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Abstract	
Fires	not	only	compromise	public	safety,	but	also	disrupt	the	fabric	of	the	building.	In	
view	of	 the	 impact	of	 fire	on	 the	building	structure,	 the	research	status	of	 the	 fire	on	
concrete‐filled	steel	 tubular	columns	(CFST)	with	special‐shaped	section	 is	discussed.	
Introduced	 the	 form	of	steel	 tube	section,	concrete	strength,	 fire	mode	and	 fire	 time,	
eccentricity	and	eccentricity	direction,	steel	tube	strength	and	other	influencing	factors	
on	 the	mechanical	 properties	 and	 influence	 of	 steel	 tube	 concrete	 shaped	 column.	
Integrating	 the	 existing	 situation	 of	 the	 research,	 a	 number	 of	 problems	 of	 shaped	
columns	of	CFST	are	proposed	 to	be	studied,	and	 the	prospect	of	 the	application	e	 in	
practical	engineering	is	foreseen.	
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1. Introduction 

 Recently, building heights in China keep increasing and electric facilities inside keep improving, but 
the likelihood of fire is also greatly enhanced, giving people's daily life and life safety causing a lot 
of inconvenience. Under the action of fire, building materials and components continue to burn, and 
their bearing capacity and stability will be seriously affected. New structures are urgently researched 
to minimize property damage and guarantee personal safety . 

CFST has excellent bearing capacity, good fire resistance, good plasticity and toughness, etc. 
Components under pressure, the concrete in tubes is in the triaxial compression state, which can 
effectively improve the compressive strength of the core concrete; At the same time, concrete will 
support and protect the wrapped steel pipe, to a certain extent, to avoid premature buckling of the 
steel pipe. Mutual effects of both, material strength is maximized and greatly upgraded over ordinary 
reinforced concrete structures [1]. Moreover, it has various section forms and flexible structure layout, 
which can effectively save space, steel and concrete materials, and achieve good economic benefits. 

At present, the project of steel pipe concrete is widely adopted, and the research on its fire resistance, 
post-fire bearing capacity and reinforcement measures is also particularly important. China has issued 
corresponding specifications [2] to promote the application of CFST; Many domestic universities, 
such as Tongji University [3] and Fuzhou University [4] have rolled out similar research, indicating 
that it has a good prospect and application path. 

2. Research Status 

CFST with special-shaped section has many advantages of both reinforced concrete columns (RC) 
and CFST, with various cross section forms, including cruciform columns, T-shaped columns, L-
shaped columns, and hollow sandwich columns. This type of architecture can accommodate the future 
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customized construction development needs with good economic value as a very promising structural 
form, Fig 1 
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(c) (d) 

Fig 1. Common concrete-filled steel tubular columns 

 

With the progress of research, many scholars have found that setting up stiffening ribs in the weak 
parts of the steel tube can increase the lateral rigidity of the structure and retard the flexure of the pipe 
(Fig 2); or arranging restraining members in the shaped column at a certain spacing to improve the 
restraining effect of the steel tube on the internal concrete to confine the component deformation. 
(Fig. 3). 

With the progress of research, many scholars have found that setting up stiffening ribs in the weak 
parts of the steel tube can increase the lateral rigidity of the structure and retard the flexure of the pipe 
(Fig 2); or arranging restraining members in the shaped column at a certain spacing to improve the 
restraining effect of the steel tube on the internal concrete to confine the component deformation. 
(Fig. 3). 

  
(a) (b)

Fig 2. Concrete filled steel tube column with stiffener 

  

(a) (b) 

Fig 3. Concrete filled steel tube column with binding bars 
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Steel tubular concrete profiled columns are studied with the aim of improving the extreme load 
capacity, density and endurance of concrete columns. This paper introduces the current status of 
research on the factors impacting the form of section, concrete strength, fire mode and fire time, 
eccentricity and eccentricity direction, steel tube strength and other influencing factors on the 
mechanical properties and of steel tube concrete shaped columns, and puts forward further research 
problems according to the previous research status, The application prospect in engineering practice 
is prospected. 

3. Different Influencing Factors 

3.1 Section Form of Steel Pipe 

At present, the steel tube section forms of the CFST that restrict the internal concrete are mostly 
square section and circular steel tube. For CFST with square steel tube restraining core concrete, in 
the state of pressure, the core concrete restraint in the corner of the steel tubes, the concrete will 
appear in the unrestrained area, the steel tube bulge damage. Cylindrical steel tubes restrain the 
concrete more than square steel tubes [5].  

3.2 Concrete Strength 

In the early research period, the interior concrete of the steel pipe was mostly plain concrete with low 
compressive strength and limited enhancement of the bearable capacity. High-strength concrete is of 
interest to researchers because of its increased load-bearing capacity compared to ordinary concrete, 
its ability to reduce the sectional area of members, increase the available space in buildings and reduce 
the self-weight of structures. With the improvement of concrete strength, the smaller the water-
cement ratio of concrete, the smaller the gap between coarse and fine aggregates, the lower the 
porosity, the less water filled in the pores, and the concrete will become dense. In the process of fire, 
the concrete temperature will rise continuously, and the rise of internal temperature will make the 
water filled in the gap evaporate, making the concrete loose, and the quality of the component will 
change, affecting the bearing capacity of the component. Therefore, some scholars use the ratio of 
the mass difference before and after the temperature rise to the mass before the temperature rise, that 
is, the mass loss on ignition, to briefly describe the change in the performance of the test piece [6]. 

3.3 Fire Mode and Fire Time 

Flexible arrangement of shaped column structures, where the location of combustibles is uncertain, 
differences in the way the fire is received can occur. Under different firing methods and different 
firing times, the specimens were heated according to ISO834 standard heating curve. The longer the 
heating specimens were, the higher the temperature was. Each cylinder column would form a 
temperature difference due to different heating rates. The different thermal conductivity, specific heat 
and expansion coefficients of the internal and external materials will result in relative displacement 
internally, resulting in the formation of fine cracks, and also on the surface, such as the bursting and 
falling off of the surface concrete. At the same time, there will be surface concrete bursting and falling 
phenomenon. The compressive strength and flexural modulus of concrete will decrease as cracks 
develop. The way of receiving fire generally has one side receiving fire, two side receiving fire, three 
side receiving fire and four side receiving fire. Under the same other conditions, the larger the fire 
area and the longer the fire time, the worse the mechanical properties of CFST after fire. 

3.4 Eccentric Distance and Eccentric Direction 

The size of the eccentricity will affect the size of the Pressure and tension areas of the section of the 
member. The eccentricity is too large to make the tension zone larger, the steel pipe in the tension 
zone yield in advance, and the strength of the material in the compression zone can’ t be fully utilized; 
Too small eccentricity will make the compression zone area is too large, and even full section 
compression, the strength of the material on the side of the larger compressive stress will reach the 
ultimate strength in advance, but the strength of the material on the side of the smaller compressive 
stress will not be fully utilized. At the same time, the inertia distance between the strong axis and the 
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weak axis is different. Therefore, The form of damage to the specimen will therefore differ when this 
load is exerted on the strong and weak axes.  

3.5 Slenderness Ratio 

As the main compression component of building structure, stability is one of its most important 
properties. Slenderness ratio  has a greater impact on the bearing capacity, which is a key parameter 
to measure the stability of the column and one of the factors to judge the long column and short 
column.  The influence of slenderness ratio is small when the external load is large. When the 
external load is small, the larger the slenderness ratio is, the more likely the buckling failure occurs. 
The smaller the slenderness ratio is, the more likely it is to occur the strength failure of first buckling 
and then bending [7]. 

3.6 Steel Pipe Strength 

Increasing the strength of the steel tube can improve the constraint effect on the concrete in the tube. 
In the process of compression, with the increase of compressive stress, the concrete will have 
transverse strain and the steel pipe will have tensile stress. The steel pipe confines the concrete within 
the pipe and limits the transverse strain on the concrete.  

4. Summary and Outlook 

As technology evolves, the demand for high-rise, supertall and even subterranean buildings will 
continue to grow in the future. These buildings once the fire, the life safety and property loss caused 
by immeasurable, so the study of the new structure is particularly important. 

In addition to the above summary of a number of factors with greater influence, many scholars fully 
considered the influence of specimen size, load ratio, steel content, fire protection layer thickness and 
other factors, and gave the equation for carrying capacity calculation under the axis pressure. 
However, the following points need to be studied in depth: (1) The approach to calculating the 
eccentric compressive load capacity of post-fire steel tube and concrete shaped columns has not yet 
been determined. (2) Research in compression-bending-shear-torsion composite stress state is still 
scarce. (3) The mechanical properties of CFST with special-shaped section under bidirectional 
eccentric compression need further exploration. (4) Calculation method of fire protection layer 
thickness of special-shaped column under fire. Wei Xuan has studied the calculation method of fire 
protection layer thickness of steel tube concrete special-shaped column under eccentric load, but there 
is no calculation method of fire protection layer thickness under axial load. 
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