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Abstract: Y-shaped column are becoming more and more widely used in large public 

buildings, such as car stations, subway stations, airports and other large public 

buildings. It belongs to the high flexible structure, and its bearing capacity and stability 

are the focus of the research in the field of structural engineering. Sometimes for the 

need of building space, the upper branch of the Y - shaped column has a larger angle. 

This has a great influence on the overall bearing capacity of the structure. In this paper, 

a comparative study of two types of working conditions. The upper branch angle of 

working condition 1 is 90 degrees. The upper branch angle of working condition 2 is 60 

degrees. The numerical model is established through the finite element software 

ABAQUS, and the analysis is carried out. Through the analysis, the following 

conclusions are drawn: the smaller the branch angle, the greater the frequency of the 

Y - shaped column and the smaller the period of the structure. Besides, the smaller the 

branch angle is, the greater the bearing capacity is, and the better the stability is. 

Therefore, in the design process of Y - shaped column, we should avoid large branch 

angle as far as possible. Through reasonable selection, the structure should not only 

meet the requirements of building space, but also meet the requirements of bearing 

capacity. 
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1. Introduction 

With the development of architectural technology, Y - shaped columns are becoming 

more and more widely used in large public buildings, such as car stations, subway 

stations, airports and other large public buildings. With the rapid development of urban 

rail transit, new requirements have been put forward for the structure and structure 

characteristics of metro station and interval tunnel. In order to meet the people's needs 

for the practical and beautiful urban underground structure and so on. The 

underground structure of large span, high profile and wide spacing, and other 
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characteristics of the special-shaped column will appear in succession. This is also a 

higher requirement for the seismic performance of the underground structure. As the 

main load-bearing and side resistance components, Y - shaped columns bear large 

vertical and horizontal loads. Therefore, the stability of the roof determines the overall 

bearing capacity of the roof structure, which is the focus of the engineering design. 

Taking the Y shaped column as an example, the bearing capacity and stability of the 

upper part of the Y column with 90 degrees and 60 degrees are studied. The influence 

of the upper branch angle of the column on the bearing capacity of the structure is 

discussed. In this paper, the finite element software ABAQUS is used to establish the 

numerical analysis model, and the two working conditions are analyzed: the working 

condition 1 is a Y shaped column with a branch angle of 90 degrees, and the working 

condition 2 is a Y shaped column with a branch angle of 60 degrees. Firstly, the 

difference between the natural frequencies of the two operating conditions is 

compared through the frequency analysis in the ABAQUS. Then, the vertical load is 

applied to the top of the Y column, and the relationship between the vertical axial force 

and the top vertical displacement is obtained. The influence of the branch angle of the 

Y column on the vertical bearing capacity and the structural stability is analyzed. 

 

2. Y-shaped column 

At present, Y - shaped columns are more and more widely used in the field of large 

public buildings, especially in the support system of the bridge and the airport terminal 

building, which require large space. Because people pay more and more attention to 

the requirements of building beauty, space comfort and evacuation, Y-shaped column 

will give priority to the pillar system as a large space structure in its novel and beautiful 

form. In the application of practical engineering, because of the unique form and 

special structure of Y - shaped column, there is no experience in design and 

construction. The angle of the upper branch of the Y - shaped column has a great 

influence on the bearing capacity and stability of the whole structure. Therefore, it is 

necessary to study the seismic performance of the Y-shaped column, and the research 

results can provide the basis for the design and construction of similar projects in the 

future. 

 

3. Model overview 

In this paper, two kinds of working conditions are selected for research and analysis. 

The angle of the upper branch of the working condition 1 is 90 degrees, and the upper 

branch angle of the working condition 2 is 60 degrees. The overall height of the Y 

column is 3M, and the height of the branching is 1m. H shaped steel is used in the 

Y-shaped column. The steel strength used in this paper is Q235. The density of the type 
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steel Q235 is 7850kN/m2. The ratio of Poisson's ratio is 0.3. Yield strength of steel 

Q235 is eaqul to 235MPa and the limit strength of the steel is equal to 420MPa. The 

finite element software ABAQUS is used to set up the analysis model for numerical 

simulation. The rod parts are Beam element, and the steel constitutive model adopts 

the double fold line strengthening model. In the process of numerical simulation, the 

bottom of the structure is considered at the fixed end. A vertical downward load is 

applied at the top of the upper branch. Standard analysis method is used. The finite 

element model is set up as shown in Figure 1. 

  

(a) condition 1 (b) condition 2 

Fig.1 Finite element models 
 

 

4. Frequency analysis 

The angle of the Y - shaped column is different, and the frequency of the whole 

structure is also different. Generally, the large-span spatial structure with Y shaped 

column has a longer cycle and a smaller frequency. It can adjust the structural period 

by changing the angle of the Y column, so that it can avoid approaching the 

earthquake's excellent cycle. In this paper, the frequency analysis of the structure is 

carried out by the frequency analysis step in the finite element analysis software. The 

Lanczos method is used to calculate the eigenvalues, and the first 4 order modal 

eigenvalues are calculated to ensure that the quality of the analysis structure is not less 

than 85% of the total structure mass. The first four order modes of the frequency mode 

analysis of the two conditons are shown in Figure2 and Figure3. Eigenvalues of 

buckling mode are shown in table1. 
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(a)First order (b)Second order 

  

(c)Third order (d)Fourth order 

Fig.2 The first four order modes of working condition 1 

 

  

(a)First order (b)Second order 

  

(c)Third order (d)Fourth order 

Fig.2 The first four order modes of working condition 1 
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Table 1. Eigenvalues of frequency mode 

model orders 
First order 

eigenvalue 

Second order 

eigenvalue 

Third order 

eigenvalue 

Fourth order 

eigenvalue 

Condition 1 1.5595 3.3794 7.9245 26.326 

Condition 2 2.9615 3.7216 9.0017 29.333 

 

Through the above analysis, when the upper branch of the Y column is 90 degrees, the 

first order vibration frequency is 1.5595HZ. When the upper branch of the Y column is 

60 degrees, the first order vibration frequency is 2.9615HZ. The smaller the branch 

angle, the greater the frequency of the Y - shaped column and the smaller the period 

of the structure. 

 

5. Static analysis 

The static elastoplastic analysis methor is one of the most important methods to 

analyze the carrying capacity of the existing structures. The accurate analysis of the 

bearing capacity and stability of Y - shaped columns is beneficial to the process of 

structural design and seismic performance analysis. The maximum load that the 

structure can bear is calculated accurately, and the anti collapse ability of the structure 

can be analyzed. Through static analysis, the vertical axis force and the vertical 

displacement curve of the vertex of the Y - shaped column base are obtained. Just as 

shown in Figure 3. It can be seen that, under the same vertical load, when the angle of 

the branch is 90 degrees, the Y shaped column has yielded. When the angle of the 

branch is 60 degrees, the Y - shaped column is still in the linear elastic phase. So the 

smaller the branch angle, the greater the bearing capacity, the better the stability. 

 

 

Fig.3 Vertical axial force of base-vertical top displacement 
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6. Conclusions and suggestions 

The relationship between the vertical axis force and the vertical displacement of the 

vertex of the Y - shaped column can be concluded as follows: 

(1) The smaller the branch angle, the greater the frequency of the Y - shaped column 

and the smaller the period of the structure. 

(2) The smaller the branch angle, the greater the bearing capacity, the better the 

stability. 

Therefore, in the design process of Y - shaped column, we should avoid large branch 

angle as far as possible. Through reasonable selection, the structure should not only 

meet the requirements of building space, but also meet the requirements of bearing 

capacity.  
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