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Abstract. Hollow steel sections have properties that enable their use in large span structures and trusses, in which 

the design of joints between chords and braces with hollow steel sections are composed of circular (CHS), 

rectangular (RHS) or square (SHS) cross-sections. However, the current design prescriptions do not contemplate 

the design of T-joints with containing slender cross-sections. In this work, CHS-SHS and CHS-RHS T-joints with 

brace-to-chord ratios equal to one and composed of chords with slender sections were analysed through a 

numerical analysis using a commercial software. A brace axial load of compression was applied, and the normal 

tension distributions, the joint resistance and the load-displacement behaviour were examined. The numerical 

results were compared with a design equation from a normative prescription. Chord web failure was observed in 

all the joints analysed. Thus, the joints outside the current validity ranges of the normative prescriptions – that is, 

with slender sections – presented the same predicted failure mode for joints with compact or semi-compact cross-

sections. The comparison between numerical and analytical joint resistances showed that current design equation 

does not adequately predict the joint behaviour of joints with slender chords.  
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1  Introduction 

The use of truss structures with hollow steel sections (HSS) can be an appropriate choice for several 

conditions, specially structures with wide spans, since HSS can offer high resistance to axial and loads torsional 

loads [1]. 

In the development of the design equations for HSS joints, the validity ranges of these equations were 

established in tests using mainly circular hollow sections (CHS) and rectangular hollow sections (RHS), with fewer 

articles involving neither square hollow sections (SHS) nor the combination of CHS-SHS joints. 

Furthermore, joints containing chords with high slenderness values were excluded from the design in 

normative prescriptions and design guides. Thus, more recent researches have studied joints with slender sections; 

Pereira et al. [2] and Guerra et al. [3] observed that T-joints with brace-to-chord ratios lower than 0.85 and outside 

the current validity ranges of the principal design codes presented the same failure mode – chord face plastification 

– as joints inside these validity ranges.  

The same observation was made by Neto et al. [4] regarding T-joints with brace-to-chord ratios equal to one, 

that presented web chord failure. Furthermore, in the study of K-joints, Fleischer et al. [5] observed the possibly 

of broadening the European validity ranges for joints with hollow sections, while Lima et al. [6] and Gomes et al. 

[7] have studied reinforcements for T-joints with brace compressive loading. 

In this context, this work aimed to determine the failure mode and joint resistance of brace loaded CHS-SHS 

and CHS-RHS T-joints with brace-to-chord ratios equal to one and containing chords with high slenderness, 
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though a numerical finite elements (FE) analysis in a commercial software. Furthermore, compare the numerical 

results with the analytical equation available in NBR 16239 [8]. 

2  Joint properties 

The geometric properties of the joints were defined according to the nomenclature exhibited in Figure 1, 

where the parameters  and 2 indicated the brace-to-chord ratio and the cross-section slenderness, respectively. 

In this work, in all cases, the cross-section height was higher or equal to the chord width; therefore, 2 indicated 

the ratio of h0/t0. 

 

b0 – width of the chord 

h0 – height of the chord 

t0 – wall thickness of the chord 

d1 – diameter of the brace 

t1 – wall thickness of the brace 

1 0d b =  – brace-to-chord ratio 

0 0 0 02 b t , 2 h t =  = - slenderness ratio 

Figure 1. Geometry of a CHS-RHS T-joint 

The geometric properties of the joints in this study were shown in Table 1. Fourteen models with 1.0m long 

chords and 0.3m long braces were analyzed, with variations of the chord height (h0) and the chord thickness (t0), 

what caused the variation of the non-dimensional parameter 2. This variation enabled the analysis of the effect of 

the chord slenderness in the joint resistance in two different series: Series 1 containing CHS-SHS joints and Series 

2 containing CHS-RHS joints. The brace thickness varied according to the chord thickness to avoid any failure 

mode in the brace and did not affect the parameter  nor the parameter 2 in the joint analysis. 

Table 1. Geometric properties of the joints 

Series Model Geometric properties    Parameters  

  b0 (mm) h0 (mm) t0 (mm) d1 (mm) t1 (mm)  β (d1/b0) 2γ (h0/t0) 

1 1 120 120 3.0 120 3.0  1.0* 40.0* 

 2 3.5 3.5  34.3* 

 3 4.0 4.0  30.0 

 4 4.5 4.5  26.7 

 5 5.0 5.0  24.0 

 6 5.5 5.5  21.8 

 7 6.0 6.0  20.0 

2 8  140 3.0  3.0   46.7* 

 9 3.5 3.5  40.0* 

 10 4.0 4.0  35.0* 

 11 4.5 4.5  31.1 

 12 5.0 5.0  28.0 

 13 5.5 5.5  25.5 

 14 6.0 6.0  23.3 

*Outside de validity ranges of NBR 16239 [8]. 

 

The design of these joints is currently present in several design guides, such as ISO 14346 [9] and NBR 

16239 [8]; the latter was the one used in the comparisons in this work, with the validity ranges shown in Table 2.  

The nominal material properties used in this study were shown in Table 3. A bilinear diagram with a tangent 

modulus (Et) of E/100 – that is, considering strain hardening – was used for braces and chords, while a tangent 

modulus was not considered for the welds.  
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Table 2. Validity ranges of NBR 16239 [8] 

Condition Axial loading Limit 

Brace-to-chord ratio - 1 00.4 d b 0.8   

CHS brace Compression 
1 1 yd t 0.05E f  

RHS chord Tension 0 0h t 35  

 Compression 

0 0
y

36
h t

1.45 E f


 



 

Table 3. Material properties 

Poisson’s ratio ν Young’s modulus (GPa)   Yield strength (MPa) 

 E Tangent Et Weld Ew  Chord fy0  Brace fy1  Weld fw  

0.3 200 E/100 405  300 300 450 

3  Numerical model 

A computational model using FE analysis in a commercial software was developed. This model was created 

using Ansys [10], that enabled the development of models using the Ansys Parametric Design Language.  

The three elements – brace, chord and weld – of the joint were modelled with the geometric and material 

properties described. The modeling was made considering solid elements, that enable the simulation of plastic 

behavior in HSS joints [11]. The weld leg size was considered 1.5 times the chord thickness, what is the minimum 

recommended by NBR 16239 [8].  

The element SOLID185 was used, which contains three degrees of freedom per node and eight nodes, and 

was an element previously adopted in other researches involving HSS joints [2], [12], [13]; SOLID185  contains 

plasticity, hyperelasticity, stress stiffening, creep, large deflection, and large strain capabilities [10]. 

The meshed FE model was more refined in the joint region – medium mesh size of 2mm –, where failure was 

expected from brace loading. Two fixed ends were the boundary conditions simulated, with translations and 

rotations restricted through nodes, that were coupled to properly distribute the conditions in all nodes at the ends. 

The static analysis consisted of brace compressive loading with displacement increments, using the Newton-

Raphson iterative method.  

 

Figure 2. Meshed FE model with node coupling at the ends 
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4  Results 

4.1 Deformation limit criterion 

The deformation limit criterion is a method to determine numerical joint resistance loads in HSS [14], [15]. 

For the joints analyzed in this work, the maximum displacements in the joint () – Figure 3 – were compared with 

the peak load: if the peak load occured before a 3%h0 deformation, the peak load was taken as the joint resistance,; 

otherwise, the load at a 3%h0 deformation was considered as the joint resistance. 

 

 
 

Figure 3. Deformation limit [16] 

4.2 Failure mode and von Mises stress distribution  

Chord web failure was observed in the joints, since the maximum displacements occured in the lateral faces 

of the chords and the braces did not present lateral displacments, as it is observable in Figure 4, that showed the 

von Mises normal stresses distribution in the models.  

Bending moments caused normal stresses in the joint region as well as lower chord face displacements, as 

observable in Figure 4 (b). The normal stresses were higher in the joint region, especially in the encounter of welds 

and chords.  

 

  

 

 

 
(a) Final displacements applied (b) 3%h0 stage in Model 14 

Figure 4. von Mises tension distribution in perspective (MPa) 

The load-displacement curves were shown in Figure 5 for both series, considering the points where the 

maximum lateral displacements occured. Models 5, 6 and 7 presented a peak load and the analysis was stopped by 

the software, with the post-yielding behavior not presented. Since the peak load was achieved and used in this 

work to determine the joint resistance, these values were considered in the comparison. 

The peak loads were clearly higher in models with lower 2γ values. When comparing the two series, models 

in Series 2 presented higher peak loads, what could be explained by higher values of inertia due to higher chord 

heights. 
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(a) Series 1 (b) Series 2 

Figure 5. Load-displacement results.  

5  Comparison of results 

According to NBR 16239 [8], the design equation – eq. (1) – that determines the joint resistance (N1,Rd) for 

CHS-RHS and CHS-SHS T-joints depends on the stress strength of the chord steel (fb), that is determined through 

the multiplication of the yield strength (fy) by the reduction factor for relevant buckling mode () – eq. (2).  

 1, 0 1 0
1

1
2.2 11

4Rd b
a

f t d tN   (1) 

b yf f        (2) 

 

In Table 4, the numerical and analytical (N1,Rk) results from eq. (1) were presented, desconsidering the 

poderation factor a1 in the calculus.   

Table 4. Results and comparison 

Model    Nnum (kN) Comparison   

Series Model 2γ    N1, Rk (kN) N1,Rk/Nnum 

1 1 40.0*  166.6 0.33 70.1 0.42 

 2 34.3*  195.0 0.45 112.8 0.58 

 3 30.0  225.2 0.55 159.8 0.71 

 4 26.7  254.8 0.63 209.1 0.82 

 5 24.0  283.9 0.69 259.9 0.92 

 6 21.8  314.1 0.74 311.9 0.99 

 7 20.0  344.6 0.78 364.5 1.06 

2 8 46.7*  183.4 0.24 50.7 0.28 

 9 40.0*  219.5 0.33 83.3 0.38 

 10 35.0*  262.0 0.44 126.7 0.48 

 11 31.1  300.0 0.52 174.3 0.58 

 12 28.0  336.0 0.60 224.6 0.67 

 13 25.5  374.2 0.66 276.6 0.74 

 14 23.3  409.9 0.71 329.9 0.80 

*Outside de validity ranges of NBR 16239 [8]. 

 

The higher discrepancies from analytical and numerical results were observed in models with higher 
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slenderness (2) values. From the results, it was noted that the discrepancies had a trend of diminishing as the 

2 values also decreased.  

The numerical joint resistance values were always higher than the analytical results, except for Model 7. 

Models in Series 2 presented higher joint results than models in Series 1. 

6  Conclusions 

Chord web failure was the predominant failure mode in all joints, which presented peak loads in the load-

displacement curves with maximum deformations occurring in the lateral chord face.  

This showed that the joints outside the current validity ranges of the normative prescriptions – that is, with 

slender sections – presented the same predicted failure mode for joints with compact or semi-compact cross-

sections. 

The comparison between numerical and analytical joint resistances showed that current joint resistance 

equation from NBR 16239 [8] does not adequately predict the joint behaviour of CHS-RHS and CHS-SHS T-

joints with slender chords and brace-to-chord ratios equal to one.  

CHS-RHS joints presented higher joint results than CHS-SHS joints, mostly likely due to higher moment of 

inertia resistances.  

Further experimental and numerical studies with brace loading and chord loading would be necessary to 

adequately determine an equation for joint resistance of the joints analysed. 
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