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Abstract – While earlier research has used sparse and imprecise data to study the load-carrying capacity 

(LC) prediction of fiber-reinforced polymer (FRP)-confined concrete-filled steel tube (CFST) compression 

members (SFC), no study has examined the predictive accuracy of different modeling approaches using an 

extensive and refined database. The purpose of this work is to present an analytical model for LC prediction 

of SFC compression members. The confinement mechanics of steel tubes and FRP wraps are included in 

the model, which was created using a database of 712 samples. The analytical model yields precise 

predictions by considering the lateral confinement mechanism of SFC columns. For the LC of SFC 

columns, statistical metrics of MAE = 427.23, MAPE = 283.65, R2 = 0.815, RMSE = 275.43, and a20-

index = 0.73 are obtained by evaluation using the experimental database. 
 

Keywords – CRFP, CFST, Analytical Model, Load-Carrying Capacity. 

I. INTRODUCTION 

When restricted with steel tube (ST) and fiber-reinforced polymers (FRP), concrete compression members 

demonstrate remarkable mechanical performance and adaptability. In civil engineering projects involving 

long-span bridges and multistory buildings, these members come highly recommended. Because of its 

various qualities, including superior mechanical qualities, resistance to high temperatures, great durability, 

low maintenance costs, and good resistance to corrosive environments, stainless steel is typically used over 

carbon steel in the manufacturing of concrete. When externally confined, stainless steel provides concrete 

compression members with higher axial compressive strength. But when these members potentially buckle, 

the effectiveness of stainless steel is undermined, which lowers the material's ductility and load-bearing 

capability. It is advised to use FRP sheets to reduce lateral buckling by offering more lateral confinement, 

which will increase the axial stiffness of the ST and solve these problems. Concrete compression members' 

ductility and axial compression strength are both significantly increased with improved confinement, which 

enhances the seismic performance of the components. 

The axial compressive performance of conventional ST and/or stainless-ST compression members exposed 

to confinement with and without FRP wraps has been evaluated through a number of experimental 
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investigations. The axial strength and strain of concrete compression members with improved confinement 

from the combination of FRP and ST, which increases the core resistance against lateral buckling, have 

been significantly improved, according to these investigations. Compression members have more ductility 

and load-bearing strength as a result of this enhancement. The interdependency between confining stresses 

and strains is demonstrated by the changes in the confined concrete microstructure brought about by 

confinement, which affect both the confined concrete stress and splitting cracking in the core concrete. 

However, due to noisy results and a small dataset, analytical modeling estimates have not been precise 

enough to describe the complexity of several factors of FRP-confined concrete compression components. 

Consequently, a substantial experimental record encompassing a range of factors for FRP-confined samples 

is needed to obtain reliable estimates from analytical models.The load-carrying capacity (LC) of FRP-

confined CFST compression members (SFC) was estimated using restricted experimental data in earlier 

analytical models, which did not sufficiently account for the factors unique to FRP confinement, such as 

the interaction between the FRP wraps, ST, and concrete. Therefore, more study will be needed to create a 

more thorough model that can estimate the load-bearing capacity of SFC compression members. Regression 

analysis-based analytical modeling with an experimental database was utilized by the authors of this study 

to assess the SFC compression members' performance. An analytical model that takes into account all of 

the FRP and ST confining mechanisms as well as a database of 712 FRP-confined samples was suggested 

to predict the LC of SFC compression components. 

II. ANALYTICAL MODELLING 

a. DATABASE 

Table 1 provides the database gathered from various experimental tests conducted on the FRP-confined 

concrete specimens. Different parameters of FRP-confined samples were considered such as diameter of 

sample (𝐷), height of sample (𝐻), confined concrete compressive strength (𝑓𝑐𝑐
′ ), elastic modulus of FRPs 

(𝐸𝑓), unconfined concrete compressive strength (𝑓𝑐𝑜
′ ), unconfined concrete strain (𝜀𝑐𝑜), thickness of FRP 

sheets (𝑛𝑡), and confined concrete strain (𝜀𝑐𝑐). Steel tube confinement was considered in the form of 

external pressure mechanics of compressive samples. The validation of proposed model was carried out 

based on the database of 325 CFST columns (presented in Table 2). Where 𝑓𝑓 is the tensile strength of FRP 

sheets, 𝜀𝑠 is the strain of steel tube, 𝜀𝑓 is the strain of FRP sheets, 𝐴 is the cross-sectional area of column, 

𝑡𝑠 is the thickness of steel tube, 𝑓𝑠 is the yield strength of steel tube, and 𝑃 is the axial load-carrying capacity 

of CFST column. 

Table 1. Database for FRP-confined samples 

Parameter 
𝑫 𝑯 𝒏𝒕 𝑬𝒇 𝒇𝒄𝒐

′  𝒇𝒄𝒄
′  𝜺𝒄𝒐 𝜺𝒄𝒄 

(mm) (mm) (mm) (GPa) (MPa) (MPa) (%) (%) 

MIN 51 102 0.09 10 12.41 18.5 0.1676 0.083 

MAX 406 812 5.9 663 188.2 302.2 1.53 4.62 

Mean 153.37 306.94 0.88 172.03 41.97 75.58 0.27 1.52 

St.Dev 42.99 85.99 1.04 119.61 22.47 35.17 0.14 0.86 

COV 0.29 0.29 1.19 0.7 0.54 0.47 0.52 0.57 
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Table 2. Database for CFST columns 

Parame

ter 

𝑨 

(mm2) 

𝑯 

(mm) 

𝒇𝒄𝒐
′  

(MPa) 

𝒕𝒔 

(mm) 

𝒇𝒔 

(MPa) 

𝜺𝒔 

(%) 

𝒇𝒇 

(MPa) 

𝑬𝒇 

(GPa) 

𝜺𝒇 

(%) 

𝒏𝒕 

(mm) 

𝑷 

(kN) 

MIN 7200 300 28 0.67 1.23 0.01 250 13.9 0.01 0 478 

MAX 
12560

0 
2000 140 8.8 729.7 5 4598 272.9 4.56 30 9358 

Mean 
21700.

69 

488.4

7 
48.37 4.29 329.43 0.48 

3076.5

6 
184.08 0.75 1.28 

2154.

03 

St.Dev 
21310.

16 

293.2

6 
27.13 1.96 150.36 1.12 

1156.0

7 
86.14 0.9 2.81 

1742.

76 

COV 0.98 0.6 0.56 0.46 0.46 2.33 0.38 0.47 1.2 2.2 0.81 

 

III. ASSESMENT OF PREVIOUS MODELS 

An extensive assessment of the literature indicates a deficiency of studies on the use of analytical models 

to assess the load-carrying capacity (LC) of SFC compression components. Traditionally, finite element 

analysis (FEA) results or tiny experimental databases have been the basis for existing models [29], 

frequently with incomplete consideration of the confining mechanism. But this work presents a new 

analytical model that is based on a large experimental database with 325 samples. The model considers the 

potential confining effect of ST, CFRP wraps, and their axial effects. 

The database was created with research that had already been published and was updated to eliminate noisy 

datasets that could cause errors in the best-fit curves that were greater than 20%. Using the created database, 

a number of analytical models [38–43] that have previously been applied to restricted concrete samples 

were examined for correctness and generic form. The stress-path of the confining material has a major 

impact on the strength of confined concrete, which is concrete that is contained within a ST. There is a lag 

between the confining strain and the axial strain and stress in stiffer concrete as compared to normal strength 

concrete because stiffer concrete shows slower fracture propagation for different concrete strengths. 

By taking into account the compression strength of the core concrete with CFRP wraps, the LC of SFC 

compression members may be approximated using the external confining mechanism of ST. The 

established database is consulted in order to determine the axial compression strength of core concrete with 

CFRP layers (𝑃𝑐𝑐). Analytical formulas are employed to find the LC with the external restricting action of 

ST (𝑃𝑠𝑡). The created database was used to assess the chosen analytical models for the LC of CFRP-

confined concrete [38–43]. In the end, this method aids in improving the model's form using a number of 

statistical variables, which are derived from Equations (1-5) and include mean absolute error (MAE), 

determination coefficient (R2), root mean squared error (RMSE), and a20-index. Here, n indicates the total 

number of samples, 𝑥𝑖 represents the experimental results, and 𝑦𝑖 denotes the estimated results. 

𝑀𝐴𝐸 =
1

𝑛
∑|𝑥𝑖 − 𝑦𝑖|

𝑛

𝑖=1

 (1) 

𝑅2 = (
𝑛(∑ 𝑥𝑖𝑦𝑖

𝑛
𝑖=1 ) − (∑ 𝑥𝑖

𝑛
𝑖=1 )(∑ 𝑦𝑖

𝑛
𝑖=1 )

√[𝑛 ∑ 𝑥𝑖
2𝑛

𝑖=1 − (∑ 𝑥𝑖
𝑛
𝑖=1 )2][𝑛 ∑ 𝑦𝑖

2𝑛
𝑖=1 − (∑ 𝑦𝑖

𝑛
𝑖=1 )2]

)

2

 (2) 

𝑀𝐴𝑃𝐸 =
1

𝑛
∑ |

𝑥𝑖 − 𝑦𝑖

𝑥𝑖
|

𝑛

𝑖=1

 (3) 
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𝑅𝑀𝑆𝐸 = √
1

𝑛
∑(𝑥𝑖 − 𝑦𝑖)2

𝑛

𝑖=1

 (4) 

𝑎20 − 𝑖𝑛𝑑𝑒𝑥 =
𝑁20

𝑛
 (5) 

The number of samples where the "experimental value" to "predicted value" ratio is between 0.80 and 1.20 

is indicated by the notation 𝑁20. It is significant to remember that the a20-index would be 1 in a perfect 

prediction model. The suggested a20-index indicates the proportion of samples in which the expected 

values differ by ±20% from the experimental values, offering a useful engineering interpretation. 

The strength model suggested by Lam and Teng [47] produced the best results over the experimental 

dataset, with an R2 of 0.903 and an RMSE of 0.244, after the other models under examination were 

compared. As a result, this strength model has been used for regression analysis as well as curve fitting, 

producing the best results for the LC of SFC compression members. The results of the various models' 

assessments are shown in Figure 1.  

 

Figure 1. The performance evaluation of various models 

IV. PROPOSED MODEL 

The LC of SFC compression members (𝑃𝑛) can be computed by adding the axial compression strength 

sourced from the external confinement from the ST (𝑃𝑠𝑡) and axial compressive strength of core concrete 

subjected to confining action given by CFRP sheets (𝑃𝑐𝑐). 

𝑃𝑛 = 𝑃𝑐𝑐 + 𝑃𝑠𝑡 (6) 

  

The axial compression strength of concrete can be defined as 𝑃𝑐𝑐 = 𝐴𝑐𝑐𝑓𝑐𝑐
′ , where 𝐴𝑐𝑐 designates the core 

concrete area confined with CFRP layers while 𝑓𝑐𝑐
′  presents the compression strength of concrete core. Eq. 

(7) reports the form of the recently established model for the axial compression strength of core concrete 

having CFRP wraps. 

𝑓𝑐𝑐
′ = 𝑓𝑐𝑜

′ + 𝑘𝑓𝑐𝑜
′1−𝑛

𝑓𝑙
𝑛

 (7) 
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0
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Here 𝑓𝑙 represents the ultimate confinement stress as proved to the core concrete by CFRP wraps. The 

calibrated k and n values of the constants were discovered by using MATLAB to minimize the statistical 

concerns and to find the best fit curve (R2) over the dataset. According to the results of the regression 

analysis, 𝑘 had a value of 3.1 and 𝑛 was 0.83. The final expression of the expression for the axial 

compression strength of core concrete under CFRP confinement is shown in Eq. (8). 

𝑓𝑐𝑐
′ = 𝑓𝑐𝑜

′ + 3.1𝑓𝑐𝑜
′0.22

𝑓𝑙
0.83

 (8) 

  

Figure 2 shows the model's performance over the created experimental dataset, with RMSE = 0.18 and R2 

= 0.94. These parameters show that this model produced better outcomes than the previously employed 

models. 

 

Figure 2. Evaluation of proposed strength model for FRP-confined concrete strength (fcc
′ ). 

Hence, to better understand the behavior of axial compression strength of core concrete under CFRP wraps 

(𝑃𝑐𝑐) Eq. (9) can be referred: 

𝑃𝑐𝑐 = 𝐴𝑐𝑐[𝑓𝑐𝑜
′ + 3.1𝑓𝑐𝑜

′0.22
𝑓𝑙

0.83] (9) 

 

Likewise, to evaluate the axial compression strength with the external confining mechanism from the ST 

(𝑃𝑠𝑡) Eq. (10) can be used which acknowledges both the strain hardening as well as the resistances of ST 

subjected to the axial shortening by adopting the continuous strength approach [29, 48, 49]. 

𝑃𝑠𝑡 = 𝐴𝑠𝑡𝜎𝐿𝐵 (10) 

  

In this equation, 𝐴𝑠𝑡 expresses the ST cross-sectional area whereas 𝜎𝐿𝐵 presents stress explaining the 

localized buckling action of the tube. Characteristics of the strain hardening characteristics of ST primarily 

support the influence of ST in the LC and ductility of SFC compression members [50]. The parameter 𝜎𝐿𝐵 

can be obtained with following expressions [49]: 

𝜎𝐿𝐵 = 𝐸𝜀𝐿𝐵

𝜀𝐿𝐵

𝜀0.2
< 1.0 (11) 

𝜎𝐿𝐵 = 𝜀0.2 + 𝐸𝑠ℎ𝜀0.2(
𝜀𝐿𝐵

𝜀0.2
− 1)

𝜀𝐿𝐵

𝜀0.2
≥ 1.0 (12) 

  

In this equation, 𝜀𝐿𝐵 defines the local buckling action, 𝐸 depicts the elasticity and 𝜀0.2 represents the 2% 

strain of the tube. Similarly, 𝐸𝑠ℎ explains the elasticity of ST observed while the biaxial strain hardening 
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process is executed. Buchanan and Gardner [49] followed a model to develop the association of deformation 

capacity (𝜆𝑐) with the cross-sectional slenderness of tube and is expressed by Eq. (13). 

𝜀𝐿𝐵

𝜀0.2
=

4.44 × 10−3

𝜆𝑐
4.5 ≤ 𝑚𝑖𝑛𝑖𝑚𝑢𝑚(15,

0.1𝜀𝑢

𝜀0.2
) 

(13) 

  

Here, 𝜀𝑢 defines the highest strain of the ST. To conclude, the established model for the LC of SFC 

compression members can be described by Eq. (14) which explicitly considers the axial impact of ST, 

CFRP wraps, and their confining actions. 

𝑃𝑛 = 𝐴𝑐𝑐𝑓𝑐𝑐
′ + 𝐴𝑠𝑡𝜎𝐿𝐵 = 𝐴𝑐𝑐[𝑓𝑐𝑜

′ + 3.1𝑓𝑐𝑜
′0.22

𝑓𝑙
0.83] + 𝐴𝑠𝑡𝜎𝐿𝐵 (14) 

The proposed analytical model for predicting the LC of SFC columns showed the statistics with a20-index 

of 0.73, an RMSE of 275.43, an MAE of 427.23, R2 of 0.815, and a MAPE of 283.65 based on the 

experimental database of 325 SFC compression members. Figure 3 shows the predictions of proposed 

analytical model (Eq. 14) for LC of SFC compression members. 

  

 

Figure 3. Predictions for the proposed model for LC of SFC columns 

 

V. CONCLUSION 

The purpose of this study was to forecast the load-carrying capacity (LC) of concrete-filled (SFC) 

compression members with fiber-reinforced polymer (FRP) confined steel tube (ST). With the use of a 

sizable experimental dataset of 712 samples, it carried out a thorough analytical modeling backed by 

regression analysis and curve fitting. Based on confinement mechanics and several previously used models 

for CFRP-confined strength over the dataset, the analytical model used for the LC of the SFC columns was 

created. With an a20-index of 0.73, an RMSE of 275.43, an MAE of 427.23, and a MAPE of 283.65, the 

model demonstrated good agreement with the experimental results. The constraining action of both CFRP 

wraps and ST was explicitly considered in this model, which shows improved accuracy over earlier models.  
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