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Abstract. Within the last decades, a considerable amount of experimental 
studies have been carried out by numerous researchers across the world 
with the purpose to study the carrying capacity of concrete-filled steel 
tubular (CFST) columns and evaluation of their stressed-strained state. The 
array of the obtained results have allowed designing a mathematical model 
to determine the maximum carrying capacity value of such constructions 
using the methods of mathematical statistics. The authors obtained three 
types of regression equations for short and long circular CFST columns 
with different geometrical and physical properties under axial 
compression. Statistical quality of the obtained models was verified by 
both regression equation quality in general and statistical significance of 
the equation parameters. The comparison of the obtained carrying capacity 
values with the results calculated by Eurocode 4 and AIJ methodologies 
allows making a conclusion on the sufficient calculation accuracy of the 
designed mathematical models.  

1 Introduction  

Since the steel concrete columns have been commonly used in the civil engineering, the 
issues of research of their carrying capacity and evaluation of the stressed-strained state still 
remain very important today. The extensive experimental data set on carrying capacity of 
the columns under various loading conditions assembled within the latest decades by the 
researchers across the world has enabled to study the behaviour of the columns using the 
techniques of mathematical statistics [1-6]. 

The authors of this research have built mathematical models to evaluate the maximum 
carrying capacity of circular CFST columns under axial compression. One of the most 
widely used statistical techniques was used for this purpose, namely, regression analysis 
[7]. 

Initially, two models were supposed to be built for circular CFST short (L/D < 4) and 
long (L/D ≥ 4) columns, where L, D – length and outer diameter of the column, 
respectively. 
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However, analysis of the obtained results showed that in case of the long columns it 
would be preferable to consider separately the samples with the casing thickness  t < 2.5 
mm and those with the thickness t ≥ 2.5 mm. 

2 Regression equation

2.1 CFST long thin-walled columns 

In the first case, thin-wall steel concrete circular columns with t < 2.5 mm, ratio L/D ≥ 4,
column diameter varying within 76 ≤ D ≤ 210 mm, length 500 ≤ L ≤ 2750 mm, yield 
strength of steel 186 ≤ σy ≤ 490 MPa, modulus of elasticity of steel 1.68·105 ≤ Es ≤ 
2.17·105 MPa, prism strength of concrete 10 ≤ fc,prizm ≤ 50 MPa, modulus of elasticity of 
concrete 2.0·104 ≤ Ec ≤ 3.6·104 MPa were considered. In the series of n = 40 observations, a 
factor regression model was obtained as follows: 
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2.2 CFST long thick-walled columns 

In the second case, circular CFST columns with the casing thickness at least 2.5 mm, ratio 
L/D ≥ 4, column diameter varying within 88 ≤ D ≤ 267 mm, length 485 ≤ L ≤ 4956 mm, 
yield strength of steel 200 ≤ σy ≤ 490 MPa, modulus of elasticity of steel 1.68·105 ≤ Es ≤ 
2.17·105 MPa, prism strength of concrete 18.2 ≤ fc,prizm ≤ 50 MPa, modulus of elasticity of 
concrete 2.0·104 ≤ Ec ≤ 3.6·104 MPa were considered. A regression model built on the basis 
of n = 224 observations is written as:
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2.3 CFST short columns  

In the third case, circular CFST short columns with ratio L/D < 4, column diameter varying 
within 86 ≤ D ≤ 820 mm, length 200 ≤ L ≤ 2460 mm, yield strength of steel 226 ≤ σy ≤
490 MPa, modulus of elasticity of steel 1.68·105 ≤ Es ≤ 2.17·105 MPa, prism strength of 
concrete 18 ≤ fc,prizm ≤ 50 MPa, modulus of elasticity of concrete 2.0·104 ≤ Ec ≤ 3.6·104

MPa were considered. Based on the study of the results of 156 experiments, the regression 
equation is written as:  

�� = �� + ���� + ������,����� + ��
��� + ������
 = −81,3206 +
+0.9297�� + 7.53 ∙ 10������,����� + 7.75 ∙ 10��
��� + 8.94 ∙ 10������
. (3) 
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3 Confidence intervals and comparative analysis 

Confidence intervals for regression equation parameters with probability P = 0.95 are 
shown in Table 1.

Table 1. Confidence intervals. 

Model 1 Model 2 Model 3 

108.13 ≤ a0 ≤ 218.5;
0.029 ≤ a1 ≤ 0.033;

-0.0025 ≤ a2 ≤ -0.0017;
0.039 ≤ a3 ≤ 0.067;
0.113 ≤ a4 ≤ 0.649 

119.173 ≤ a0 ≤ 307.99;
0.0219 ≤ a1 ≤ 0.0364;

-4.8×10-6 ≤ a2 ≤ -4.2·10-6;
6.5×10-4 ≤ a3 ≤ 7.8·10-4;

0.231 ≤ a4 ≤ 0.2506;
-1722.28 ≤ a5 ≤ -1315.17. 

-134.305 ≤ a0 ≤ -28.3359;
-0.848 ≤ a1 ≤ -1.012;

7.39·10-4 ≤ a2 ≤ 7.67·10-4;
6.75·10-6 ≤ a3 ≤ 8.74·10-6;
6.66·10-8 ≤ a4 ≤ 1.12·10-7 

Comparative analysis of experimental and theoretical values of the carrying capacity of 
circular CFST columns for all the above regression models are shown in Fig. 1-3.  

Fig. 1. Carrying capacity of concrete-filled steel tubular columns (t  <  2.5 mm, L/D  ≥  4).
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Fig. 2. Carrying capacity of concrete-filled steel tubular columns (t  ≥  2.5 mm, L/D  ≥  4). 

Fig. 3. Carrying capacity of concrete-filled steel tubular columns (L/D < 4). 

Dependences of absolute error ∆��!" = #$%&'*-
$'/:

 # on geometrical parameters of the 

columns and correlation thereof are shown in Fig. 4÷6 for models (1) ÷ (3), respectively. 
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a) b)

c) d)

Fig. 4. Dependences of absolute error of the regression model 1:
            a – on D/t value; b – on the length of the column L; c – on L/D value,
            d – on external diameter D.

Fig. 5. Dependences of absolute error of the regression model 2: 
            a – on D/t value; b – on the length of the column L; c – on L/D value
           d – on external diameter D.
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a) b)

c) d)

Fig. 6. Dependences of absolute error of the regression model 3: 
            a – on D/t value; b – on the length of the column L; c – on L/D value
            d – on external diameter D.

In Table 2, quality parameters of the built models, such as coefficient of determination 
R
2 and mean approximation error are given 

∆= �
; ∑ >$'/:�$%&'*->

$'/:
 100%;�@� . 

Table 2. Quality parameters of the models. 

 Model 1 Model 2 Model 3 

Coefficient of determination R
2  0.989 0.988 0.99

Mean approximation error 6.30% 7.68% 6.41%

Study of the remainder (�A"� − �BCAD�) for models (1) ÷ (3) shows that they are normally 
distributed with zero probabilistic expectation and lie within the interval [-3S; 3S], where S - 
corrected mean quadratic deviation which is 47.94 (t < 2.5 mm, L/D ≥ 4), 97.55 (t  ≥ 2.5 mm,
L/D ≥ 4), 104.74 (L/D < 4). Moreover, in all cases, about 71% remainder are in the interval        
[-S; S], 98%, 94% and 96%, respectively – in the interval [-2S; 2S].  

In general, the statistical significance of the regression equations is verified with the 
Fisher criterion, while the statistical significance of the equation parameters is verified with 
the Student criterion. 

The performed mathematical analysis of the obtained models, as well as comparison of the 
results with the carrying capacity value of the circular CFST columns calculated using the 
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methods of Eurocode 4 [8] and Architecture Institute of Japan (AIJ) [9] allow to make a 
conclusion that the degree of confidence of the regression equations (1) ÷(3) is sufficiently high. 
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