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Abstract 

 

Concrete-Filled Steel Tube (CFST) columns have become popular in modern practical construction due to their 

excellent strength, ductility, and load-carrying efficiency. For engineers, accurately estimating their axial load 

capacity is essential to ensure both safety and cost-effective design. While international codes like Eurocode 4, 

AISC 360, and China’s GB 50936 offer clear guidance on CFST design, the Bangladesh National Building Code 

(BNBC) 2020 provides limited direction and mainly refers to external standards. This study compares how BNBC 

2020 and other major international codes evaluate the axial capacity of CFST columns under concentric 

compression. The evaluation of existing design codes has been made based on the wide range (1229 test data) of 

test data of CFST columns. The evaluation results revealed that a noticeable differences in prediction of axial 

capacity due to the confinement effects, load interactions, and safety margins. Most of the existing codes give more 

conservative prediction which lead to less efficient structural designs and increased material use. To address this 

gap, the study proposes refinements of BNBC 2020 to account for the confinement and interaction behavior 

between the infilled concrete and outer steel tube. From the results, it is noticed that the refined BNBC 2020 codes 

give very good accuracy by considering the confinement and size effect.  

Keywords: Concrete-filled steel tubes (CFST); Axial load capacity; Design code comparison; Confinement effect; 

BNBC 2020 

 

1 Introduction 

 

Concrete-Filled Steel Tube (CFST) columns have gained widespread acceptance in structural engineering due to 

their unique composite action, which synergistically combines the high compressive strength of concrete with the 

ductility and tensile capacity of steel (Utkarsh et al., 2024). This combination results in numerous structural 

advantages, including increased axial and flexural capacity, improved energy dissipation under seismic loading, 

and enhanced fire performance, making CFST columns increasingly popular in high-rise buildings, bridges, and 

various infrastructure projects worldwide (Han et al., 2019; Ahmed et al., 2023). The infilled concrete enhances 

the stability of the outer steel tube by resisting inward local buckling (Ahmed et al., 2025). In turn, the concrete is 

confined by the steel tube, which applies confining pressure that increases the strength and ductility of the columns 

(Ahmed et al., 2023; Utkarsh et al., 2024). Additionally, CFST columns enable speedy construction, offering 

significant economic advantages to the construction industry (Hassan et al., 2021). 

Several international design codes, such as Eurocode 4 (EN 1994-1-1), ACI (ACI) and AS2327 (AS2327), have 

developed detailed guidelines for the design of CFST elements over the past two decades. These codes incorporate 

key parameters like confinement effects, interaction between materials, and safety margins to provide accurate 

estimations of axial load-carrying capacity. Research has shown that the confinement effect exerted by the steel 

tube significantly influences the strength and ductility of CFST columns. For example, Han et al. (2019) 

demonstrated that confinement levels affect the axial capacity and post-peak behavior of these columns, with lower 

concrete strength grades benefiting from enhanced ductility due to better confinement, whereas higher strengths 

tend to be more brittle behavior. 

Comparative studies indicate variations in design philosophy and conservatism among codes. Niranjan and 

Eramma (2014) found discrepancies between experimental results and code predictions from Eurocode 4, ACI-
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318, and AISC-LRFD (AISC), underscoring the need for improved confinement modeling. Similarly, Horsangchai 

and Lenwari (2020) assessed the performance of AISC 360-16 and Eurocode 4, noting AISC’s conservative nature 

for circular columns and limitations in Eurocode's simplified methods for square sections beyond specified ranges. 

Mahmoud et al. (2022) further highlighted Eurocode 4’s relative reliability compared to other codes in predicting 

axial capacity, advocating refinements in national design practices. 

In contrast, the Bangladesh National Building Code (BNBC 2020) offers limited direct provisions for CFST 

columns and primarily references external standards, notably AISC 360. This reliance neglects the specific 

behavioral characteristics of composite sections and local construction conditions, resulting in conservative designs 

that may lead to material overuse and higher costs. The lack of indigenous guidelines on confinement effects and 

composite action reduces the efficiency of CFST applications in Bangladesh (Islam, 2021). 

Considering the growing interest and use of CFST systems in Bangladesh, there is a pressing need to evaluate 

BNBC 2020’s adequacy through comprehensive comparative assessment against international codes. Such 

evaluation identifies discrepancies in axial load prediction and examines underlying factors, including confinement 

modeling differences and safety factor approaches. Research strongly supports updating BNBC provisions to align 

more closely with global best practices, thereby enabling safer, more economical, and technically optimized CFST 

column designs to support Bangladesh’s developing infrastructure.  

 

2 Database Development 

 

This study involves the development of a comprehensive database compiled through an extensive review of highly 

cited experimental studies on CFST columns. A total of 1,229 test results were gathered from 134 published 

sources, covering a broad spectrum of geometric and material properties. The collected data spans a wide range of 

parameters, including column diameters from 60.00 mm to 1100 mm, steel tube thicknesses between 0.52 mm and 

23.01 mm, diameter-to-thickness ratios (D/t) ranging from 8.37 to 319.09, and length-to-diameter ratios (L/D) 

from 0.81 to 4.00. Additionally, concrete compressive strength values (𝑓c
′) vary from 8.0 MPa to 194 MPa, while 

the yield strength of the steel tubes (𝑓y) ranges between 176.00 MPa and 1233.00 MPa. To maintain a focus on 

short column behavior under concentric loading, test specimens with L/D ratios exceeding 4.0 were excluded from 

the dataset. This diverse and carefully filtered database provides a solid foundation for evaluating the predictive 

accuracy of various international design codes. 

 

Figure 1 presents the range and distribution of the key parameters included in the database, along with the number 

of data points available for each. This visual summary helps convey the diversity and coverage of the dataset used 

in the study. It clearly illustrates how the input variables vary across the collected tests, offering a better 

understanding of the dataset's scope. The figure also highlights the minimum and maximum values for each 

parameter, giving a comprehensive view of the data span considered for the analysis and model development. 

 

 
                   (a) Number of data based on section size (mm)               (b) Number of data based on D/t ratio 
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            (c) Number of data based on L/D ratio               (d) Number of data based on yield strength of steel (MPa) 

 

 
(e) Number of data based on concrete compressive strength (MPa) 

 

Figure 1. Analysis of test data of circular CFST columns with the rages of different parameters 

 

3 Evaluation of Existing Design Codes 

 

Having outlined the key features and provisions of the international design codes previously discussed—such as 

Eurocode 4, ACI and AS2327—this section focuses on evaluating their predictive accuracy and reliability in 

estimating the axial capacity of CFST columns. The evaluation is based on the experimental database compiled 

earlier, which covers a broad range of geometric and material properties. By comparing the code-based predictions 

with the actual test results, the strengths and limitations of each code become evident. This assessment not only 

highlights variations in conservatism and accuracy but also identifies areas where certain codes may overestimate 

or underestimate column capacity. The insights gained from this evaluation are crucial for determining the 

suitability of these codes for local adaptation and for informing potential updates to BNBC 2020. 

According to Eurocode 4 (EN 1994-1-1), the axial load-carrying capacity of a Concrete-Filled Steel Tube (CFST) 

column under concentric compression is calculated using a simplified method that considers the combined 

contribution of the steel tube and the infilled concrete. 

𝑁u =  ηa(𝑓y𝐴s) + ηc(𝑓c′𝐴c)                                                                                                                                      (1) 

The limitations of applying this equation as follows- 

i) 𝐷/𝑡 ≤ 90 × 235/𝑓y ii) 20 ≤ 𝑓c′ ≤ 60 and iii) 235 ≤ 𝑓𝑦 ≤ 460    

 

According to ACI code the axial capacity can be calculated as below- 

𝑁ACI =  0.85𝑓c′𝐴c +  𝑓y𝐴s                                                                                                                                       (2) 

The limitations includes- 

𝑖) 𝐷/ 𝑡 ≤  √8𝐸s/𝑓y and ii) 𝑓c′ ≥  17.20 

According to AS2327, 
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𝑓𝑐,𝑚𝑖 = 0.9(1.2875 − 0.001875𝑓𝑐
′)𝑓𝑐

′ (MPa)

𝐸𝑐 = {
𝑝𝑐
1.50.043√𝑓𝑐,𝑚𝑖 , 𝑓𝑐,𝑚𝑖 ≤ 40MPa

𝑝𝑐
1.5(0.024√𝑓𝑐,𝑚𝑖 + 0.12), 𝑓𝑐,𝑚𝑖 > 40MPa

 

with 𝑝𝑐 in t/m3 if preferred; use the same units convention as in your code (e.g., 𝑝𝑐 = 2400 ). 

(𝐸𝐼)eff = 𝐸𝑠𝐼𝑠 + 𝐸𝑐𝐼𝑐 
Member slenderness and stability reduction factors 

𝑁𝑠 = 𝑘𝑓𝐴𝑠𝑓𝑦 + 𝐴𝑐𝑓𝑐
′(N),𝑁𝑐𝑟 =

𝜋2(𝐸𝐼)eff
𝐿2

( N).

𝜆 = √
𝑁𝑠
𝑁𝑐𝑟

, 𝜂𝑠 = 0.25(3 + 2𝜆), 𝜂𝑐 = 4.9 − 18.5𝜆 + 17𝜆
2.

 

 

Axial design resistance in N (short-to-slender CFST, AS 2327 form) 

𝑁𝑢 = 𝑘𝑓𝜂𝑠𝐴𝑠𝑓𝑦 + 𝐴𝑐𝑓𝑐
′ [1 + 𝜂𝑐

𝑡𝑓𝑦

𝐷𝑓𝑐
′]                                                                                                                    (3) 

 

 
(a) EC4 code and                                                                (b) ACI code 

 
(c) AS2327 code and                                                                (d) BNBC (2020) code 

Figure-2: Prediction of different existing design codes for circular columns. 

 
According to BNBC (2020), the axial capacity of CFST column under compression can be determined by using 

Eq. 4. 

𝑁c,BNBC = {
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 (4) 

                                                                                
The summation of individual capacity of concrete and steel is denoted by 𝑃o and it is determined by, 

𝑃o = 𝐴s𝑓y + 𝐶2𝐴c𝑓c
′                                                                                         

 

Where, 𝐶2 = {
0.95                      for circular CFST columns        
0.85                      for rectangular CFST columns 
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𝑃e =
𝜋2(𝐸𝐼eff)

(𝐾𝐿2)
  

 

Where, 𝐸𝐼eff is the effective stiffness of CFST columns, L is the length of the columns and K is the column effective 

length factor.  

The effective stiffness for the CFST columns is determined by,  

𝐸𝐼eff = 𝐸s𝐼s + 𝐶3𝐸c𝐼c   

Where, 𝐸s = modulus of elasticity of steel; 𝐼s = moment of inertia of steel shape;  𝐸c = modulus of elasticity of 

concrete = 0.043𝑤c
1.5√𝑓c

′; 𝑤c = 2400 kg/m3; 𝐼c = moment of inertia of the concrete section; 

𝐶3 = 0.6 + 2 (
𝐴s

𝐴s+𝐴c
) ≤ 0.9; 𝐴s = cross-sectional area of steel tube and 𝐴c = cross-sectional area of concrete 

section. 

 

The predicted ultimate capacity of the CFST column is determined by using above equations and then compared 

with the ultimate capacity (Nue) of the test data. The comparison of predicted results and the test data is illustrated 

in Figure 2 with respect to confinement and diameter of the columns. From the analysis, it is noticed that mean 

(μm) values are 0.997, 0.777,0.743 and 0.816 whereas the standard deviation (SD) values are 0.108, 0.082, 0.104 

and 0.089 respectively for EN 1994-1-1, ACI, AS2327 and BNBC (2020) for the circular columns under 

compression. 
 

4 Proposal of Revision of BNBC (2020) 

 

From the evaluation it was noticed that the axial capacity increases with the increase of confinement for Euro code 

4 (EC4) which means the over considerations of confinement. On the other hand, all other three codes such as 

AS2327, ACI and BNBC codes give much lower prediction for the higher confinement factor. This is due to the 

ignorance of the condiment effect for the steel tube. Therefore, it is important to consider the confinement factor 

accurately to predict the ultimate capacity of the columns. In this study, the axial load-carrying capacity of circular 

CFST columns subjected to concentric compression is enhanced by introducing a modification factor, 𝛾c, while 

keeping the original formulation provided in the BNBC code. This coefficient, derived through non-linear 

regression analysis, is presented in Eq. (5) and is expressed as a function of the confinement factor. 

 

𝛾c =

{
 
 

 
 1.32 (

𝑡𝑓y

𝐷𝑓c
′
)

0.05

                             
𝑡𝑓y

𝐷𝑓c
′
≤ 0.45
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𝑡𝑓y

𝐷𝑓c
′
)

0.05

                             
𝑡𝑓y

𝐷𝑓c
′
> 0.45

 (5) 

The new modified equation for computing the ultimate capacity of CFST columns is expressed in Eq. (6). 

 

𝑁c,pro. = 𝛾c {

0.877𝑃e                              𝑃e < 0.44𝑃o

𝑃o (0.658
(
𝑃o
𝑃e
)
)                𝑃e ≥ 0.44𝑃o

 (6) 

 

5 Verification of Proposed Modified Design Code 

 

In this section, the refined BNBC code is verified with the assembled test data. The accuracy of the modified design 

equation is demonstrated in Figure 3 with the other codes. From the comparison, it is worth noting that the overall 

performance of the modified BNBC code is well agreed with the test data. The mean (μm) value is 1.009 for the 

circular columns under compression for proposed BNBC (2020) which is better than the other codes. It is also 

noticed that confinement has been considered accurately. Also, the size effect has been accurately considered for 

circular CFST columns which is great achievement for the higher section. Figure 4 shows the comparison of refined 

BNBC code with the other existing codes and found that the refined BNBC code gives much better prediction 

accuracy than the other codes. EC4 gives better results comparatively but it gives unsafe prediction for the lower 

confinement factor.    

 



M. R. Rahman, M. S. Joy & B. Ahmed 

ICCEI 2025 
 

495 

 
(a) Zoom out                                                                                  (b) Zoom in 

Figure 3: The verification of refined BNBC code with the test results for circular CFST columns 

 
(a) Zoom out                                                                                  (b) Zoom in 

Figure 4: Compared refined BNBC code with the existing design codes. 

6 Conclusions 

This study compared the axial capacity predictions of circular concrete-filled steel tube (CFST) columns using 

four international design codes: ACI, AS2327, EC4, and BNBC (2020). Notable differences were observed in the 

level of conservatism and accuracy across these standards. To improve the predictive performance of BNBC 

(2020), a modified design approach was proposed, incorporating enhanced confinement effects and material 

interaction. The results showed that the modified BNBC formulation provides significantly better agreement with 

experimental data compared to the original BNBC and other international codes, demonstrating its potential for 

more accurate and reliable CFST column design in practical applications. 
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