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Abstract-This study presents a method to calculate the stress on the different components of complex 
welded joints to calculate the welded seam. The method is applied to a complex welded joint on an 
Ishaped beam, welded and reinforced with plates, in an overlap joint. The proposed method is validated 
by the Finite Element Method. Results show differences lower than 5% between the proposed method 
and the Finite Element simulation, proving the applicability of the method to any complex welded joint. 
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I. INTRODUCCIÓN. 

Welding technologies stand asone of the most used technologies in the manufacturing of metal structures [1]. 
However, regardless of its widespread use, there are few studies discussing methods for calculating and 
designingwelded joints. Shigley emphasized the difficulty for engineers because of the limited scope and depth 
of the existing methods to calculate welded joints [2]. 

Themethods discussed in literatureof welded joints are too general,focusingtypical configurations, failing to 
discuss more complex welded joints. Some authors [2], [3], [4] discussed more complex welded joints using 
rather different models, in some cases resulting in contradictory. 

The influence of technological parameters like the process development, the joint geometry and welding 
materials on the strength of welded joints was studied [5], [6], [7], [8], [9]. The main factors influencing weld 
joints failure are residual stress, local temperature effects and initial crack formations [10],[11], [12]. To 
evaluate the performance of cracksand forecast the lifespan of welded joints, fracture mechanics have been 
studied[13], [14], [15], [16], [17], [18]. 

Several researchers have discussed the mechanical strength related with the geometryof complex welded joints, 
for 2 Ishaped beams fillet welded under bending [19], open profile fillet welding under torsion [20], in both 
cases results were validated with Finite Elements Analyze models, also used to determinate the stress 
concentration factor in welded joints of different geometries [21], [22]. 

The analytical methods used to design welding joints have remain unchanged for decades. Since the 
simplifications used in analytical methods are well known, the use of high values of safety factors is rather 
frequent [23], causing the over dimensioning of welded joints. This study aims at developing a method to 
evaluate the distribution of the mechanical stress in the different parts of the welded seam in complex welded 
joints to more accurately calculate the stress on welded joints. 

II. MATERIALAND METHODS. 

The simplest of the welded joints is the fillet weld seam affected by transversal loads as shown in Fig. 1. 

The stress and the stress concentrations in this joint are lower in the transverse seams than in the longitudinal 
ones [1], [2], [24].However, forcomplex welded joints is rather difficult to define how loads affect the different 
elements of the weld seam. 
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B. Shear Force. 

Similar to NT, the shear force (QT)is: 

QT = Q1 + Q2 + Q3 (7)
Where: 

QT-Total shear force acting on joint. 

Q1- Shear force supporting joint 1. 

Q2- Shear force supporting both, the top and bottom plates. 

Q3-Shear force supporting the lateral plates. 

 

Since the distortion caused in the section is the same for the three elements of the joint, the force acting on each 
element will be proportional to their shear rigidity. 
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Similarly to the axial forces: 
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C. Bending Moment 

The value of the total bending moment supporting each elements of the welded joint depends on the flexural 
rigidity. Similar to NT and QT: 

MFT = M1+ M2+ M3 (12)
 
From the differential equation of the elastic line: 

M1= E · Ix1 ·y1´´    (13)   
M2 = E · Ix2 ·y2´´ (14)   
M3 = E · Ix3 ·y3´´ (15)
 
Sincey1 = y2 = y3, where y1´= y2´= y3´ and  y1´´= y2´´= y3´´ then. 
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Combining equations 16 and 12: 
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Where:  

Ix1–Inertia moment of the Ӏshaped beam related to its centroid axis X. 

Ix2 – Inertia moment of the upper and lower plates in relation to the axis X (see Fig. 5). 
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Fig. 5. Basic dimensions of the upper and lower plates. 

Ix3 – Inertia moment of the lateral plates in relation to the axis X (see Fig. 6).  
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Fig. 6. Basic dimensions of the lateral plates. 

D. Calculation of the stresscaused by the MFT. 

From the above equations, the bending moment for the three elements of the welded jointiscalculated,  

E. Stress caused by the bending moment M1 in the joint of the Ishaped beam. 

The bending moment causes traction and compression normal stress, proportional to the coordinate. They are 
calculated from the Navier equation 
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The maximum stress is calculated as: 
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F. Calculation of the stress on the top and bottom plates resulting from the moment M2. 

The top and bottom plates welded joint can be considered as a fillet welding joint under the action of different 
loads, as shown in Fig. 7. 
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Figure 7. Stress on the welded joint fillet of the top and bottom plates. 

Forces N2 acting on these platesis calculated as: 

 

2

2
2

222

Sh

M
N

ShNM





 

  

2

2
2 A

N
  

 (24) 

G. Stress caused by the bending moment M1 in the lateral plates. 

Lateralplates are affected by the bending moment M3, which is calculated with the Navier equation: 
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H. Simulation of the stress with the Finite Element Method. 

To validate the proposed equations a complex welded joint under pure bending moment (see Fig.2), which is the 
most complex welded joint discussed in this study. First the proposed methodology is applied. Afterwards, a 
simulation based on the Finite Element Method is developed. The momentsapplied are shown in table I. 

TABLE IMoments applied to the complex welded joint. 

Case  Momentvalue(N·mm) 

1 1,0·109 

2 1,5·109 

3 2,0·109 

4 2,5·109 

5 3,0·109 

6 4,0·109 

An IPN 300 profile (European Standard Beams) is selected as theIshaped beam. The top, bottom and lateral 
plates are square with S2 and S3thickness of 8 mm, the length of the lateral plates (b3) is 200 mm and the length 
of the top and bottom plates (b2) is of 145 mm. 

I. Calculation of the inertia moments of the welded joint components. 

Inertia Moments. 

Ix1 –moment of in relation to its centroid axis X. 

For anIPN 300 beamIx1 = 98.000.000 mm4 

Inertia moment of the upper and lower plates in relation to the axis X.  
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4
2 50334935 mmx   

Inertia moment of lateral plates in relation to the axis X. 
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III. RESULTS AND DISCUSSION. 

A. Total moment applied to the joint (MT). 
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mmN
xxx

xM
M T 9933101971

321

1
1 




 mmN
xxx

xTM
M 4503696722

321
2 




  

mmN
xxx

xM
M T 555319130

321

3
3 




  

B. Calculation of the stress in the welded joint elements. 

Force(N2). 
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C. Stress obtained by Finite Element Method. 

Fig. 8 shows the results obtained from the Finite Element Method simulation for the conditions used in the 
analytical assessment. 

The welded join is simulated in Cosmos Design Star 4.0 software, a parabolic tetrahedral finite element, which 
give the best results because it can more easily generate a contour configuration [27],[28], [29].For each case a 
convergence between the previous and the current model is set to a 5% difference between the stress, ensuring 
that the stress valuesis independent of the mesh size[30].  

For the third case the simulationare result in1 equal to 1.854 MPa,2equal to 1.809 y and 3 equal to 644 
MPa.All values are between 2 and 5 % difference to those obtained analytically. These results validate the 
proposed method for its application incomplex welded joints. 
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