness load

After the semi-rigidity study of the bracket structure, the overall ultimate bearing capa
city of the bracket increases greatly when the rotational:stiffness of the joint is 20kN - m/r
ad-200kN - m/rad, and the ultimate bearing capacity: of the bracket changes relatively little
with the increase of the joint stiffness, because-the connection mode of the joint is closer

and closer to the rigid connection.
4 Initial defect study

In the steel column-Bailey beam:support. system, the structural safety depends to a lar
ge extent on the stable bearing capacity. Iln the process of erection preparation and installa
tion, the initial defects such as geometric deviation defects, material defects and connectio
n defects can be said to be almost inevitable, and the existence of initial defects makes t
he nature and state of the structure at the critical equilibrium point be changed, and at th
e same time, the nonlinear influence is relatively obvious, and if the measures are not im
proved, it will 'have a'great impact on the stable bearing capacity of the structure. In orde
r to further.study the influence of initial defects on the stability of stents and explore its
fundamental _connotation, it is necessary to have a deep understanding of initial defects. In

the classification of initial defects, they can be roughly divided into geometric defects, m
aterial defects, connection defects, environmental defects, and loading defects. Geometric d
efects ‘refer to defects caused by the shape, size, and position of components that are inco
nsistent with the design requirements. Errors in the manufacturing process, such as inaccur
ate molds and improper calibration of processing equipment, can lead to stress concentrati
ons and reduce the load-bearing capacity of the structure. Material defects refer to defects
in the material itself, such as cracks, porosity, inclusions, etc.Due to the problems in the
process of material production, smelting, casting, heat treatment and other links, the stren
gth and toughness of the material will be reduced, and the risk of the overall structure co
llapse will be increased. Defect refers to the poor state of the connection part (such as w
eld, bolt connection, etc.), due to the improper welding process, insufficient processing acc
uracy of the connector and other factors, it may lead to the failure of the connection part,



affecting the stability of the entire structure; Environmental defects refer to the impact on
components, such as corrosion, fatigue, etc., because of poor working environment, climat
e change, chemical media and other factors, may accelerate the aging and failure of mater
ials; Loading defects refer to defects caused by uneven load application or beyond the des
ign scope, which lead to structural deformation and damage due to insufficient considerati
on of factors such as the use environment and load changes in the design stage, which af
fects its function and safety. In this paper, the method of simulating the initial defect is t
he uniform defect mode method, and the following figure shows the analysis diagram of t
he simulated initial defect.
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Fig 4Load-displacement diagrams for various scaling factors

5 Conclusion

In this paper, the buckling analysis, the semi-rigidity of the joint, and the
initial defect of the steel pipe column-Bailey beam support system are carried
out, and the deformation and force of the structure are studied. At the same ti
me, on the basis of previous research, the influencing factors of the stability o
f Bailey.beam-steel pipe column system were analyzed and studied, and refere
nce suggestions were given. It is conducive to more accurate control of errors
in the construction process and improve the safety of the support structure.
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