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Abstract 
Fire and post-fire behaviours of reinforced concrete columns confined by circular steel 

tubes, also known as circular steel tube confined reinforced concrete (STCRC) columns, 
are investigated in this paper. 5 full-scale specimens exposed to fire and 47 specimens 
after fire exposure were tested. Temperatures across the sections, displacement versus 
time curves, fire resistance, load versus displacement responses and load-bearing 
capacities were measured and discussed. A finite element (FE) model was developed 
using the program ABAQUS, and validated against the test results from the present study. 
Simplified design methods were proposed for predicting the fire resistance and residual 
load-bearing capacity of the STCRC columns under and after fire exposure, respectively. 

Keywords: circular steel tube confined reinforced concrete; experiments; simulation; 
temperature; fire; fire resistance; post-fire; residual load-bearing capacity. 

 
 

1. Introduction 
The steel tube confined reinforced concrete 

(STCRC) column is a composite member with 
outer steel tube mainly working as hoop 
reinforcement. Steel tube in STCRC columns is 
terminated at beam to column connections (as 
shown in Fig.1), therefore no load is directly 
applied on the steel tube and the possibility of 
local buckling in steel tube is reduced. The 
confinement effect in STCRC columns begins 
from the onset of loading and can be 
maximized, which significantly enhances the 
concrete strength and ductility. Owning to the 
discontinuity of steel tube, the STCRC column 
to reinforced concrete beam connections can be 
designed and constructed following methods for 
conventional reinforced concrete structures, 
which avoids complexities of connections of 
concrete-filled steel tubular columns to 
reinforced concrete beams.  

 
Fig. 1. A buildings using STCRC columns in the 

bottom three stories [1] 

The STCRC column was firstly proposed by 
Tommi et al. [2-4], in order to prevent shear 
failure and improve the ductility of the stub 
columns in reinforced concrete structures. After 
that, extensive studies have been performed on 
the compression behaviour and seismic 
performance of the STCRC column at ambient 
temperature by Aboutaha et al. [5, 6], Sun et al. 
[7, 8], Han et al. [9,10], Liu et al. [1,11-14] and 
Yu et al. [15]. 

However, there is no reported research on 
the STCRC column related to elevated 
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temperatures. In order to disclose behaviours of 
the STCRC columns at and after elevated 
temperatures, experiments and numerical 
analysis were conducted herein.  Experiments 
were carried out to identify fundamental 
behaviours of these columns under and after 
fire exposure. A finite element (FE) model, 
adopting sequentially coupled thermal-stress 
analysis, was developed using the software 
ABAQUS and validated against test results. 
Parametric studies were performed to identify 
influences of these key parameters on 
behaviours of STCRC columns under fire and 
after fire. Design methods for predicting fire 
resistance and residual capacities were 
proposed, which can be used for fire safety 
design and damage evaluation of the STCRC 
columns, respectively. 

2. Experimental studies 

2.1. Specimens tested at high temperatures 
Five full-scale specimens, including four 

STCRC columns and one concrete-filled steel 
tubular (CFST) column, were tested to failure 
under the ISO 834 standard fire. All of these 
columns have a diameter of 300mm and a 
length of 3.81m. Load ratio and mode of 
specimens (mode a and mode b) were 
considered. The steel tube exposed to fire is 
continuous for the specimens of mode a, as 
show in Fig.2(a). The steel tube exposed to fire 
was equally divided into three parts for mode b 
(Fig.2(b)), in order to further decrease the 
possible vertical load beared by the steel tube 
due to the bond stress and friction between the 
steel tube and concrete. 

Temperatures of the outer steel tube and 
inner concrete were measured during the test. 
Typical results are shown in Fig.3, in which d is 
the distance between measured point to outer 
surface of steel tube. Measured temperature 
decreases from the outer steel tube to concrete 
center.  There is a platform for the temperature-
time curve of concrete at about 100 oC due to 
moisture evaporation. 

Axial deformations of specimens were 
monitored during the test. Typical results are 
shown in Fig.4. As observed, the axial 
deformation can be divided into expansion, 
stable contraction and rapid contraction. When 
axial deformation or deformation velocity 
exceeds limitations, the corresponding time is 
fire resistance. 

  
(a) mode a (b) mode b 

Fig. 2. Schematic view of the specimen 

 
Fig. 3. Temperatures in the specimen 

2.2. Specimens tested after fire exposure 
A total of 47 circular STCRC columns after 

exposure to ISO 834 standard fire were tested, 
including 21 axially loaded stub columns [16], 
12 eccentrically loaded stub columns [17] and 
14 axially loaded slender columns [18]. The 
considered parameters were heating time (0, 
30min, 60min), length to diameter ratio (3, 6, 
10), concrete strength (C30, C50), cross section 
dimension (200mm, 250mm) and load 
eccentricity (0, 25mm, 50mm). More details 
can be found in [16-18]. 
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Fig. 4. Axial deformation-time curve of the 

specimen 

The specimens were heated in an unstressed 
condition, which is considered to be more 
conservative than under load in terms of 
evaluating the residual strength of concrete after 
fire [19-22]. The ISO 834-1975 standard fire 
curve [23], including heating and cooling 
phases, were employed in this study. The 
heating time was taken as 30min and 60min, 
corresponding cooling time (down to 200 oC) 
was about 60min and 90min, respectively. 
Therefore the total exposure time was 90min 
and 150min, respectively. Cross section 
temperatures were monitored and recorded 
during the heating and cooling phases. After 
cooling to ambient temperatures, these 
specimens were loaded to failure. Load-
displacement curves, strains of steel tube and 
failure modes were obtained. 

The measured typical temperatures in 
specimens are shown in Fig.5, in which d is the 
distance form measured point to outer surface 
of steel tube. The achieved maximum 
temperature decreases from the outer steel tube 
to concrete center, and the corresponding time 
increases. The delay of temperature rise in 
concrete can be attributed to the high thermal 
capacity of concrete and the protection provided 
by surrounding materials [16]. 

The measured typical load-displacement 
curves are illustrated in Fig.6. It can be found 
that the load-bearing capacity decreases with 
the increase of heating time. For specimens 
after heating 30min and 60min, the 
corresponding load-bearing capacity decreases 
11.3% and 22.5% respectively, relative to that 
of unexposed specimen.  

 
Fig. 5. Temperatures in the specimen during 

heating and cooling phases [16] 

 
Fig. 6. Load-displacement curves [17] 

Typical failure modes of specimens are 
shown in Fig.7. Axially loaded stub columns 
failed by shear failure, as shown in Fig.7(a). 
Concrete crushing occurred in eccentrically 
loaded stub columns, and local buckling was 
also observed in the compression side (Fig.7(b)). 
As expected, axially loaded slender columns 
failed by global buckling, as given in Fig.7(c). 

3. Numerical analysis 
A finite element (FE) model was developed 

using the sequentially coupled thermal-stress 
analysis method to investigate the fire and post-
fire performance of the circular STCRC 
columns. A finite element model of the circular 
STCRC is shown in Fig.8. Axial load was only 
applied on the core concrete in the simulation. 
Details of the finite element can be found in 
[24]. 

The developed finite element model was 
validated against circular STCRC columns 
tested in this study, reinforced concrete filled 
steel tubular columns tested by Chabot and Lie 
[25], Romero et al. [26], Han et al. [27]. 
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Comparisons between predicted and test 
temperatures and deformations are shown in 
Fig.9 and Fig.10 respectively, which confirms 
the robustness of the finite element model. 

 

 
(c) axially loaded 

slender column [18] 

(a) axially loaded stub 
column [16] 

 
(b) eccentrically loaded 

stub column [17] 
Fig. 7. Typical failure modes 

 

 

(a) Schematic view (b) Cross-section 

Fig. 8. FE model of STCRC columns [17] 
The finite element model was then 

employed to conducted parametric studies to 
investigate influences of key parameters on the 
fire resistance or residual load-bearing 
capacities of the STCRC columns. Parametric 

study results are not presented herein for the 
limited paper length. 

 
(a) STCRC column 

 
(b) Reinforced concrete filled steel tubular column 

Fig. 9. Comparisons between predicted and test 
temperatures  

 
(a) STCRC column 

 

Shear crack 

 

End plate 

End plate 

STCRC column 

 

 

  

Steel tube 
Concrete 

Reinforcing bar 

Stirrup 

 

0 15 30 45 60 75 90
0

200

400

600

800

1000

1200

Te
m

pe
ra

tu
re

 / 
o C

Time / min

d=150mm

d=50mm

 test
 FE

steel tube

d=100mm

 

0 40 80 120 160 200
0

200

400

600

800

1000

1200

Te
m

pe
ra

tu
re

 / 
o C

Time / min

d=130mm

d=32mm

 test
 FE steel tube

d=65mm

 

0 20 40 60 80 100
-40

-30

-20

-10

0

10

Ax
ia

l d
is

pl
ac

em
en

t /
 m

m

Time / min

 test
 FE

790



Liu, F., Yang, H., and Zhang, S. 
 

  
  2018, Universitat Politècnica de València    

 
(b) Reinforced concrete filled steel tubular column 

Fig. 10. Comparisons between predicted and 
test deformations  

4. Design method 
Liu and Zhou [11] proposed a design 

method for predicting the cross-sectional 
capacity of the STCRC columns at ambient 
temperature, which has been adopted by 
Chinese code “Technical code for tubed 
concrete structures”. Consistent with this 
method, design methods for predicting load-
bearing capacity of circular STCRC columns 
under and after fire exposure were proposed 
respectively by introducing influences of 
elevated temperatures.  

Details of the method predicting load-
bearing capacity of circular STCRC columns 
exposed to fire can be found in [24]. The load-
bearing capacity under fire decreases with 
increasing time. When it equals to the applied 
axial load, corresponding time is fire resistance. 
Comparisons between predicted and test fire 
resistance is shown in Fig.11. The design 
method for predicting residual load-bearing 
capacity of the circular STCRC columns can be 
found in [16-18]. Comparisons between 
predicted and test load-bearing capacities of the 
circular STCRC columns are illustrated in 
Fig.12. As observed from Fig.11 and  Fig.12, 
the proposed design methods can yield good 
predictions of the fire resistance and residual 
load-bearing capacity of the circular STCRC 
columns under fire and after fire exposure, 
respectively.  

 
Fig. 11. Comparisons between predicted and 

test fire resistance 

 
Fig. 12. Comparisons between predicted and 

test residual capacities 

5. Conclusions 
Fire and post-fire performance of circular steel 
tube confined reinforced concrete columns were 
investigated experimentally and numerically in 
this study. Fundamental behaviours of these 
columns were disclosed, and simplified design 
methods were proposed, which may be helpful 
for fire safety design and post-fire evaluation of 
the circular steel tube confined reinforced 
concrete columns. 
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