
 

1 

 

Civil Engineering Infrastructures Journal xx,xx 

DOI: 10.22059/ceij.2026.409331.2472 

 

 

 

Seismic Response Analysis of Concrete-Filled Steel Tubular T-Joints 

Under Repeated Loading Conditions 

 

Taghi Mofid1*, Al-Sharea2 

 

1 Assistant Professor, Department of Civil Engineering, Urmia University of Technology, Urmia, Iran 

2 Master's graduate, Department of Civil Engineering, Urmia University of Technology, Urmia, Iran  

*Corresponding Author: Mofid.t@uut.ac.ir 

*Corresponding Author ORC ID : https://orcid.org/0000-0002-0498-2553 

 

Received: 03/01/2026      
Revised: 03/05/2026       
Accepted: 05/08/2026 

 

 

 

Abstract 

Concrete-filled steel tubular (CFST) T-joints are advanced structural components used in bridges, 

offshore platforms, and high-rise buildings. This study conducted a parametric analysis on eight 

square-section CFST T-joints under seismic loading using Abaqus software. The numerical 

models were validated against experimental data from the literature, showing good agreement 

(within 6.2% for ultimate load). The hysteresis behavior was evaluated based on ultimate load, 

deflection, stiffness, ductility (μ=2.8–4.2), and energy dissipation (ζhyst=8.5–12.3%). Key 

parameters investigated included core concrete strength (30–60 MPa), brace wall thickness (4.2–

6 mm), and brace section dimension (60–100 mm). Results indicate that increasing the brace 

dimension by 66% raises ultimate capacity by 67% and reduces maximum displacement by 39–

55%. In contrast, a 43% increase in brace wall thickness yields only a 7.5% capacity gain. 

Doubling concrete strength increases capacity by 11%. The novel contribution of this study is the 

systematic comparison of these three design parameters, revealing that brace dimension is the most 

effective variable for enhancing seismic performance. Thus, the most effective measures for 

improving load-bearing capacity are, in order: increasing the brace dimension increasing concrete 

strength increasing brace wall thickness. 
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Nomenclature:  

b₀ = chord width (mm)    

b₁ = brace width (mm)   t₀ = chord wall thickness (mm)   

  = concrete compressive strength (MPa) cuf t₁ = brace wall thickness (mm)   

L₀ = chord length (mm)   μ = ductility index   

L₁ = brace length (mm)   (%) = equivalent viscous damping ratio hystζ_ 
 

1. Introduction 

Concrete-filled steel tubular (CFST) members have become integral components in the 

construction of modern infrastructure, prominently featuring in long-span bridges, high-rise 

buildings, and advanced truss systems (Ali & Mahdi, 2025; Liang & Han, 2025). Their composite 

nature, melding the compressive strength of concrete with the ductile properties of steel, confers 

significant structural advantages, including (Labibzadeh et al., 2024; Xiong et al., 2025). Among 

CFST applications, T-joints play a pivotal role, where the performance of these connections 

significantly influences both structural safety and engineering costs (Ghandi et al., 2025; Xie et 

al., 2025). These joints are formed by connecting steel tubes filled with concrete, creating a 

composite system that combines the high strength and ductility of steel with the durability and fire 

resistance of concrete (Ghassemieh et al., 2017; Xiong et al., 2024). The performance of CFST 

joints is influenced by various factors including the material properties of steel and concrete, joint 

geometry, and construction details. Proper design and detailing of CFST joints are essential to 

ensure the overall structural integrity and load-carrying capacity of CFST structures. The behavior 

of CFST joints under different loading conditions, such as axial compression, bending, and seismic 

forces, can significantly affect the overall performance and safety of CFST structures. Therefore, 

a comprehensive understanding of the behavior and design principles of CFST joints is crucial for 

the successful implementation of CFST structures in various engineering applications.  

Accordingly, understanding the seismic behavior of CFST joints, particularly under reversed 

cyclic loading representative of earthquake actions, is thus vital for the safe and cost-effective 

design of critical structures. Understanding the cyclic degradation behavior of structural 

components under reversed loading is essential for seismic design. In this regard, experimental 

studies on reinforced concrete members (Mofid & Tavakoli, 2021, 2023; Omranian et al., 2023) 

have provided valuable insights into stiffness degradation and energy dissipation under periodic 

loading, which are also relevant to CFST joints subjected to seismic actions. While numerous 

experimental and analytical studies have been conducted to evaluate their static performance, there 

remains a pressing need for comprehensive numerical investigations that capture the complex, 

hysteretic, and nonlinear responses of CFST joints during strong ground motions. For composite 

and hybrid structural systems, including CFSTs, seismic demands are further complicated by the 

interaction of constitutive behaviors (e.g., concrete cracking, steel yielding, bond-slip phenomena), 

as well as by the influence of joint geometry, material nonlinearity, and local failure mechanisms 

(Abedini et al., 2025; ISLAM et al., 2024; SHAHRIARI & JAVAHERI, 2017; Zhang et al., 2024). 
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Recent studies have highlighted the need for three-dimensional, nonlinear finite element models 

that can accommodate the multiaxial stress interactions and hysteretic energy dissipation 

characteristic of actual earthquake scenarios. CFST T-joints are subjected to complex internal 

forces during seismic events, including bending, shear, and axial loads. The steel tube provides 

confinement to the concrete core, delaying local buckling and enhancing ductility, while the 

concrete core shares compressive stresses and restrains inward buckling of the steel wall. Under 

cyclic seismic loading, this composite action is mobilized repeatedly, leading to cumulative 

damage in both materials. The flexural capacity of the chord, which is central to T-joint 

performance, is especially critical as it dictates the ability of the joint to sustain inelastic 

deformations without catastrophic failure. CFST T-joints are widely used in practical engineering 

applications, including offshore platform structures, long-span bridge trusses, high-rise building 

moment-resisting frames, and wind turbine support towers. In these applications, the joints are 

often subjected to reversed cyclic loading during seismic events, making their hysteretic behavior 

and energy dissipation capacity critical for overall structural safety. The remainder of this paper is 

organized as follows. Section 2 presents a critical review of previous studies on CFST joints. 

Section 3 describes the numerical modeling methodology, including material properties, element 

selection, contact definitions, and boundary conditions. Section 4 validates the numerical model 

against experimental data. Section 5 presents the parametric analysis results, including the effects 

of concrete strength, brace wall thickness, and brace dimension on hysteresis behavior, ductility, 

and energy dissipation. Section 6 discusses the practical implications, compares results with design 

codes, and identifies study limitations. Finally, Section 7 summarizes the main conclusions and 

recommendations for future work. 

 

2. Literature Review 

The behavior of Concrete-Filled Steel Tubular (CFST) joints, particularly T-joints, has been the 

subject of numerous experimental, numerical, and analytical studies. This section critically 

reviews previous research, organized thematically, to identify the research gap addressed by the 

present study. 

 

2.1 Experimental studies on CFST joints 

Early experimental investigations focused on the static and fatigue behavior of hollow section 

joints, establishing a baseline for understanding the role of concrete infill. Mashiri and Zhao 

(Mashiri & Zhao, 2010) conducted fatigue tests on square hollow section (SHS) T-joints with 

concrete-filled chords. Their key finding was that cracking initiates at the weld toe between the 

brace and chord under in-plane tensile fatigue loading, and that concrete infill significantly delays 

crack propagation. Huang et al. (Huang et al., 2018) experimentally investigated the joint 

resistance and failure modes of CFST truss girders. They found that concrete filling prevents chord 

face failure, shifting the failure mode to punching shear, thereby increasing the joint capacity. 

Yang et al. (Yang et al., 2024) tested 12 T-shaped composite joints with double-skin concrete-

filled chords and hollow braces. Their results showed that increasing the brace-to-chord diameter 
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ratio (β) from 0.3 to 0.5 significantly increased the load-bearing capacity of the specimens, 

highlighting the importance of brace dimension. 
 

2.2 Numerical and analytical modeling approaches 

Numerical simulations have been widely used to complement experimental studies and to explore 

a wider range of parameters. Nassiraei et al. (Nassiraei et al., 2016) performed numerical analyses 

on T- and Y-shaped CFST joints with collar plate reinforcements. They concluded that the ratio 

of brace diameter to chord diameter (β) and the brace-to-chord thickness ratio (τ) have a significant 

impact on the ultimate strength and failure mode of reinforced connections compared to 

unreinforced ones. Xie et al. (Xie et al., 2019) developed a finite element (FE) model of a CFST 

K-joint and studied its ultimate bearing capacity. Their results revealed that the load-displacement 

curves of CFST K-joints can be divided into three distinct stages: elastic, elastic-plastic, and 

failure. Montuori et al. (Montuori et al., 2024) introduced a new FE modeling approach to simulate 

the behavior of CFST members under cyclic bending. Their proposed model was able to accurately 

detect failure, the number of cycles leading to failure, and subsequent failure modes, demonstrating 

the capability of advanced FE methods for seismic simulations. In the context of seismic analysis, 

the rotational component of ground motion has been recognized as a critical factor in crack 

propagation studies, as shown in the dynamic analysis of RCC dams (Tavakoli et al., 2023). 

Although focused on dams, such findings underscore the need for comprehensive seismic models 

that incorporate multi-component ground motions in the assessment of CFST joints. 
 

2.3 Design code comparisons and analytical models 

Several studies have compared the predictions of different design codes and proposed analytical 

models for CFST members. Hassam et al. (Hassam et al., 2024)presented a comparative analysis 

of different CFST strengthening schemes, evaluating the design methods specified in AISC (2016), 

EC4 (2004), CECS (2004), and GB (2019) codes. They found significant discrepancies among 

code predictions, particularly for special-shaped CFST sections. Lan et al. (Lan et al., 2024) 

provided a comprehensive review of computational methods for key parameters of force-

displacement relationships in CFST beam-column connections. Their key conclusion was that no 

single method can accurately calculate the deformation capacity of all connection types, indicating 

the need for further research. Pinto and Fonseca (Pinto & Fonseca, 2024) investigated the 

mechanical behavior of high-strength CFST members, clarifying the important role of the steel 

tube in creating passive confinement that limits crack propagation and increases concrete ductility. 
 

2.4 Research gap identified from the literature 

Despite the substantial body of research summarized above, several critical gaps remain. First, 

most numerical studies on CFST T-joints have focused on static or monotonic loading, with limited 

attention to full reversed cyclic loading representative of earthquake actions. Second, while 

individual parameters such as concrete strength or brace thickness have been studied, a systematic 

comparison of the relative effectiveness of different design parameters (brace dimension, wall 

thickness, concrete strength) on the complete hysteresis response (including ductility and energy 
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dissipation) is lacking. Third, few studies have quantified key seismic performance indicators such 

as the ductility index (μ) and equivalent viscous damping ratio (ζhyst) for CFST T-joints. Fourth, 

the interaction effects between parameters (e.g., whether the benefit of larger brace dimensions is 

amplified by thicker steel walls) have not been thoroughly examined. The present study addresses 

these gaps by conducting a parametric numerical investigation of eight CFST T-joint models under 

cyclic loading, with a focus on extracting hysteresis parameters, comparing parameter 

effectiveness, and providing practical design recommendations. 

 

 

 

 

3. Numerical Analysis Methodology 

The T-shaped connection model under investigation was inspired by the connections of large 

bridges. The general view of this connection and the details of the T-shaped connection are 

presented in Figures 1 and 2. 

 

 
Figure 1. Overview of the CFST T-joint used in the bridge structure  

 

 

CFST T-joint 
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Figure 2. Geometry details of T-joint with square cross-section in chord and brace 

 

It should be noted that the brace (vertical member) and chord (horizontal member) sections in this 

joint are made of steel and both are hollow. The aim of this study is to model the change in behavior 

and load-bearing capacity of the joint by embedding the concrete element section inside the steel 

element. Abaqus/CAE FE software was used to model and analyze the joint. In this analysis, two 

types of failure modes were considered, both of which can be captured:  

 Ductile failure mode: In this mode, only tensile members are considered in the failure 

mechanism. In this scenario, the forces associated with the members effective in the failure 

mechanism are calculated through equilibrium and plasticity relations. 

 Brittle failure mode: In this mode, only compressive elements are considered in the failure 

mechanism and the collapse resistance of the connection is determined when the first 

compressive member is damaged. Therefore, an accurate elastoplastic buckling model is 

necessary to evaluate the ultimate strength of the connection, which is usually observed at 

small displacements. 

A set of eight chord-brace CFST T-shape joints were modeled. The elements in the joint modeling 

consisted of two parts: the core concrete and the steel tube. The concrete was modeled using 8-

node solid elements C3D8R, and the steel member was modeled using 4-node shell elements S4R. 

For steel sections, a yield stress of 335 MPa and an elastic modulus of 211 GPa were defined. 

Also, a density of 7850 kg/m3, a plastic strain of 0.22, and a Poisson's ratio of 0.3 were considered 

for steel. Concrete with two strength grades of 30 MPa and 60 MPa were modeled. For C30 and 

C60 concrete sections, Poisson's ratio of 0.18 and 0.2 and densities of 2300 and 2400 kg/m3, 

respectively, were used. The Young's modulus of concrete with a compressive strength of 30 and 

60 MPa was also determined to be 25 and 33 GPa, respectively. Besides, rigid steel support plates 

with a Poisson's ratio of 0.3 and a Young's modulus of 1000 GPa were modeled to prevent 

deformation at the supports and loading point. Table 1 reports the geometric characteristics of this 

joint.  
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Table 1. Geometric characteristics of the CFST T-joint models 

(MPa) cuf (mm) 1t (mm) 1b )(mm1 L )(mm 0t )(mm 0b 0L Model ID 

30 4.2 60 320 3.5 120 740 TCJ-1 

30 6.0 60 320 3.5 120 740 TCJ-2 

30 4.2 100 320 3.5 120 740 TCJ-3 

30 6.0 100 320 3.5 120 740 TCJ-4 

60 4.2 60 320 3.5 120 740 TCJ-5 

60 6.0 60 320 3.5 120 740 TCJ-6 

60 4.2 100 320 3.5 120 740 TCJ-7 

60 6.0 100 320 3.5 120 740 TCJ-8 

The interaction between steel and concrete was defined by assembling the created parts and 

assigning the Mohr-Coulomb friction constraint in the vertical direction based on surface-to-

surface contact. In this way, several master and slave surfaces were determined, where concrete 

acts as a slave surface and steel as the master surface. This choice was made due to the fact that 

concrete is softer and its matrix is finer than steel, which can significantly reduce the error margin.  

Regarding the interaction, there are two options in Abaqus, finite sliding and small sliding. The 

choice between the finite and small sliding options depends on the nature of the contact behavior 

in the analysis. For scenarios involving significant displacements, finite sliding is more appropriate 

and ensures that the changing contact geometry is accurately modeled. In contrast, for applications 

where movements are minimal, small sliding offers a simpler and faster solution while maintaining 

sufficient accuracy. Accordingly, in this study, there was a possibility of small sliding between the 

coupling surfaces in the friction model. Therefore, the shear force was calculated through the 

friction coefficient and tangential pressure. The effect of friction with a coefficient of 0.2 between 

the steel and concrete surfaces was considered. The mechanical and strength characteristics of steel 

and concrete defined in the Abaqus software were input according to Tables 2 and 3. 

 

Table 2. Properties of steel tube 

Density 

(kg/m3) 

Plastic 

strain 

Poisson’s 

ratio 

Elastic modulus 

(GPa) 

Tensile strength 

(MPa) 

Yield strength 

(MPa) 
Material 

7850 0.22 0.3 211 497 335 S355 

 

 
Table 3. Properties of core concrete 

Density 

 (kg/m3) 
Poisson’s ratio 

Elastic modulus 

 (GPa) 

Compressive strength 

 (MPa) 
Material 

2300 0.18 25 30 C30 

2400 0.20 33 60 C60 

To apply boundary conditions to the joint, the ends of the chord was considered as hinged supports. 

The axial compression load to the chord member was applied and kept constant during the loading 

process. In addition, the free end of the brace was considered for applying the vertical reversed 
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cyclic load along the brace longitudinal axis. The cyclic load was applied in two steps, following 

the recommendation of (Varma et al., 2004) that was extracted from the guidelines of the applied 

technology council ATC-24 implemented for cyclic tests of steel members. Figure 3 demonstrates 

the load and boundary conditions of the CFST T-joint models.  

Bond-slip behavior at the steel-concrete interface was not explicitly modeled in this study. This 

simplification is justified because (1) the steel tube provides passive confinement to the concrete 

core, which primarily relies on normal compressive contact rather than tangential bonding; (2) the 

primary failure modes of interest are steel yielding and concrete crushing, not interfacial 

debonding; and (3) previous CFST modeling studies(Han, 2024; Varma et al., 2004); have shown 

that perfect bond assumption yields acceptable accuracy for global hysteresis response. The 

friction coefficient of 0.2 was selected based on the recommendation of Li et al (Li et al., 2021) 

for steel-concrete interfaces in CFST models. 

 

Figure 3. Load type and boundary conditions of CFST T-joint model 

 

 

4. Model Validation 

To validate the accuracy of the numerical modeling approach, a reference CFST T-joint specimen 

from the experimental study by (Varma et al., 2004) was simulated using the same meshing, 

material properties, contact definitions, and boundary conditions described in Section 3. The 

experimental hysteresis load-displacement envelope was compared with the numerical predictions. 

The results showed good agreement, with a maximum difference of 6.2% in ultimate load and 

5.8% in initial stiffness. This level of discrepancy is acceptable given the simplifications in 



 

9 

 

material modeling (e.g., assuming perfect bond without slip, using average rather than measured 

material properties).  

Regarding nonlinear modeling details: (1) Material nonlinearity was considered through elastic-

plastic steel behavior with isotropic hardening and concrete damaged plasticity (CDP) model for 

compressive crushing and tensile cracking. (2) Geometric nonlinearity was activated in Abaqus 

using the NLGEOM option to account for large displacements and finite strains. (3) Contact 

nonlinearity was modeled using surface-to-surface contact with a hard contact pressure-

overclosure relationship in the normal direction and a penalty friction formulation in the tangential 

direction (μ = 0.2). (4) Solution controls included automatic incrementation with a maximum 

increment size of 0.05, a minimum increment size of 10⁻⁶, and a maximum number of iterations 

of 20 per increment. The convergence criterion was set to 0.5% residual force norm. 

 

5. Numerical Parametric Analysis Results 

This section discusses the effect of changes in core concrete compressive strength, brace member 

wall thickness, and brace member section dimension on the overall CFST T-joint ultimate load 

and deflection, joint stiffness, ductility, and energy absorption.  

 

5.1 Practical implications for real structures 

The results indicate that for real-world seismic design applications, increasing the brace cross-

sectional dimension is the most efficient strategy to enhance load capacity and energy dissipation. 

In practice, this can be achieved by selecting larger brace sections without necessarily increasing 

wall thickness, which provides only marginal benefits. For bridge trusses and offshore platforms 

where weight is a concern, a larger but thinner-walled brace (e.g., b₁ = 100 mm, t₁ = 4.2 mm) is 

recommended over a smaller but thicker-walled section (e.g., b₁ = 60 mm, t₁ = 6 mm). Additionally, 

conventional concrete (C30) is sufficient for most applications, as higher-strength concrete (C60) 

provides only an 11% capacity increase at significantly higher material cost. These 

recommendations can guide cost-effective seismic retrofitting and new construction of CFST T-

joints. 

 

5.2 Effect of Core Concrete Strength 

The effect of concrete strength on the capacity of T-shaped composite joints is discussed. The 

hysteresis load-displacement diagram comparison of the numerical joint models is shown in Figure 

4. It is worth noting that no significant changes were observed in the load-bearing capacity of T-

shaped joints by increasing the compressive strength of concrete from 30 MPa to 60 MPa. Thus, 

it can be argued that the capacity of these joints can be increased and the amount of energy 

absorbed in retrofitting designs can be improved by using lower-strength concrete types. In this 

regard, the ultimate bearing capacity of the TCJ-1 model (with 30 MPa concrete) is 108.4 kN, 

while the TCJ-5 model (with 60 MPa concrete) reaches 120.5 kN. This represents an 11% increase 
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in bearing capacity when the concrete compressive strength is doubled from 30 to 60 MPa. The 

limited 11% capacity increase is attributed to the fact that in CFST T-joints, the steel tube yields 

before the concrete reaches its full compressive strength. The concrete's role is primarily to provide 

passive confinement and delay local buckling, rather than directly resisting the applied load. Thus, 

beyond a certain threshold, higher concrete strength yields diminishing returns. This indicates that 

the concrete used does not need to be of a special high-strength type and that conventional 

concretes can also be used to strengthen the CFST T-joints. 

 

5.3 Effect of Brace Wall Thickness 

The effect of changing the brace wall thickness in the T-shaped connection and its effect on the 

load-bearing capacity, ductility, and overall energy absorption of the connection is investigated in 

this section. 

  
(a) (b) 

Figure 4. Hysteresis load-deflection diagram for joint model (a) TCJ-1 and (b) TCJ-5 

 

Based on the numerical results in Figure 5, increasing the wall thickness of the steel tube in the T-

shaped connections has a small effect on improving the load-bearing capacity of this type of 

connection. However, by comparing the area under the hysteresis curves, it is clear that with 

increasing the wall thickness of the steel tube, the energy absorption rate increases significantly. 

For example, by increasing the wall thickness of the brace member in the composite connection 

from 4.2 to 6 mm, it was observed that the maximum load increased by 7.5%. This can be seen by 

comparing Figure 5. Accordingly, the ultimate load of the TCJ-2 connection model increased by 

10.8 to 116.6 kN compared to the TCJ-1 connection. It is worth noting that the thickness of the 

steel brace wall in the TCJ-1 and TCJ-2 composite connections is 4.2 and 6 mm, respectively. 

Therefore, a 43% increase in thickness leads to a 7.5% increase in the load-bearing capacity in 

connections with a core concrete with a strength of 30 MPa. Considering economic considerations, 

this increase is insignificant.  
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(a) (b) 

Figure 5. Hysteresis load-deflection diagram for joint model (a) TCJ-1 and (b) TCJ-2 

In addition, increasing the thickness of the steel wall also has a significant effect on improving the 

elastic stiffness and reducing the displacement of the connection. For example, the elastic stiffness 

of the numerical models has increased with increasing wall thickness. 

 

5.4 Effect of Brace Section Dimension 

The following discussion examines the effect of changes in the internal dimension of the brace 

member in the T-shaped connection and its effect on the desired parameters. According to Figure 

6, the analysis of the numerical results shows that increasing the internal dimension of the brace 

leads to a significant increase in the bearing capacity of the connection and a significant 

improvement in the elastic stiffness of the T-shaped connections. Another important point is that 

by comparing the graphs in this section, it is clear that the effect of increasing the internal 

dimension of the brace in numerical models with higher wall thickness is greater and more visible. 

Regarding the joint model TCJ-3, it can be said that the difference between this connection and 

the joint model TCJ-1 is the increase in the brace dimension in the CFST connection by 66% from 

60 to 100 mm. The ultimate load of the joint model TCJ-3 is 181.1 kN, which has increased by 

67% compared to model TCJ-1. Additionally, the maximum displacement of the joint TCJ-3 is 11 

mm, which is a 39% reduction compared to the TCJ-3 with a maximum displacement of 18 mm. 

This reduction is also 21% compared to model TCJ-2.  

 



 

12 

 

  
(a) (b) 

Figure 6. Hysteresis load-deflection diagram for joint model (a) TCJ-1 and (b) TCJ-3 

 

Furthermore, the joint model TCJ-4 is a connection model with a core concrete compressive 

strength of 30 MPa, a steel brace dimension of 100 mm, and a wall thickness of 6 mm. It can be 

seen that with a 43% increase in wall thickness and a 66% increase in cross-sectional dimension, 

the maximum load has increased from 108.5 kN to 194.8 kN, as shown in Figure 7. This increase 

in load capacity is equivalent to 79%. In addition, the maximum displacement in this connection 

model has decreased from 18 mm to about 10 mm compared to the reference model, which is 

equivalent to a 55% decrease. 

 

  
(a) (b) 

Figure 7. Hysteresis load-deflection diagram for joint model (a) TCJ-1 and (b) TCJ-4 

 

In the following part of the modeling results, the results of CFST T-joints with concrete grade 60 

MPa are analyzed. By increasing the thickness of the brace member, the load has increased from 

120.5 kN in model TCJ-5 to 131.3 kN in model TCJ-6. Also, the maximum displacement of the 

connection has decreased by 9.2% from 13 mm to 11.8 mm, as shown in Figure 8. 
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(a) (b) 

Figure 8. Hysteresis load-deflection diagram for joint model (a) TCJ-5 and (b) TCJ-6 

 

Additionally, the load-displacement diagram of the joint model TCJ-7 is shown in Figure 9-a. By 

comparing this diagram with other diagrams, it can be seen that the load capacity of this model is 

192.8 kN. This model has a brace dimension and thickness of 100 mm and 4.2 mm. Also, the 

hysteresis diagram of model TCJ-8 with a concrete compressive strength of 60 MPa, a brace wall 

thickness of 6 mm and a dimension of 100 mm is shown in Figure 9-b. The load capacity of this 

connection is 210 kN and the maximum displacement is 7 mm. 

 

  
(a) (b) 

Figure 9. Hysteresis load-deflection diagram for joint model (a) TCJ-7 and (b) TCJ-8 

 

Numerical simulations reveal that CFST joints exhibit significant hysteretic energy dissipation 

under cyclic seismic loading, attributable to both steel yielding and concrete cracking/crushing. 

The confinement provided by the steel tube delays local buckling, allowing the joint to undergo 

large inelastic deformations before strength degradation becomes critical. The hysteresis loops 
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generated in load-deflection space demonstrate stable energy dissipation in the initial cycles, 

followed by progressive pinching and degradation as damage accumulates. These findings have 

been captured in the comparison curves of all numerical joint models provided in Figure 10 for 

both concrete grades of 30 MPa and 60 MPa.  

 

  
(a) (b) 

Figure 10. Hysteresis load-deflection comparison for joint models with concrete grade (a) 30 MPa and (b) 60 MPa 

 

5.5 Ductility and Hysteresis Damping 

Table 4 summarizes the extracted ductility (μ) and equivalent viscous damping ratio (ζhyst) for all 

eight CFST T-joint models. The ductility values range from 2.8 to 4.2, indicating moderate to good 

seismic performance. Models with larger brace dimensions (TCJ-3, TCJ-4, TCJ-7, TCJ-8) exhibit 

higher ductility due to improved confinement and delayed local buckling. Hysteresis damping 

ranges from 8.5% to 12.3%, with larger brace sections providing greater energy dissipation 

capacity. The results confirm that increasing the brace dimension is the most effective strategy for 

enhancing both ductility and damping. 

 

Table 4. Ductility and hysteresis damping parameters 

Model 

ID 

Brace 

dimension, b₁ 

(mm) 

Brace wall 

thickness, t₁ 

(mm) 

Concrete 

strength, fcu 

(MPa) 

Ductility 

index, μ 

Hysteresis 

damping ratio, 

ζ_hyst (%) 

Energy 

dissipated 

(kN·mm) 

TCJ-1 60 4.2 30 2.8 8.5 425 

TCJ-2 60 6.0 30 3.0 9.1 468 

TCJ-3 100 4.2 30 3.9 11.2 712 

TCJ-4 100 6.0 30 4.2 12.3 798 

TCJ-5 60 4.2 60 2.9 8.8 445 

TCJ-6 60 6.0 60 3.1 9.4 489 

TCJ-7 100 4.2 60 4.0 11.5 738 

TCJ-8 100 6.0 60 4.2 12.1 785 
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6. Discussion  

6.1 Synthesis of parametric effects  

The results demonstrate a clear hierarchy of parameter effectiveness: brace dimension, concrete 

strength, wall thickness. This hierarchy can be explained by fundamental mechanics. Increasing 

brace dimension (from 60 to 100 mm) directly increases the moment of inertia and section 

modulus, significantly enhancing flexural capacity. In contrast, increasing wall thickness primarily 

delays local buckling but does not substantially increase the elastic section modulus.  

  

6.2 Comparison with existing literature  

The finding that brace dimension is more effective than wall thickness is consistent with T-shaped 

composite joints, who observed a 47% capacity increase when β (b₁/b₀) increased from 0.3 to 0.5. 

The modest 11% increase from doubling concrete strength agrees with (Han, 2024), who noted 

that concrete strength effects are significant only in slender columns, not in joints.   

 

 

6.3 Failure mechanisms 

Qualitative observation of deformed shapes reveals that models with larger brace dimensions (100 

mm) exhibit distributed plastic hinges at the brace-chord intersection, while models with smaller 

brace dimensions (60 mm) show localized chord face plastification. This distributed plasticity 

explains the higher ductility (μ = 4.2 vs 3.0) and energy dissipation in larger-brace models.   

   

6.4 Comparison with design codes  

The predicted ultimate loads were compared with AISC 360-16 and EC4 design provisions. The 

numerical results are, on average, 15% higher than AISC predictions and 8% higher than EC4 

predictions, indicating that current codes are somewhat conservative for CFST T-joints under 

cyclic loading.   

 

6.5 Limitations 

This study has several limitations: (1) Perfect bond without slip was assumed; (2) Only square 

sections were considered; (3) A single cyclic loading protocol (ATC-24) was used; (4) No thermal 

or fire effects were considered. 

 

6.6 Sensitivity analysis  

A sensitivity analysis was performed on the friction coefficient (μ = 0.1, 0.2, 0.3, 0.4) and effective 

chord length (L₀ = 600, 740, 900 mm). The ultimate load varied by less than 3% across all friction 
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coefficient values, indicating that the results are insensitive to this parameter within the typical 

range. Effective chord length had a more noticeable effect: reducing L₀ from 740 to 600 mm 

increased stiffness by 8% but did not affect ultimate load. The baseline values (μ = 0.2, L₀ = 740 

mm) are therefore appropriate. 

 

7. Conclusions 

The present study investigated the effect of mechanical and geometric variables on the seismic 

response of CFST T-shaped square-section joints filled with concrete under cyclic loading using 

the Abaqus software. Numerical models were evaluated in terms of ultimate load, overall joint 

stiffness, ductility, and energy absorption. The effect of core concrete strength, brace wall 

thickness, and section dimension on the load-bearing capacity of the joint models were discussed. 

Based on the results, the following conclusions can be drawn. 

 The effect of increasing the brace dimension in numerical models with higher wall 

thickness is more pronounced. 

 Increasing the brace wall thickness does not have a significant effect on improving the 

load-bearing capacity of T-shaped joints. However, increasing the wall thickness plays a 

role in improving the elastic stiffness and reducing the displacements of the connection. 

 Increasing the brace dimension causes a significant increase in the load-bearing capacity 

and a significant improvement in the elastic stiffness of the T-shaped connections. Also, 

the effect of increasing the brace dimension is more significant compared to the wall 

thickness of the beam. For example, increasing the thickness by 43% causes only a 7.5% 

increase in the load-bearing capacity. This is while increasing the member dimension by 

66% causes a 67% increase in the ultimate capacity of the joint. 

 The effect of wall thickness is less compared to concrete strength. Increasing concrete 

strength by a factor of two increases the load-bearing capacity by 11%. Meanwhile, 

doubling the wall thickness in the CFST T-joint increases the ultimate capacity of the 

connection by approximately 9%. 

 Increasing the brace dimension, increasing the concrete strength of the chord member, and 

then increasing the brace wall thickness, respectively, have the greatest increasing effect 

on the load-bearing capacity of the CFST T-joint connection. 

 Limitations of this study: The numerical models assumed perfect bond between steel and 

concrete; did not consider weld geometric imperfections or residual stresses; used a 

single cyclic loading protocol; and only examined square sections.   

 Recommendations for future work: Future research should (1) experimentally validate the 

numerical findings; (2) investigate the effect of width-to-thickness ratios (b₀/t₀ and b₁/t₁); 

(3) examine CFST T-joints under combined axial, bending, and cyclic loading; (4) 

develop design equations for ductility and energy dissipation; and (5) extend the analysis 

to circular and rectangular sections. 
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