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Abstract 

The appearance of the special-shaped column enriches the flexibility of the interior 
architectural layout. Its unique multi-column section form, the thickness of the column limb 
is as thick as the wall, and there is no pillar protrusion in the room, which makes it quickly 
applied to practical engineering.However, its "innate" bearing capacity and poor seismic 
performance make it a great limitation in promotion and use.This paper mainly introduces 
the development and research status of special-shaped columns, analyzes some problems 
existing in the current research, and proposes future research directions and development 
prospects. 
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1. Introduction 

Compared with masonry structure, reinforced concrete structure is more and more widely used. 
Among them, the most widely used multi-layer structure is reinforced concrete frame load-bearing 

and lightweight material as the frame light-weight structure of the infill wall, also known as frame 

light structure. The structure is not only relatively light in weight, good in seismic performance, but 

also convenient for industrial construction, and thus has great practical and popularization value. 

However, the cross-sectional dimension of the traditional rectangular column is often larger than the 

wall thickness, and the edge of the column is inevitably protruding outside the wall, which directly 

affects the furniture layout and spatial visual effect, making the narrow room more narrow. Structural 

designers developed from shear wall to short shear wall, and then extended to the special-shaped 

column structure. They boldly and innovatively adopted "L" shape, "+" shape and "T" shape columns 

with the same wall thickness in the structure. In practice, there are also a few "Z" and "－" shapes. 

The purpose of applying these shaped columns is to hide the columns in the wall, making the interior 

of the residential structure more beautiful and flat. 

2. Research and development 

The special-shaped column structure evolved from shear walls, short-limb shear walls and frame 
structures. They have some common principles in design methods, but there are obviously different 

parts. Retrospective study of reinforced concrete special-shaped columns, according to the literature 

research found, in the 1970s American scholar Joaguln Marin carried out the first reinforced concrete 

L-shaped short column analysis of the whole process, through the A large number of L-shaped short 

column tests and theoretical studies have proposed a set of calculation charts for designers to 

use[1].At this time, some Chinese design institutes, such as Tianjin light industry design institute, 

began to actively explore new residential structure systems with good functions, and first put forward 

the idea of special-shaped column structure residential system in China and put it into practice. 
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Hsu.cheng and Tzu Thomas have carried out theoretical research and experiments on two-way biased 

L-shaped, trough-shaped and T-shaped reinforced concrete columns [2-4]. The members are made of 

ordinary concrete, high-strength concrete and fly ash concrete respectively. At last, the strength 

correlation curves and load contour maps are concluded, and different cross-section forms are 

obtained. A unified design method for columns is proposed for practical application. 

By the 1990s, Yang et al. made a model of seven-storey reinforced concrete frame structure with 

special-shaped column bracing with scale ratio of 1:3, and carried out a simulated earthquake ground 

motion test. The results show that the seismic performance is better [5].  Xiao et al. used high fluidity 

high performance concrete mixed with fly ash for special-shaped column frame in the test, and carried 

out low-cycle repeated load test . The results show that the high-performance concrete special-shaped 

column-side frame with large fluidity and fly ash is a typical "strong column and weak beam" 

structure, and its seismic performance has been improved significantly, and the energy dissipation 

capacity of the structure has been improved significantly[6]. Wang et al. made a 12-storey frame 

structure model with large bay reinforced concrete special-shaped columns with a ratio of 1/6. The 
elastic-plastic time history analysis program of reinforced concrete frame structures with special-

shaped columns is developed by using the bar model. By comparison, the calculated results are in 

good agreement with the experimental values. The influence of the ratio of length to thickness of 

limbs on the performance of the architecture is discussed, and the corresponding design suggestions 

are put forward [7].       

In 2002, Cao et al. made 12 special-shaped columns with small shear-span ratio and concealed 

columns and carried out seismic performance tests. By comparing the experimental data, the 
application scope, design method and seismic structural measures of special-shaped columns with 

concealed columns were put forward, and the bearing capacity of special-shaped columns was 

calculated. The calculated results were in good agreement with the measured values [8].In 2006, Cao 

et al. put forward a non-linear finite element analysis method for prestressed concrete frame with 

special-shaped columns based on the research results and related basic theory at that time [9]. Chen 

et al. tested 17 specimens of SRC special-shaped columns under cyclic loading. The results show that 

the main failure modes of SRC special-shaped columns are shear baroclinic failure and bending 

failure with good seismic resistance [10]. Zhang et al. made eight T-shaped steel special-shaped 

columns with 1:2 scale to carry out quasi-static tests under low cyclic repeated loads. The test results 

show that under the condition that the axial compression ratio, flange width-thickness ratio and web 
height-thickness ratio meet the limit value, the T-section steel special-shaped columns have higher 

bearing capacity, better ductility and energy dissipation capacity, and can be used in strong 

earthquake areas [11]. Yu et al. of Beijing University of Technology designed 36 special-shaped steel 

columns with "+" section. The stress similarity coefficient of the model section is 1 and the scale ratio 

is 1:2. Then, based on the bearing capacity of seismic design and the requirement of overall seismic 

performance, the combination limit of flange width-thickness ratio and web height-thickness ratio 

of'+'shaped steel special-shaped columns which can be used in strong earthquake area is proposed[12]. 

In order to study the influence of stirrup ratio on the failure characteristics, hysteresis characteristics, 

stiffness degradation, ductility and energy dissipation of T-shaped and L-shaped columns, Liu et al. 

used quasi-static test method to test four special-shaped columns. The research shows that increasing 

the stirrup ratio can improve the failure characteristics of special-shaped columns and increase their 
energy dissipation capacity [13].  

In 2015, Zhang et al. carried out low-cycle cyclic loading tests on four solid-web steel reinforced 

concrete (SSRC) cross-shaped columns. The results show that the solid-web steel reinforced concrete 

cross-shaped columns have high energy dissipation capacity and good ductility [15]. Ma et al. carried 

out low cycle reciprocating simulation on eight cross-shaped steel reinforced concrete special-shaped 

columns. The results show that with the increase of concrete strength and steel content, the strength 
decreases slowly, the energy consumption increases, and the seismic performance improves. With the 

increase of the axial compression ratio, the bearing capacity of the specimens increases, but the 

ductility and energy dissipation become worse, and the seismic performance decreases [16].In order 
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to study the seismic performance of T-section steel-concrete composite special-shaped columns, 

Rong et al. of Hebei University of Technology carried out low-cycle repeated load tests on four 

specimens with different steel distribution forms and axial compression ratio. The test results show 

that the load-bearing capacity, deformation capacity and ductility of steel-concrete composite special-

shaped columns are significantly improved with the addition of section steel [17].                                                                                                     

3. Prospect 

At present, most of the research on the overall seismic performance of special-shaped column frame 

structures in various research institutions and colleges only stay in multi-storey structures, and few 

studies on high-rise structures have been done, and the results are usually qualitative analysis, and no 

further in-depth conclusions have been drawn. The finite element method is usually used in the 

calculation of special-shaped column structures. Although this method has wide applicability, it is 
not systematic enough and the theory is not perfect enough. It is hoped that in the near future, 

scientific researchers will formulate systematic and perfect analysis methods, put forward unified 

calculation methods, and form unified standards and industry norms. Because of the shortcomings of 

reinforced concrete special-shaped columns in some aspects, researchers put forward steel-reinforced 

concrete composite special-shaped columns on the basis of special-shaped columns research. This is 

a new structural form, which combines the advantages of special-shaped columns and steel-concrete 

composite columns. Its appearance not only makes room space large, multi-function, flexible layout, 

but also significantly improves its bearing capacity and seismic performance, and can be applied to 

multi-storey and high-rise buildings, making up for the defects of ordinary reinforced concrete 

special-shaped columns. The improvement of mechanical properties, seismic behavior and 

calculation theory of steel-reinforced concrete composite special-shaped columns and their wide 
application in practical engineering will be the future development direction of steel-reinforced 

concrete composite special-shaped columns. 

4. Summary 

Because of some shortcomings of special-shaped columns, the popularization and application of 
special-shaped columns are limited. Although some measures have been put forward to enhance the 

seismic performance of special-shaped columns in materials and structures, these improved methods 

need a lot of experimental research before they can be popularized and applied.In addition, it is 

necessary to further study some convenient and economical improvement methods.In short, special-

shaped column structure as a new type of structure, although there are some shortcomings, but with 

the emergence and development of new materials, new technologies, methods to solve the 

shortcomings of special-shaped column will continue to emerge, special-shaped column structure will 

be more widely promoted and applied.In short, special-shaped column structure as a new type of 

structure, although there are some shortcomings, but with the emergence and development of new 

materials, new technologies, methods to solve the shortcomings of special-shaped column will 

continue to emerge, special-shaped column structure will be more widely promoted and applied. 
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