
 

 

  

Numerical assessment of stainless steel tubular         

T-joints subjected to brace and chord axial forces 

Mateus M. Nogueira1, Luciano R. O. de Lima 2, Pedro C. G. da S. Vellasco 2 and Ben Young 3 

 

 1 Introduction 

Tubular profiles have been increasingly used in steel structures due 

to its several structural benefits and aesthetic features. Nature 

confirms the excellent properties of tubular shapes when loaded in 

tension, compression, torsion or bending in any direction. Besides 

that, the profile closed geometry is associated with a smaller 

unprotected surface area, which increases the corrosion protection 

life of structures [1]. Despite the advantages of tubular sections, the 

joints in tubular structures may still represent a critical issue with 

numerous studies indicating that further research is needed, 

particularly for some geometries [2]. Stainless steel is used as a 

general expression to describe corrosion-resistant iron alloys that 

contain a minimum of 10.5% chromium. It has been traditionally 

regarded as an extravagant solution to structural engineering 

problems. Consequently, the use of stainless steel as a primary 

structural material for conventional construction remains 

somewhat limited [3]. Following Gardner [3], for the last 80 years, 

the longevity and aesthetic appeal of stainless steel have inspired 

architects and designers alike to use the material in both practical 

and imaginative ways. In the past, some experimental results on the 

effect of the chord stresses over the brace load capacity were 

published. These results showed that compressive chord stresses 

considerably decrease the joint resistance. However, very few 

studies indicated the same reduction in load-carrying capacity for 

joints under the action of chord tension forces. This trend is 

reflected in EN 1993-1-8 [4] and ABNT NBR 16239 [5] design codes. 

At this point, it is necessary to observe that the second edition of the 

CIDECT design guide for RHS joints [6] and ISO 14346 [7] preconise 

some joint resistance reduction for both cases, i.e., tensile and 

compressive chord stresses. Experimental investigation of stainless 

steel cold-formed tubular T joints fabricated from the square and 

rectangular hollow section brace and chord members were 

conducted by Feng and Young [8]. A total of 22 tests were 

performed considering high strength stainless steel and normal 

strength stainless steel specimens, with the ratio of the brace width 

to chord width (β) varying from 0.5 to 1.0. In addition, Feng and 

Young [9] also proposed design rules for the different failure modes 

that can occur based on a numerical study of cold-formed stainless 

steel tubular T-joints and X-joints. 

The finite element method is commonly used to reproduce the 

experiments performed in civil engineering laboratories and can 

well describe the nonlinear behaviour associated with stainless 

steel structures. Therefore, this paper is mainly focused on the 

numerical analysis of cold-formed stainless steel tubular T-joints 

with chord preload using the finite element method. This is followed 

by a comparison between strengths obtained from the parametric 

study and the current design rules in the Eurocode 3 part 1.8 [4] and 

the design rules proposed by Feng and Young [9]. 
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2 Tubular joints design equations for sidewall failure mode 

This study presents tubular square hollow sections (SHS) stainless 

steel T-joints with the ratio (β) of the brace width (b1) to chord width 

(b0) equal to 1.0, whose design is controlled by a sidewall failure. The 

actual design codes present equations for the resistance of carbon 

steel joints. Feng and Young [9] proposed design rules for stainless 

steel joints with no chord preload, altering the resistance of 

stainless-steel tubular T-joints present in Eurocode 3 part 1.8 

(2010) [4] and CIDECT [10] with a αB factor. Figure 1 shows the 

geometrical parameters for welded tubular T-joints, while the 

validity range of these geometric parameters is shown in Table 1. 

 

Figure 1 Definitions of the symbols for welded tubular T-joints 

Table 1 Validity range of the geometric parameters 

Geometric       

parameter 
Eurocode 3 Parametric study and tests 

𝛽 =
𝑏1

𝑏0
 [0.25-1.0] 1 

2𝛾 =
𝑏0

𝑡0
 ≤ 35 [13.3-40.0] 

𝑏1

𝑡1
 ≤ 35 [13.3-40.0] 

ℎ0

𝑡0
 ≤ 35 [13.3-40.0] 

ℎ1

𝑡1
 ≤ 35 [13.3-40.0] 

ℎ0

𝑏0
 [0.5-2.0] 1 

ℎ1

𝑏1
 [0.5-2.0] 1 

 

If the parameters are following the design codes requirements, then 

the actual design Equations (1) to (8), presented below, for tubular 

T-joints can be used. The equations from Eurocode 3 part 1.8 [4] and 

CIDECT [10] predict the resistance related to the chord side wall 

failure mode: 

𝑁1,𝑅𝑑 ≥ 𝑁1,𝐸𝑑   (1) 

𝑁1,𝑅𝑑 =
𝑘𝑛.𝑓𝑏.𝑡0

𝑠𝑖𝑛𝜃1
. (

2.ℎ1

𝑠𝑖𝑛𝜃1
+ 10. 𝑡0) (2) 

For tension: 

𝑓𝑏 = 𝑓𝑦0   (3) 

For compression: 

𝑓𝑏 = 𝜒. 𝑓𝑦0  (4) 

where 𝑁1,𝐸𝑑 is the design value of the internal axial force at the 

brace, 𝑁1,𝑅𝑑 is the joint design resistance, 𝜃1 is the angle between the 

brace and the chord, 𝑓𝑦0  is the chord yield stress and χ is the 

reduction factor for flexural buckling obtained from the buckling 

curve present in Eurocode 3 part 1.1 [11]. In that case, the buckling 

curve “c” must be used to calculate the reduction factor, because the 

concerned tubular joints are cold-formed. The normalised 

slenderness is determined from: 

�̅� = 3.46 ×
(
ℎ0
𝑡0
−2).√

1

𝑠𝑖𝑛𝜃1

𝜋.√
𝐸

𝑓𝑦0

 (5) 

where 𝐸  is the elastic modulus, 𝑘𝑛  is a factor that depends on n, that 

can be determined as a function of the chord maximum compressive 

stress (𝜎0,𝐸𝑑), as follows: 

𝑛 =
𝜎0,𝐸𝑑

𝑓𝑦0
 (6) 

For 𝑛 < 0 (compression): 

𝑘𝑛 = 1.3 −
0.4.𝑛

𝛽
≤ 1.0 (7) 

For 𝑛 ≥ 0 (tension): 

𝑘𝑛 = 1.0 (8) 

In addition, the local buckling resistance of the brace must be 

checked with the aid of Equations (9), (10) and (11): 

𝑁𝐿𝐵 ≥ 𝑁1,𝐸𝑑 (9) 

𝑁𝐿𝐵 = 𝑓𝑦1 . 𝑡1. [2. ℎ1 − 4. 𝑡1 + 2. 𝑏𝑒] (10) 

𝑏𝑒 =
10
𝑏0
𝑡0

.
𝑓𝑦0.𝑡0

𝑓𝑦1.𝑡1
. 𝑏1 (11) 

where 𝑓𝑦1  is the brace yield stress 

 

However, these equations were calibrated for carbon steel joints 

and don’t consider the stainless-steel material nonlinearity and 

strain hardening capacity. Feng and Young [9] proposed equations 

that better describe the behaviour of cold-formed stainless-steel 

tubular T-joints. In this case, the chord side wall failure or a 

combined failure of the chord connected face and the chord side 

wall can control the design. Equations (12) to (15) were proposed for 

stainless-steel joints: 

𝑁1𝑛𝑝 ≥ 𝑁1,𝐸𝑑  (12) 

𝑁1𝑛𝑝 = min(𝑁𝐵, 𝑁𝐿𝐵) (13) 

𝑁𝐵 = 𝛼𝐵 . 𝑁1,𝑅𝑑 (14) 
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𝛼𝐵 =
2

25
(
ℎ0

𝑡0
− 1) (15) 

 

According to the actual design rules present in Eurocode 3 [4], the 

brace effective width 𝑏𝑒  (Equation 11) can’t be higher than 𝑏1, but 

according to Feng and Young [9], if 𝜏 = 𝑡1/𝑡0  ≤ 0.55 it can be 

considered if the brace local buckling strenght (Equation 10) is 

higher than the brace internal axial force design value. 

3 Finite element modelling 

3.1 General 

Four different tubular T-joints were modelled with the finite 

element software ABAQUS [12], each with a different 2𝛾 value 

ranging from 13.3 to 40, with various levels of chord preloads. Only 

SHS sections were used for the chords and braces. The load-

displacement nonlinear analysis was performed using the (*STATIC) 

procedure in the ABAQUS software. Both the geometric and 

physical material nonlinearities were considered to model stainless 

steel behaviour. Aiming a low computational time with accurate 

results, shell elements were adopted for the brace and chord 

modelling and the size of the elements varied with the size of the 

joint. The finite element analysis included some essential factors, 

such as the modelling of the nonlinear material behaviour and welds, 

the interaction between the members and the welds and the 

boundary conditions following the experiments tested by Feng and 

Young [8]. The dimensions of the finite element models are detailed 

in  

 

Table 2 where for each joint, different values of chord preload will be 

considered. According to Feng and Young [8], to ensure that the 

stresses at the brace and chord intersection are not affected by the 

ends of the chord, the length of the chord member (𝐿0) was chosen 

as 5. ℎ0 + ℎ1. Still following Feng and Young [8] recommendations, 

the length of the brace member (𝐿1) was chosen as 2.5. ℎ1 to avoid 

the overall buckling of brace members, which cannot reveal the true 

ultimate capacity of the tubular joints. 

To better identify each numerical model, they were labelled 

according to their cross-section dimensions and their level of chord 

applied load corresponding to a percentage of chord yield 

resistance. For example, the label “C80 x 2-B80 x 2-50c“ defines the 

following welded tubular T-joint: 

 The letter C refers to chord member followed by the 

expression “80 x 2“ that indicates the dimensions of the 

cross-section, i.e., chord width and height of 80 mm and a 

wall thickness of 2 mm; 

 The letter B refers to brace member following the same 

definitions of the chord member; 

 The number 50 refers to the percentage of chord applied 

load correspondent to its yield resistance; 

 Finally, the letters “c“ (and “t“) after 50 means that a 

compression (or tension) force acts on the chord.  

3.2 Finite element type and mesh size 

A four-node doubly curved shell element was used with reduced 

integration (S4R), and a nine-point Simpson integration was applied 

through the shell thickness. Although the shell element can 

incorrectly allow the penetration of one member into the other due 

to its unawareness of the physical thickness, it still provides an 

accurate solution to most applications with a low cost in terms of 

computational time. 

A convergence study was carried out to obtain the optimum finite 

element mesh size. For the smaller specimens, a mesh with 

approximately 10 mm x 10 mm (width by height) fitted well in 

modelling the flat portions of either brace and chord. For the larger 

specimens, a mesh with 8 mm x 8 mm elements was used. At the 

corner portions, a finer mesh was adopted with four elements for 

the larger specimens and with three elements for the smaller. Figure 

2 depicts the adopted welded tubular T-joints finite element mesh. 

Figure 2 Finite element mesh of welded tubular T-joint C80 x 2-B80 x 2-0 

 

3.3 Material modelling 

The austenitic stainless steel mechanical properties obtained by 

Feng and Young [8] based on stress-strain curves of the tensile 

coupon tests are shown in  

Table 3 and they were used in the finite element models of this study. 

The static stress-strain curves were determined using the static 

loads near the proportional limit stress and the ultimate tensile 

stress. The first portion of the curve represents the material elastic 

behaviour being determined by Young’s modulus (𝐸) ,and the 

Poisson’s ratio equals to 0,30. The geometric nonlinearity was 

considered by activating the nonlinear analysis in ABAQUS while 

the material nonlinearity was introduced with the true stress x true 

strain curve. The true stress (𝜎𝑡𝑟𝑢𝑒 ) and the logarithmic plastic strain 

(𝜀𝑙𝑛
𝑝𝑙

) were calculated based on the recomendation of ABAQUS 

Analysis user’s manual [12] as follows: 

𝜎𝑡𝑟𝑢𝑒 = 𝜎. (1 + 𝜀) (16) 

𝜀𝑙𝑛
𝑝𝑙
= ln(1 + 𝜀) −

𝜎𝑡𝑟𝑢𝑒

𝐸
 (17) 

where 𝜎 and 𝜀 in Equations (16) and (17) are the measured stress and 

strain, respectively. With the stress-strain curve data provided by 

Feng and Young [8], the engineering curves were approximated 

based on the Ramberg Osgood method - Equations (18) to (23), as 

indicated in the Design Manual for Structural Stainless Steel [13]. 
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Table 2 Adopted numerical models dimensions 

Numerical models 𝟐𝜸 

 Chord (mm)  Brace (mm)  Weld (mm) 

 𝐿0 ℎ0 𝑏0 𝑡0 𝑟0   𝐿0 ℎ0 𝑏0 𝑡0 𝑟0   𝑤 

C40 x 3-B40 x 3-0 13.33  238 40 40 3 2  98 40 40 3 2  5.6 

C40 x 2-B40 x 2-0 20.00  238 40 40 2 2  98 40 40 2 2  5.6 

C80 x 3-B80 x 3-0 26.66  483 80 80 3 4  193 80 80 3 4  5.8 

C80 x 2-B80 x 2-0 40.00  483 80 80 2 4  193 80 80 2 4  5.8 

 

Table 3 Mechanical properties of stainless steel tubes 

Section (𝒉 × 𝒃 × 𝒕) 𝑬 (GPa) 𝝈𝑷 (MPa) 𝝈𝟎.𝟏 (MPa) 𝝈𝟎.𝟐 (MPa) 𝝈𝟎.𝟓 (MPa) 𝝈𝟏.𝟎 (MPa) 𝝈𝒖 (MPa) 𝜺𝒇 (%) 

40 x 40 x 2* 194 140 411 447 476 491 704 61 

40 x 40 x 3 194 140 411 447 476 491 704 61 

80 x 80 x 2* 201 120 360 398 426 438 608 59 

80 x 80 x 3 201 120 360 398 426 438 608 59 

*Obtained from Feng and Young [8].

The Ramberg Osgood method is presented below: 

For 𝜎 < 𝑓𝑦: 

𝜀𝑒𝑙 =
𝜎

𝐸
+ 0.002. (

𝜎

𝑓𝑦
)
𝑛

 (18) 

For 𝜎 > 𝑓𝑦: 

𝜀𝑝𝑙 = 0.002 +
𝑓𝑦

𝐸
+

𝜎−𝑓𝑦

𝐸𝑦
+ 𝜀𝑢. (

𝜎−𝑓𝑦

𝑓𝑢−𝑓𝑦
)
𝑚

 (19) 

where 𝜀𝑒𝑙  and 𝜀𝑝𝑙  are the elastic and plastic strain, respectively, and 

𝜀𝑢  (ultimate strain), 𝑛 (Ramberg Osgood parameter), 𝑚 and 𝐸𝑦  can 

be determined by: 

𝜀𝑢 =
𝑓𝑦

𝑓𝑢
 (20) 

𝑛 =
ln(4)

ln(
𝑓𝑦

𝑅𝑝0.05
)
 (21) 

𝑚 = 1 + 2.8. (
𝑓𝑦

𝑓𝑢
) (22) 

𝐸𝑦 =
𝐸

1+0.002.𝑛.(
𝐸

𝑓𝑦
)
 (23) 

where 𝑅𝑝0.05 is the 0.05% proof stress. 

3.4 Modelling of the welds 

The AWS A5.11 [14] specification was adopted to determine the 

E308L-17 weld properties which were used by Feng and Young [8] 

in their experimental investigation of cold-formed stainless-steel 

tubular T-joints.The weld itself consists of three-dimensional solid 

elements, with 8-node and reduced integration (C3D8R). The weld 

geometry was modelled following Figure 3. The considered element 

mesh size for the weld was 2 mm x 2 mm since the weld stiffness is 

more significant than that of the members so it was modelled with a 

finer mesh and was adopted as the master in its contact with the 

brace and the chord. Extra care was also taken into account to make 

the meshes on both sides of the weld symmetrical, to avoid 

irregularities in the loading transmission. 

 

 

Figure 3 Finite element mesh of welds used in the assessed tubular T-joint 

3.5 Loading and boundary conditions 

For the modelling of welded tubular T-joints, reference points were 

created and attached at the top of the brace and the chord ends. 

These regions were modelled as rigid bodies and restrained against 

all degrees of freedom of the displacement, except for the 

displacement at the loaded end in the applied load direction. 

Furthermore, the lower chord face ends were restrained against 

displacements in the applied load direction along its entire length. 
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Figure 4 shows the stainless-steel T-joints boundary conditions 

adopted in the numerical analysis. The contact between the welds 

and the members was modelled by using a tie constraint available in 

ABAQUS. This tool ties two separate surfaces together so that there 

is no relative motion between them. This type of constraint allows 

the merge of two regions even though the meshes created on the 

surfaces of the region are different. It was also necessary to 

correctly define a master and a slave surface to avoid penetration, 

so the more refined mesh surface was defined as the master. In this 

case, the weld surfaces were defined as masters, since its material is 

stiffer and requires a finer mesh. The loads were applied in 

increments by using the (*STATIC) method available in the ABAQUS 

library. The nonlinear geometry parameter (*NLGEOM) was used 

for considering a large displacement analysis. In the first step, the 

chord member was directly preloaded to the prescribed load level. 

This preload level was maintained constant while the brace was 

loaded using an equivalent displacement. All loads were applied to 

the members respective reference points and transmitted to its end 

faces. The total time period of each step was equal 1. 

 

Figure 4 Finite element mesh of the welded tubular T-joint 

3.6 Finite element model calibration 

To guarantee the numerical model calibration, a comparison 

between the experimental results conducted by Feng and Young [8] 

and the numerical results were carried out to verify the accuracy of 

the finite elements models, Figure 5. 

The non preloaded chord joints with 2 mm thickness wall presented 

by Feng and Young [8]-[9] were used in this study. These joints were 

compared in terms of load x displacement curves, where the 

displacement considered is that which occurs at side wall, since the 

maximum deformation allowed can’t be higher than 3%𝑏0. In both 

cases, the numerical curves well describe the behaviour of the joints 

until the chord 3%𝑏0 displacement or the peak loads as obtained in 

the experimental investigation performed by Feng and Young [8]-

[9]. In terms of the deformed shapes, a good agreement was also 

obtained as can be observed in Figure 6, where the results of the side 

wall failure modes are presented. 

4 Parametric study 

4.1 General 

The finite element models proved to accurately describe the 

material behaviour and give a good prediction of the peak load in the 

cases where the chord is not loaded. Therefore, a parametric study 

was carried out on aiming the better understand the influence of the 

chord preload in the stainless steel T-joints overall behaviour. A 

total of 36 T-joints were analysed in this parametric study, in which 

4 of these joints don’t have their chords preloaded. 

 

a) T-joint C40x2-B40x2-0 

 

b) T-joint C80x2-B80x2-0 

Figure 5 Comparison of experimental and finite element analysis load versus chord 

side wall displacement curves 

 
a) experimental deformed shape  [9] 

 
a) numerical deformed shape 

Figure 6 Deformed shapes comparison for chord side wall failure mode for 

stainless steel T-joints 
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4.2 Analysed parameters 

In the parametric analysis, four different levels of chord preload 

forces were considered for tension and compression to investigate 

their influence in the behaviour of the joints. The adopted chord 

preloads were 0,3. 𝐴𝜎0.2%, 0,5. 𝐴𝜎0.2%, 0,7. 𝐴𝜎0.2% and 0,9. 𝐴𝜎0.2%. The 

geometric parameter that most influences the joint behaviour 

against the loaded chord ends was the chord width to chord 

thickness ratio (2𝛾 = ℎ0/𝑡0). Hence as mentioned before, four 

different joints were studied with different values for the parameter 

2𝛾, i.e., 13.33, 20.00, 26.66 and 40, respectively. Following the 

labelling, the rule described at item 3.1, C80 x 2-B80 x 2-0 and C40 

x 2-B40 x 2-0 models, that were calibrated with Feng and Young [8], 

[9] experiments. From these models, the C80 x 2-B80 x 3-0 and the 

C40 x 2-B40 x 3-0 models were developed with a similar mesh. The 

validity range of these parameters defined in the Eurocode 3 part 

1.8 [4], as well as those in the parametric study is summarised in 

Table 1. To better understand the joints overall response, the 

parameter 2𝛾 in the parametric study is purposely designed beyond 

the validity range defined in the current design specifications, as 

well as the brace and chord wall thickness, whose lowest value 

allowed by the current rule is of 2.5 mm. 

4.3 Numerical results 

The results obtained by the numerical study are presented in Figure 

7 and Figure 8 in terms of the load versus side wall displacement 

curves. These results are summarised in Table 4 and compared to 

the Eurocode 3 part 1.8 [4], and the Feng and Young’s [9] proposed 

design formulae. The joint numerical strength is obtained from the 

deformation limit criteria of 3%b0 or peak load [15]. Actually, for the 

tubular joints that fail by chord side wall failure mode, if the peak 

load occurs before of a deformation smaller than 3%𝑏0, this peak 

load is considered as the joint resistance (𝑁𝑛). On the other hand, if 

the peak load is reached at a deformation higher than 3%𝑏0, the 

maximum joint resistance is considered to be the strength at a 

deformation of 3%𝑏0. For tubular T-joints with brace width to chord 

width ratio (β) equals 1, as mentioned before, the chord side wall 

failure mode is expected to occur; as shown in Figure 6. This failure 

mode was observed in all numerical models assessed in this work. 

From the observation of Figure 9 where the joint resistance is 

presented in terms of the chord stress level parameter n and the 

ratio between joints with chord preload and joints without chord 

preload, it may be concluded that there is a slight increase of the 

joint resistance when it is subjected to chord tension load before it 

decreases. It is also possible to observe that this effect increases as 

the parameter 2𝛾 get higher. On the other hand a more significant 

decrease was observed for the application of compression than for 

tension forces at the chord, and this effect also increases with the 

increase of the parameter 2𝛾. 

 

  
(a) 40 x 40 x 2 tubular T-joints with compressed chord (b) 40 x 40 x 2 tubular T-joints with tensioned chord 

  
c) 40 x 40 x 3 tubular T-joints with compressed chord (d) 40 x 40 x 3 tubular T-joints with tensioned chord 

Figure 7 Influence of the chord preload in the stainless steel tubular T-joint overall behaviour– cross-sections 40x40x2 and 40x40x3 
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(a) 80 x 80 x 2 tubular T-joints with compressed chord (b) 80 x 80 x 2 tubular T-joints with tensioned chord 

  
c) 80 x 80 x 3 tubular T-joints with compressed chord (d) 80 x 80 x 3 tubular T-joints with tensioned chord 

Figure 8 Influence of chord preload in the stainless steel tubular T-joint overall behaviour– cross-sections 80x80x2 and 80x80x3 

 

This result can be explained with the evolution of von Mises stresses 

on the chord sidewall failure region. In models with chord 

compression forces, higher stress levels are developed than in the 

models with tension forces as can be observed in Figure 9. 

 

Figure 9 Ratio 𝑁1,𝑅𝑑/𝑁𝑁𝐿  versus chord stress level curves of the investigated T-

joints, where 𝑁𝑁𝐿 is the numerical resistance obtained for no loaded chord joints 

5 Conclusions 

Stainless steel cold-formed SHS tubular T-joints with β = 1.0 have 

been investigated by a numerical study . The geometric and material 

nonlinearities of stainless steel were included in the models and the 

numerical results agreed well with the tests performed by Feng and 

Young [8]. These models were used in the preloaded chord joints 

analyses. A parametric study was performed using the developed 

models to better understand the influence of chord loading on the 

overall behaviour of T-joints. The comparison between the values 

obtained by the numerical analysis, the current Eurocode 3 rules 

and the proposed rules reveals that the current equations are not 

effective for joints with the parameter 2𝛾 much higher than 20. 

Therefore, the behaviour of the tubular joint with a chord preloaded 

is not well predicted by the current rules, given that the calculated 

resistance for tensioned chord joints is the same as those non-

loaded chord joints. Additionally, the resistance decrease of 

compressed chord joints do not follow the actual joint behaviour 

while varying the 2𝛾 parameter current design rules for carbon steel 

tubular T-joints with β = 1.0 are slightly conservative for stainless 

steel tubular T-joints with low chord width to chord thickness ratio. 

A further experimental investigation will be performed in the 

laboratory to better understand the austenitic stainless steel 

tubular T-joints subjected to chord axial forces. For carbon steel, 

some experimental evidence from previous research conducted by 

the authors of the present paper has shown that the design rules for 

T-joints with chord axial effects are not adequate and need to be 

modified [16],[17]. 
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Table 4 Comparison of numerical results with code design strengths 

Model 𝟐𝜸 

Numerical Strength Eurocode 3 Proposed strength Comparison 

𝑁𝑛  (kN) 𝑁1,𝑅𝑑  (kN) 𝑁1𝑛𝑝  (kN) 𝑁𝑛/𝑁1,𝑅𝑑 𝑁𝑛/𝑁1𝑛𝑝  

C40 x 3-B40 x 3-0 13.3 137.2 107.3 105.9 1.28 1.30 

C40 x 3-B40 x 3-30c 13.3 133.6 84.3 83.2 1.58 1.61 

C40 x 3-B40 x 3-50c 13.3 128.9 84.3 83.2 1.53 1.55 

C40 x 3-B40 x 3-70c 13.3 122.1 84.3 83.2 1.45 1.47 

C40 x 3-B40 x 3-90c 13.3 112.8 79.3 78.2 1.42 1.44 

C40 x 3-B40 x 3-30t 13.3 136.7 107.3 105.9 1.27 1.29 

C40 x 3-B40 x 3-50t 13.3 131.5 107.3 105.9 1.23 1.24 

C40 x 3-B40 x 3-70t 13.3 120.9 107.3 105.9 1.13 1.14 

C40 x 3-B40 x 3-90t 13.3 103.2 107.3 105.9 0.96 0.97 

C40 x 2-B40 x 2-0 20.0 77.3 71.5 108.7 1.08 0.71 

C40 x 2-B40 x 2-30c 20.0 74.3 40.7 61.8 1.83 1.20 

C40 x 2-B40 x 2-50c 20.0 71.3 40.7 61.8 1.75 1.15 

C40 x 2-B40 x 2-70c 20.0 67.0 40.7 61.8 1.65 1.08 

C40 x 2-B40 x 2-90c 20.0 60.5 38.2 58.1 1.58 1.04 

C40 x 2-B40 x 2-30t 20.0 76.5 71.5 108.7 1.07 0.70 

C40 x 2-B40 x 2-50t 20.0 74.2 71.5 108.7 1.04 0.68 

C40 x 2-B40 x 2-70t 20.0 68.8 71.5 108.7 0.96 0.63 

C40 x 2-B40 x 2-90t 20.0 57.8 71.5 108.7 0.81 0.53 

C80 x 3-B80 x 3-0 26.7 131.5 191.1 392.3 0.69 0.34 

C80 x 3-B80 x 3-30c 26.7 123.8 82.1 168.6 1.51 0.73 

C80 x 3-B80 x 3-50c 26.7 118.0 82.1 168.6 1.44 0.70 

C80 x 3-B80 x 3-70c 26.7 109.5 82.1 168.6 1.33 0.65 

C80 x 3-B80 x 3-90c 26.7 92.5 77.2 158.4 1.20 0.58 

C80 x 3-B80 x 3-30t 26.7 135.3 191.1 392.3 0.71 0.34 

C80 x 3-B80 x 3-50t 26.7 134.0 191.1 392.3 0.70 0.34 

C80 x 3-B80 x 3-70t 26.7 124.7 191.1 392.3 0.65 0.32 

C80 x 3-B80 x 3-90t 26.7 107.1 191.1 392.3 0.56 0.27 

C80 x 2-B80 x 2-0 40.0 64.4 127.4 397.4 0.51 0.16 

C80 x 2-B80 x 2-30c 40.0 59.6 28.2 88.1 2.11 0.68 

C80 x 2-B80 x 2-50c 40.0 54.4 28.2 88.1 1.93 0.62 

C80 x 2-B80 x 2-70c 40.0 47.2 28.2 88.1 1.67 0.54 

C80 x 2-B80 x 2-90c 40.0 36.1 26.5 82.8 1.36 0.44 

C80 x 2-B80 x 2-30t 40.0 67.8 127.4 397.4 0.53 0.17 

C80 x 2-B80 x 2-50t 40.0 67.9 127.4 397.4 0.53 0.17 

C80 x 2-B80 x 2-70t 40.0 63.3 127.4 397.4 0.50 0.16 

C80 x 2-B80 x 2-90t 40.0 53.5 127.4 397.4 0.42 0.13 
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