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Abstract. This study investigates the moment resistance and failure modes of welded connections between I-

beams and rectangular hollow section (RHS) columns. The existing design codes and normative equations for 

estimating the moment resistance do not consider all geometric parameters that influence the behavior of the 

connections, such as the contribution of the side wall of the RHS. Using a validated finite element (FE) model, 

315 uniplanar T-type welded connection models were evaluated, varying side wall thickness and height (t0, h0) of 

the RHS column, and beam dimensions (t1, b1, h1). Two main failure modes were identified: frontal face 

plastification (β ≤ 0.85) and side wall yielding (β = 1.0). Comparisons with EN 1993-1-8 and ISO 14346:2013 

design codes revealed that current formulations underestimate moment resistance, especially at higher β values. 

Results show that increasing t0 and β (beam-to-column width ratio) enhances the contribution of the side wall, 

improving connection resistance. A new equation is proposed to better account for side wall effects, offering more 

accurate resistance predictions, particularly for β > 0.85. 
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1  Introduction 

Welded connections involving tubular profiles have drawn significant attention from researchers over the 

years. These types of profiles offer excellent mechanical and geometric properties, making them highly efficient 

for members subjected to compression, torsion, or combined loading. Their superior structural performance is 

mainly attributed to a larger radius of gyration, which increases their resistance to buckling. In contrast, I-sections 

exhibit superior flexural behavior, making them the preferred choice for beam elements, Wardenier [1]. 

Several studies - including those by Nizer et al. [2], Garifullin et al. [3], [4], [5], Park and Chao [6] Lópes-

Colina et al. [7], [8], Lozano et al.[9], Serrano-López et al. [10], [11], Barros et al. [12], Gracia et .al [13] - have 

investigated the initial stiffness and the behavior of welded connections in RHS T-joints. These studies propose 

equations that represent the initial stiffness, mainly using the component method. 

However, all of these studies focus on evaluating the initial stiffness rather than the moment resistance of the 

connection. Moreover, existing design standards ABNT NBR 16239:2013 [14], ISO 14346:2013[15] and EN 

1993-1-8: 2021 [16] do not consider the influence of the column side walls in the connections. To address this gap, 

a parametric numerical study was conducted to assess how the side wall of the RHS column affects the moment 

resistance of the connection. Variations in the geometric properties of both beams and columns were analyzed, 

and von Mises stress distributions and displacement fields were evaluated. The numerical results were compared 

with the predictions provided by current design codes. Finally, a modification to the equation presented in ISO 

14346 (2013) [15] was proposed considering the influence of this parameter, and the obtained results are more 

consistent. 
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2  Design Equations 

The present study addresses this limitation by examining two governing failure mechanisms: (1) plastification 

of the column face, which normally governs when the beam-to-column width ratio (β = b₁/b₀) is within the range 

0.4 ≤ β ≤ 0.85, and (2) yielding of the column side wall, which becomes critical as β approaches unity. 

The design equations in EN 1993-1-8 [16] and ISO 14346:2013 [15] estimate the moment resistance of the 

connection based on the governing failure mechanism. Both standards adopt the assumption that load transfer from 

the beam to the column occurs predominantly through the flanges. As a result, the equations provided by both 

codes incorporate analogous parameters and produce comparable strength predictions for the corresponding failure 

modes. The main distinction between the two is in the terminology and notation employed. Therefore, only the 

ISO 14346 equations are presented. Figure 1 illustrates the nomenclature of the geometric relationships adopted 

for these connections. Since the thickness of the flange (tf1) is the same as the thickness of the beam web (tw1) in 

all models, this parameter will be called simply t1. 

The axial resistance force for column frontal face failure (plastification) is determined by Eq. (1) and is valid 

for the range of 0.4 ≤ β ≤ 0.85: 

 𝑁1,𝑅𝑑 =  𝜎𝑦0𝑡0
2

2 + 2,8𝛽

√1 − 0,9𝛽
𝑄𝑓 (1) 

To determine the axial resistance force for column side wall failure, Eq. (2) can be used since 𝛽 ≈ 1,0: 

 𝑁1,𝑅𝑑 = 𝜎𝑦0𝑡0(2𝑡1 + 10𝑡0)𝑄𝑓 (2) 

𝑄𝑓 is a function that relates the normal stresses and the yield stress of the material (σy0), being taken equal 

to 1 for the cases studied because no axial force is imposed on the RHS column. For 0.85<β<1.0, it is recommended 

to use interpolation between the axial resistance force obtained by Eq. (1) when β = 0.85 and by Eq. (2) when β = 

1.0. Finally, the design moment resistance is obtained by multiplying the axial resistance force by the average 

height of the beam, as described in Eq. (3). 

 𝑀1,𝑅𝑑 =  𝑁1 (ℎ1 − 𝑡1) (3) 

The ultimate capacity of tubular joints be evaluated based on deformation limit criteria. In this study, this 

criterion proposed by Lu et al. [17], [18], was adopted to define the moment resistance in the numerical models. 

When the ratio between the numerical moment resistance at a deformation of 3%b₀ and that at deformation 1%b₀ 

is less than 1.5, the moment resistance is defined as the value corresponding to a deformation of 3%b₀, 

characterizing the ultimate limit state (ULS) of the connection. Conversely, if this ratio is greater than 1.5, the 

moment resistance should be limited to 1.5 times the value associated with a deformation of 1%b₀, which 

corresponds to the serviceability limit state (SLS). Furthermore, in cases where the maximum moment is reached 

before reaching the 3%b₀ deformation limit, this maximum moment should be adopted as the connection's moment 

resistance. 

 

Figure 1.Geometric parameters 
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3  Numerical modelling and validation 

The numerical model was developed using the finite element method, implemented in ANSYS 18. The 

connection geometry adopts a T-type configuration, comprising a rectangular hollow section (RHS) column and 

an I-section beam. To represent the corner curvature of the tubular profiles, a value equal to twice the wall thickness 

was adopted. Additionally, in accordance with the recommendations of the American Welding Society (AWS) 

[19] and ABNT NBR 16239 [14], the minimum weld size was defined as 1.5 times the lesser thickness between 

the beam and the column—corresponding, in all models, to the column wall thickness. The nominal material 

properties of the steels were incorporated into the finite element model using a bilinear isotropic hardening stress–

strain relationship. The stress–strain curve included the yield strength (fy), Young’s modulus (E), and a tangent 

modulus (Et) defined as E/100, as recommended by EN 1993-1-3 [20]. A Poisson’s ratio of 0.3 was assumed for 

all elements. 

The finite element SHELL281 was used to model the beams and columns due to demonstrated satisfactory 

performance in displacement and strain simulations in previous studies [10], [11], [12]. Welds were modeled using 

SOLID185 elements, as used in other studies [12], [21], [22]. Mapped mesh size of 10 mm was applied to ensure 

uniform element distribution and to minimize stress concentrations in the connection region. The characteristics 

of the numerical model are detailed in Figure 2. 

 

Figure 2. Finite element model 

This numerical model was validated using experimental tests conducted by Barros [12], with β value of 0.5, 

which indicates the frontal face plastification as the predominant failure mode and by López-Colina et al. [7] and 

Serrano-López et al. [11], with β value of 1.0, where the side wall yielding is the failure mode, as shown in Costa 

e Souza [23] and in Fig. 3. 

 

Figure 3. Validation of the numerical model 
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4  Parametric study 

The parametric analysis was conducted to assess the impact of cross-sectional dimensions of columns and 

beams on the structural behavior of the connections. Specifically: a) For the columns, thickness values (t0) of 4.0, 

6.4, 7.1, 8.3 and 10 mm, and the side wall heights (h0) of 150, 250 and 400 mm were adopted; b) For the beams, 

thicknesses (t1) were taken as 1.5 times the columns thickness, widths (b1) of 120, 200, 212.5, 225 and 250 mm, 

and Heights (h1) of 150, 200, 250, 300 and 400 mm. The geometric configurations and relevant dimensionless 

ratios employed in the study are illustrated in Fig. 4. In order to more thoroughly examine the interpolation zone 

specified by ISO 14346 [15], additional variations in the beam height parameter (η) were introduced for models 

with β values of 1.0, 0.9, and 0.85. This combination of parameters resulted in a total of 315 numerical models. 

For the RHS columns, the steel mechanical properties were defined with a yield strength (fy0) of 345.0 MPa, 

an ultimate strength (fu0) of 450.0 MPa and Young’s modulus (E0) of 205 GPa. To ensure that failure would occur 

in the column during the simulations, higher yield (fy1) and ultimate (fu1) strength values were adopted for the 

beams, as well as for the weld metal (fw). 

 

Figure 4. Variables of parametric study 

5  Results and Discussion 

5.1 Displacement and stress analysis 

The maximum side wall displacements (dsw) were mapped and compared to the maximum displacement of 

the front wall (dfw), observed in the region compressed by the beam flange. A clear trend was identified: as the 

value of β increases, lateral displacements become more significant, indicating greater contribution from the side 

wall. When β=0.5, the displacement ratio (dsw/dfw) remains below 0.5, suggesting that the deformability of the 

model is predominantly governed by the front wall. When 0.9≤ β<1.0 the displacement ratio generally exceeds 1, 

emphasizing the increased influence of the lateral wall under these conditions. A similar behavior is observed 

when β=1.0, where the failure mode is governed by the ultimate limit state (ULS) with a deformation criterion of 

3%b0. These results are illustrated in the moment x displacement curves in Fig. 5. 

The frontal slenderness parameter (2γF) also has a significant influence on displacement levels: lower values 

of 2γF result in reduced displacements and leads to an increase in initial stiffness. The Von Mises stress 

distributions shown in Fig.6 further indicate that lower values of 2γF, combined with higher β values, result in a 

greater contribution from the side wall. These results highlight a positive correlation can be identified between the 

contribution of the side wall. 
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Figure 5. Bending Moment vs. Displacement curves – (a) β=0.5 and (b) β=0.9 

 

Figure 6. Von Misses Stress Distribution (MPa) 

However, the accuracy of the analytical formulations is reduced precisely under these conditions. Moreover, 

variations in 2γL are sufficient to produce noticeable differences in side wall displacements and in the 

corresponding moment resistances. Therefore, the limited accuracy of the normative equation under these 

conditions may be attributed to the unaccounted influence of the side wall, which should be considered. 

5.2 New equation proposal 

A new analytical equation is proposed for β=1.0, as this case showed the largest discrepancy between 

analytical and numerical results. It also involves significant side wall contribution and a defined failure mode, 

justifying specific attention. Improving the formulation for β =1.0 also benefits the interpolation range 0.85<β<1.0. 

The proposed equation incorporates the effective area of the RHS column wall contributing to moment 

resistance, based on stress distribution analysis. Three key regions were identified—horizontal front wall, vertical 

front wall, and side wall, as illustrated in Fig.7. The parameters 2γF , 2γL , and η were included into this new 

formulation described in the Eq. 4. Their coefficients were iteratively calibrated according to the observed yielding 

behavior in each region. 

 𝑁𝑇 = 𝜎𝑦0𝑡0 [(4𝑡1 + 20𝑡0)
 2𝛾𝐿

0,01  

 2𝛾𝐹
0,35

+ (2𝑡1 + 10𝑡0)𝐾𝛾 + (2𝑡1𝜂−0,3)2𝛾𝐹
−0,2] (4) 

where: 

 {
 2𝛾𝐹 > 40 →  𝐾𝛾 =   2𝛾𝐹

−0,4

 2𝛾𝐹 ≤ 40 →  𝐾𝛾 =   2𝛾𝐹
−0,35                        (5) 

It is important to note that the proposed Eq. (4) is valid for the parameter ranges 25.0 ≤ 2γF ≤ 62.5 with 15 ≤ 

2γL ≤ 100 and 0.6 ≤ η ≤ 1.6, for a yield stress of fy0 = 345 MPa. 

Figure 8 presents a comparison between the normative equation (Eq. (2)) and the proposed formulation (Eq. 

(4)) against the numerical results. The proposed equation demonstrated satisfactory accuracy across the 87 models 

with β=1.0 analyzed in this study. As a result, it also improved the predictions for an additional set of 75 models 

with β=0.9, which fall within the interpolation range 0.85<β<1.0. 
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Figure 7. RHS column effective walls 

Table 1 compares the mean and coefficient of variation (CoV) values for the analytical-to-numerical moment 

resistance ratio evaluating both equations. These results demonstrate the effectiveness of the proposed equation in 

predicting the connection's moment resistance ratio under the studied conditions. 

 

Figure 8. Moment resistance: Numerical vs. Analytical 

Table 1. 𝑀𝑟,𝐴𝑁 𝑀𝑟,𝑁𝑈𝑀⁄  - Mean and CoV - ISO 14346 vs. Proposed 

β 
ISO 14346 Proposed 

Mean CoV Mean CoV 

1.0 0.383 0.085 0.959 0.041 

0.9 0.527 0.074 0.762 0.054 

6  Conclusions 

Side wall participation is most prominent when low 2γF values are combined with high β, with lateral 

slenderness (2γL) further influencing behavior in these configurations. Existing design equations showed limited 

accuracy due to their conservative nature and neglect of side wall effects. In this context, a modified equation 

based on ISO 14346 was proposed for β=1.0, incorporating key parameters (β, η, 2γF, and 2γL). This formulation 

significantly improved prediction accuracy, increasing the mean analytical-to-numerical resistance ratio from 

0.383 to 0.959 and reducing the coefficient of variation from 0.085 to 0.041. Similar improvements were observed 

for β=0.9. However, the proposed equation is valid only for the parameter ranges 25.0 ≤ 2γF ≤ 62.5 with 15 ≤ 2γL 

≤ 100 and 0.6 ≤ η ≤ 1.6, with a yield stress of fy0 = 345 MPa. In this context, future work should extend the 

parameter range to include η>1.6, 2γF<25, alternative steel grades, and values of β≤0.85 to further refine the model 

and broaden its applicability. 
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