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ABSTRACT 

The axially compressive behavior of Steel Tube Confined Concrete (STCC) columns has been 

experimentally investigated by many researchers throughout the world. However, it is extremely 

complicated to measure the stresses of steel tubes and concrete core in real tests. Therefore, to investigate 

the fundamental behavior of STCC columns under axial compression, this paper presents a numerical 

study that explores the stress distribution in steel tubes and concrete core. The circular STCC columns 

with the use of Normal Strength Concrete (NSC), High Strength Concrete (HSC), and Ultra-High Strength 

Concrete (UHSC) were simulated in a Finite Element Model (FEM) in ABAQUS. The material model for 

confined concrete incorporating a wide range of concrete strength values was developed in the simulation. 

The obtained from FEM curves of load versus strain of circular STCC columns were compared with those 

measured in real tests to verify the accurateness of the FEM. Deriving from the results of FEM, the stress 

states and their distribution in outer steel tubes and concrete core along the column height were described. 

Also, the longitudinal stresses on the cross-section of the concrete core were calculated corresponding with 

the load stage to quantify the strength enhancement of the concrete core due to the confinement effect from 

the steel tube. Furthermore, the confining pressure provided by the outer steel tube and impacting on the 

concrete core was plotted. Based on the findings in this paper, the effect of various concrete strengths on 

the stress distribution in circular STCC columns was investigated. 
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I. INTRODUCTION  

It is widely known that the confinement effect in Concrete 
Filled Steel Tube (CFST) columns can result in remarkable 
improvements in compressive strength and ductility [1-11]. 
Therefore, CFST columns have been extensively applied in 
civil engineering projects. For this column type, when the steel 
tube and the concrete core are loaded simultaneously, the 
confining stress induced by the steel tube is less effective as 
compared to the case where only the concrete core is loaded [5-
11]. If the ductility and strength of composite columns are 
considered as critical design factors, it is suggested that the 
load should be applied on the concrete core only in order to 
form Steel Tube Confined Concrete (STCC) columns [9]. 
Many previous studies have conducted experimental tests on 
the axial compressive behavior of STCC columns [1-4], but 
they have mainly focused on the use of Normal Strength 
Concrete (NSC) or High Strength Concrete (HSC). Recently, 
several studies have reported the test results of circular STCC 
columns infilled with Ultra-High Strength Concrete (UHSC) 
under axial compression [5, 10, 11, 19]. According to them, the 

confining stress level in STCC columns depends on concrete 
strength. The dilation of concrete under compression is higher 
with lower concrete strength, thus the interaction between the 
concrete core and the steel tube becomes stronger. For STCC 
columns, at the ultimate state, the concrete core is subjected to 
triaxial stress, while the steel tube is under biaxial stress. In real 
tests, it is complicated to measure all stresses in the concrete 
core and in the steel tubes. Accordingly, the confining stress 
induced by the steel tubes and imposed on the concrete core is 
hardly calculated. Therefore, many studies have attempted to 
use Finite Element Models (FEMs) to simulate the mechanism 
in STCC columns. Based on the FEM results, all stresses on 
STCC columns can be quantified. Authors in [12] presented an 
FEM in ATENA-3D software to investigate the effect of 
concrete strength on the compressive behavior of STCC 
columns. Authors in [9] developed an FEM using ABAQUS 
software to analyze the mechanisms of STCC short columns 
under axial compression, however they only focused on NSC. 
Authors in [13] introduced an analysis of circular STCC stub 
columns with some modifications to the Drucker – Prager 
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model in ABAQUS, and they quantified the lateral confining 
pressure and the interface shear stress between the concrete 
core and the steel tube. Authors in [15] investigated the effect 
of friction on axially loaded STCC short columns by utilizing 
an FEM. Equations considering the friction coefficient were 
developed to predict the load bearing capacity of STCC short 
columns.  

From the literature review, it is apparent that numerical 
studies on the mechanical performance of STCC columns 
remain very limited with only a handful of studies considering 
the STCC columns with the use of NSC or HSC. Therefore 
additional research should be further carried out to better 
understand the compressive behavior of STCC columns when 
UHSC is infilled. Furthermore, the majority of the existing 
studies were concerned with the comparison of load versus 
displacement or load versus strain curves of STCC columns 
between the FEMs and the test results and very few studies 
dealt with the stress distribution in the steel tubes and the 
concrete core of STCC columns. The interaction between the 
concrete core and the steel tubes through the confining stress is 
complex and can't be measured experimentally. To address the 
aforementioned research gap, this paper aims to develop an 
FEM in ABAQUS software to simulate the mechanism of 
circular STCC stub columns with a wide range of concrete 
strengths, i.e. NSC, HSC, and UHSC. The constitutives of 
confined concrete were proposed based on some previous 
studies and some modifications to Concrete Damaged Plasticity 
Model (CDPM). The established FEM was verified against the 
collected test results. Subsequently, the confining stress and the 
distribution of axial load in the concrete core and the steel tube 
were clarified. Finally, the biaxial stress state of the steel tube 
was quantified by plotting the longitudinal and hoop stresses 
along the height of the columns.  

II. FINITE ELEMENT MODEL DESCRIPTION 

A. General Description 

The circular STCC short columns were simulated using 
FEM in ABAQUS (version 6.11) [28]. Due to the symmetrical 
nature of the circular column, only one-eighth of the column 
was modelled. CAX4R elements with reduced integration and 
4-node axisymmetric elements were used to model the steel 
tubes and the concrete core. Based on the mesh convergence 
studies, the element size was chosen as t/5, where t is the 
thickness of the steel tube. For short columns with the ratio of 
L/D (length to outer diameter) smaller than 4, the initial 
imperfections can be ignored in FEM. Surface-to-surface 
contact was employed to model the interaction between the 
steel tubes and concrete core. A contact surface pair including 
the inner surface of the steel tubes and the outer surface of the 
concrete core was defined. The concrete surfaces were chosen 
as master surfaces, while the steel surfaces were treated as 
master. As suggested in [18], the friction coefficient between 
the steel tube and concrete was taken as 0.6. Two Reference 
Points (RPs) were created at the center of each upper and lower 
cross-section. Boundary Conditions (BCs) were assigned to 
both reference points, while the load was applied downward at 
the upper reference point. The "rigid body" constraints were 
employed to tie the reference points to both the end surfaces of 
the concrete core. To ensure the load was applied only on the 

concrete core, only the end surfaces of the concrete core were 
fixed against all degrees of freedom except for the 
displacement at the upper loaded end. Figure 1 shows the FEM 
including mesh type, boundary conditions, and loading 
application.  

 

 
 

Fig. 1.  Typical FEM of a circular STCC stub column. 

B. Material Models 

The stress – strain relationship ( - ) proposed in [22] was 
adopted for the material model of the steel tube. This model 
covers a wide range of steel yield strength (fy) from 200 to 
800MPa. CDPM provided in ABAQUS was employed to 
simulate the compressive behavior of confined concrete. The 
key parameters in CDPM include the uniaxial compressive 
stress – strain relationship, compressive damage variable dc 
ratio of the second stress invariant on the tensile meridian to 
that on the compressive meridian Kc, ratio of initial equibiaxial 
compressive yield stress to initial uniaxial compressive yield 
stress σbo/σco, dilation angle ψ, fracture energy Gf , viscosity, 
and eccentricity α. The values of Kc, ψ, and σbo/σco were 
calculated by using the equations suggested by [20-22], while 
the remaining parameters such as α, dc, Gf, and viscosity were 
defined as the default values in Abaqus. The stress – strain 
relationship for NSC, HSC, and UHSC after taking into 
account the confinement effect was developed for circular 

STCC short columns, as can be seen in [22]. The  -  curve 
includes three stages: 

The ascending branch (OA) is expressed by the equations 
proposed by [23]: 
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The strain εc0 at the peak stress of the unconfined concrete 
is calculated by [24]: 
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The confined strain at the point B (cc) is determined using 
the equation proposed in [25]: 
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where fB is the confining stress at the point B and determined 
by (5) suggested by [26]. 

The descending branch (BC) is expressed by an exponential 
function proposed by [27]: 

��� � +�0.067 � 3#�′4
� $ 29.9 � #�′ $ 1053- � 10) (6) 

where α and β are factors determining the shape of the 
descending branch. 

III. FINITE ELEMENT MODEL VERIFICATION AND 

MECHANISM ANALYSIS 

The established FEM was used to simulate 3 circular STCC 
short columns, taken from previous studies, under axial 
compression. Specimens C2-30-3D-C and C1-100-3D-C 
reported in [16] and NB4.0-UHFB reported in [17] were 
considered. It is noted that, NSC (C30, fc = 32.7MPa) and HSC 
(C90, fc = 105.5MPa) were used for the specimens C2-30-3D-C 
and C1-100-3D-C, respectively, while UHSC (C150, fc = 
174.2MPa) was used for NB4.0-UHFB. Dimensions and 
material properties of the selected specimens are shown in 
Figure 2.  

 

   

   

   

 
(a) 

 
(b) 

 
(c) 

Fig. 2.  FEM verification and stress distribution on the cross section at different points. (a) Test C2-30-3D-C, (b) Test C1-100-3D-C, (c) Test NB4.0-UHFB.
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In order to verify the accuracy of FEM, the load versus 
strain (N-ε) curves of the 3 specimens obtained from FEM were 
compared with those measured by the test results. It can be 
seen in Figure 2 that, in the ascending phase, the FEM results 
agree well with the measured results, but in the descending 
phase, there is a slight difference between the predicted and the 
measured curves. For the descending phase of specimens C1-
100-3D-C and NB4.0-UHFB, the (N-ε) curves in FEM exhibit 
similar behaviors with the real tests. There is a loss of load 
after the peak load, followed by a horizontal branch. Overall, it 
can be observed that FEM predicts well the complete (N-ε) 
curves of all tested specimens. 

Figure 2 also illustrates the distribution of the axial load 
between the concrete core and the steel tube and the confining 
stress provided by the steel tube. For NSC filled in steel tube 
(C2-30-3D-C), at the ultimate state, the concrete core 
contributed approximately 70% to the total load. However, it is 
observed that the concrete core carries almost the entire load 
for the case of HSC and UHSC. At the ultimate state, 90% of 
the total load was carried by the HSC core in specimen C1-
100-3D-C and UHSC core in specimen NB4.0-UHFB. 
Furthermore, the steel tube in the case of HSC and UHSC core 
tends to carry less axial load before the peak stress as compared 
to the case of NSC. Accordingly, in the ascending branch of the 
(N-ε) curves, the confining stress in the case of NSC core is 
more intense and develops faster than in the case of HSC and 
UHSC. In the plastic stage, the confining stress steadily 
increases after reaching a stable value. Figure 2 demonstrates 
the distribution of longitudinal stress in the concrete section (at 
the top surface of the column) corresponding to three points (1, 
2, and 3) in the (N-ε) curves. For the NSC core, the confining 
stress reaches the maximum value of 8.2MPa, which is twice 
the maximum value of the confining stress in the case of HSC 
and UHSC core. It can be seen in Figure 2 that the longitudinal 
stress across the concrete section is uniform along the axis of 
cylinder and increases gradually when the distance apart from 
the center of section increases. The longitudinal stress in the 
concrete section for the NSC core was significantly larger than 
that for HSC and UHSC cores. This implies that the 
confinement is more effective with lower concrete strength. 
These findings are in good agreement with the research results 
in [1, 8, 12-15, 22]. 

Figure 3 shows the distribution of longitudinal stress and 
hoop stress in the steel tube at the ultimate state. The ratios of 
stress to yield strength of steel tube (σ/fy) were plotted along the 
height of the columns (h/H). It can be observed that the 
distribution of stresses in the steel tube is non-uniform. The 
longitudinal stress of the steel tube is zero and the hoop stress 
is relatively high at both ends of the columns. The longitudinal 
stress increases and the hoop stress decreases towards the 
column mid-height. Also, at the mid-height of the columns, the 
maximum value of longitudinal stress is achieved, while the 
hoop stress is significantly reduced. The hoop stress was 
maximum at H/10, which is quite near to the end surface of the 
column. The maximal values of longitudinal stress and hoop 
stress were about 0.55fy and 0.9fy, 0.50fy, and 0.9fy, and 0.40fy 
and 0.9fy for NSC, HSC, and UHSC cores, respectively. The 
distribution of longitudinal stress in the steel tube along the 
column height is in line with the results reported in [9, 13, 14], 

however there is a difference in the distribution of hoop stress 
in the steel tube between this study and the results in [9, 13, 
14]. The maximum value of hoop stress in this study is 
generally smaller than that in [9, 13, 14]. For example, authors 
in [9] stated that the hoop stress is highest at the column ends. 
It should be noted that the confining stress depends mainly on 
the hoop stress. Based on the FEM results, it can be identified 
that confining stress is maximum at H/10 for circular STCC 
columns. 

 

 

 

Fig. 3.  Distribution of stresses in the steel tube at the ultimate state. 

IV. CONCLUSIONS 

The main conclusions deriving from the FEM results of the 
current study are: 

 The established FEM with some modifications to CDPM in 
ABAQUS can predict well the compressive behavior of 
circular STCC columns with the use of NSC, HSC, and 
UHSC. The distribution of stress in the concrete core and 
steel tube, and the confining stress can be quantified by 
using this FEM. 

 The confining stress or confinement effect is more effective 
with lower concrete strength. 

 The axial load carried by the concrete core becomes smaller 
with increasing concrete strength. 

 The longitudinal stress of the steel tube is zero at both ends 
of the columns and increases towards the mid-height of the 
column, while the hoop stress is maximal at the position of 
H/10 and decreases towards the mid-height of the column. 
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