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 Tubular offshore structures are commonly assembled using welded joints, creating areas of stress 
concentration and potential fatigue failure. This study focuses on tubular T, Y and K joints, a common 
offshore structural component. Finite element modeling is used to predict stress concentration factors 
(Kt) for various loading conditions on the T, Y and K joints. The goal is to calculate Kt values and 
compare them to existing theoretical solutions from literature. Additionally, the influence of different 
loading modes (tension, bending) on the Kt values is investigated. By using advanced modeling 
techniques, this work aims to provide new insight into the behavior of tubular T, Y and K joints 
connections under realistic offshore loading conditions. The results can help improve design standards 
and fatigue life predictions for these critical structural joints. 
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1. Introduction 

 
       Tubes are a crucial semi-finished product in steel production (V.А. M Steel Statistical Yearbook 2017). When analyzing 
structures under repeated loads, existing methods consider the impact of stress concentration on the development of fatigue 
phenomena (Jukić et al., 2021). However, in tubular assemblies, geometric discontinuities arise due to construction 
requirements, leading to stress concentrations, particularly near weld beads. These zones pose the risk of initiating and 
propagating fatigue cracks (Alaoui,  2015). Various researchers have explored stress intensity factors and crack analysis in 
different contexts (Zhen et al., 2016). Wang and Lambert (2003) employed the weight function method to calculate stress 
intensity factors for surface cracks in T-plate joints under arbitrary mode I loads. Mansouri et al. (2022) identified distinct 
microstructures in steel pipe welded joints. El Fakkoussi et al. (2019) utilized finite element methods to compute stress 
intensity factor Kt in mode I for a longitudinal semi-elliptic crack on the outer surface of a tube. Krešimir et al. (2021) studied 
thermo-mechanical simulation of welding processes, stress mapping, and stress intensity factor (Kt) calculation. Yao et al. 
(2023) explored the effects of various influencing factors on stress intensity factors along the crack front, considering crack 
closure and different conditions under internal pressure. Wang (2016) applied fracture mechanics principles to quantitatively 
analyze propagating cracks, solving the crack problem in T-shaped welded tees in waste heat boilers. Fustar et al. (2018) 
presented a review of common fatigue assessment methods used for welded steel joints. OH et al. (2012) estimated stress 
intensity factors for circumferential cracked pipes under welding residual stress fields.  
 
      The primary goal of this study is to calculate stress concentration factors Kt in T, Y and K shaped tubular joints and 
compare them with existing theoretical solutions in the literature. Furthermore, the research aims to investigate the influence 
of loading modes (tension, bending) on Kt values. By examining these factors, the study seeks to gain valuable insights into 
the behavior and structural integrity of tubular joints, particularly in the three shaped configurations, which can aid in 
optimizing their design and performance. 
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2. Measurement process 
 
2.1 Parametric formulas 
 
      These formulas have been determined on the basis of a large number of analyzes carried out by finite elements and verified 
by tests on complete models. They are based on the work of several research teams spread over several years (Efthymiou, M. 
1988). Beale and Toprac (British Standard 1998) presented a set of parametric equations for T-nodes with axial loading. A 
numerical investigation of the Kt of T, Y and K nodes has been reported by Reber (Guidance on Design 1995) as part of an 
extensive program concerning the study of the limit load of tubular nodes. A numerical methodology was employed, based 
on an analytical solution of the cylindrical shells, following the equations of Donnell (S. A. KARAMANOSet al. 2000) is 
reported by the parametric formulas. 
 
      A numerical technique was employed by Visser (Potvin et al., 1977) to derive the parametric equations for the stress 
concentrations in the T nodes, using shell-like finite elements, developed by Johnson and Clough (Johnson & Clough, 1968) 
for the analysis of thin shells. No particular weld modeling was used. Analytical calculations are used less and less directly; 
these calculations can be done directly using software. Two options are available to the designer:  
 

• The first consists of using numerical calculation tools such as the finite element method to find a numerical Kt value 
and then perform the classic fatigue calculation.  

• The second is a global approach for calculating the fatigue life map, including parameters such as stress concentration 
and multiaxial stresses (British Standard 1998). 
 

2.2 Applied load 
 
      For the study of tubular structures, loads which must be applied to each spacer and which are considered in the calculation 
of the nodes are represented as follows:   
 

• Axial force (traction Tr), 
• In-plane bending (BIP), 
• Bending out of plane (BOP). 
 

      The other components (transverse shear and torsion moment) are usually neglected since these loads do not induce bending 
in the skin of the chord. Axial tension, in-plane bending and out-of-plane bending are normally the design criteria for tubular 
nodes (Efthymiou, 1988). 
 
2.3 Stress distribution 
 
      In any mechanical body with discontinuities, the stresses are not uniform along the surface connecting the spacer to the 
chord (Smedley & Fischer, 1991); Fig. 1 shows the stress distribution in a tubular node with discontinuities in and near the 
junction (brace chord) (Efthymiou, 1988). 
 

 
Fig. 1. Stress distribution in a tubular knot (Veritas, 2004).  

 
     The stress concentration factor Kt is defined as the ratio of the maximum geometric stress to the nominal stress. The 
geometric stress σmax includes all stress components in the vicinity of a weld bead, except the nonlinear stress component, 
which is due to the presence of the weld itself. 
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3. Numerical simulation 
 
      The simulation software used in this study CASTEM software (Castem software). Fig.2 describes the geometry of the 
structure studied according to (Guidance on Design 1995).    

 
Fig. 2. T Structure. 

 
      The weld bead is divided into n identical finite elements around the z axis. In the same way the angle °=Φ 360 all around 
the closed weld bead is divided by the same number of elements n in order to obtain the angular 1Φ position of the first 
element. Consequently, each element i of the weld bead is identified by its angle of positioning iΦ around the axis z.

n/3601 =Φ  and 11 Φ+Φ=Φ + ii (with 11 −≤≤ ni ). 
Given the symmetry of the structure (Fig. 3), our study will relate only to the elements located between the pommel point (

0=Φ i ) and the quarter point ( 90=Φ i ). 

 
Fig. 3. Positioning angle iΦ . 

 
     The dimensions used in the analysis are reported in Table 1.  
 
     The studied structure is made of ordinary steel with the following characteristics: 
E=207GPa, ν =0.3, ρ=7.8E-6Kg/mm3 and α=1.2E-5 (Guidance on Design 1995). For conditions of limits: Blocking of all 
translations (Ux, Uy and Uz) and rotations along the X and Y axes (Rx and Ry). The structure is stressed in tension along the 
ascending Z axis (Fig. 4(a)), along X in bending in the plane (Figure 4(b)) and in bending out of the plane along Y (Fig. 4(c)), 
with an intensity of 4 MPa for each load. Fig. 5 and Fig. 6 represent the conditions of limits for Y and K structures. 
 
Table 1. Structure dimensions (Guidance on Design 1995). 

L = 4130mm T = 12.7mm 
d = 406mm D = 508mm 
t = 9.5mm Weld : 5mm x 5mm 
d/D = 0.8 R/T = 20 
t/T = 0.75 L/D = 16.25 

L = 4130mm T = 12.7mm 
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Fig. 4. Loads applied to T structure. 

 
Fig. 5. Loads applied to Y structure. 

 
Fig. 6. Loads applied to K structure. 

 
4. Results and discussion 
 
4.1 Axial force 
 
      The Von Mises stresses will be calculated at the center of gravity of each of the finite elements, so as to have only an 
average value of the stress tensor per finite element considered. In Fig. 7, we note that the stress concentration around the 
junction is distributed symmetrically and these in two points, it is largely visible in the vicinity of the two quarter points which 
promote the appearance of the hot spot in these two points. 

 
(a)                                                                         (b) 

Fig. 7. (a) Tensile Stress Concentrations T Structure, (b) Zoom of stress concentration zone 
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(a)                                                                         (b) 

Fig. 8. (a) Tensile Stress Concentrations Y Structure, (b) Zoom of stress concentration zone. 

         
(a)                                                                         (b) 

Fig. 9. (a) Tensile Stress Concentrations K Structure, (b) Zoom of stress concentration zone. 
 
4.2 Axial force Bending out of plan (BOP) 
 
     This stress will generate a deformation which will be localized only on the chord (a part undergo a tension and the other a 
compression). One can distinguish a similarity in the distribution of the stress concentration with the tension that is to say that 
the concentration is located at the two quarter points (Fig. 10). 
 
 
 
 
 

 
 
 
 
 
 

Fig. 10. Out-of-plane bending stress concentrations (T structure). 
 
4.3 In plane bending 
 
      In this case, a bending is applied in the direction of the chord, thus creating a deformation made by the compression on 
one side and the traction on the other. Note that most of the deformation is located on the chord near the junction between the 
two tubes, the spacer also undergoes deformation but on a smaller scale (Fig. 11).  
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Fig. 11. In-plane bending stress concentration. 
 
      Contrary to the two preceding cases of loading, the concentration of the stresses is no longer located very close to the 
quarter point but it is deviated towards the pommel point. In the two previous cases we distinguish the presence of two hot 
spots, in the FDP there are four spots, but the symmetry in the distribution of the concentration still exists. 
 
4.4 Calculation of Stress Concentration Factors (Kt) 
 
4.4.1 Simple load 
 
      For reasons of symmetry, two quarters of the T structure will be studied, so the study will focus on the portion located 
between the two pommel points at an angle °=Φ 0 and °=Φ 180 .  Fig. 12 represents the evolution of the stress 
concentration factor (Kt) as a function of the positioning angle ( iΦ ) between (0° and 180°).  

 
Fig. 12. Curve of variation of Kt according to iΦ Stress on the structure. 

      For Axial force, the latter evolves according to the angle ( iΦ ) is reached a maximum (Kt=8.99) located at  ( iΦ =900) 
cartier point. For the case of out of Plan Bending, notes that the concentration evolves in the same way as in the case of 
traction, except that the values are lower than those of traction. The minimum value is always located at the pommel point at 
an angle and the maximum value at °=Φ 0i the quarter point at an angle °=Φ 90i (Kt=10.36). It is noted that in the case of 
the BOP the hot spot has a value greater than that of the traction. For Bending in Plane, the same way as in the case of the two 
other loadings, the curve representing the evolution of the Kt as a function of iΦ is drawn, but this time the shape of the curve 

is totally different from the two others. The stress concentration factor always evolved according to ( iΦ ) and this time it 

presents two peaks: The first peak (Kt=4.77) located at the point ( iΦ =58.50) and the second peak (Kt=4.77) located at the 

point deviate from the neighborhood point located at ( iΦ =121.50). 
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      The concentration in this case, evolves gradually from the pommel point until reaching a maximum value at an angle and 
then begins to decrease until the quarter point. We note here that the hot point is no longer located at the quarter point like the 
other two cases. 
 
4.4.2 Combined Loads 
 
     We apply a load combination from a traction and bending out of the plane (BOP) in first, next a load combination from a 
traction and bending in plane (BIP) with a load ratio equal to one (Tr/BOP=1, Tr/BIP=1 with a load =4MPa). In Fig. 13 the 
evolution of the stress concentration factor (Kt) as a function of the positioning angle ( iΦ ) between (0° and 180°) have 
represented. In the case of bending out of the plane (BOP), we have observed that the latter evolves as a function of the angle 
( iΦ ) and grasse than a maximum (Kt=0.88) located at ( iΦ =90°) cartier point. In the case of bending in plane (BIP), we 

found that the latter evolves according to the angle ( iΦ ) and fat that a maximum (Kt= 0.17) located at ( iΦ = 90°) cartier 
point. 

 
Fig. 13. Curve of variation of Kt according to

iΦ Stress on the structure. 
 
      We have represented the curves of (Kt) as a function of the positioning angle (Фi) and those for the aforementioned loads. 
In Fig. 14 and Fig. 15, we constantans that the pace of the curves of variation of the stress concentration factor according to 
the angle of positioning (Фi) is similar for the two structures (Y and K) Only the two structures Y and K exhibit 4 peaks. 

 
Fig. 14. Comparison of variation curves of kt =f(Фi) of Structures (T, Y and K) under Tensile loading. 
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Fig. 15. Comparison of Curves of variation of kt =f(Фi) of Structures (T, Y and K) under combined loading (Tr/Bop). 

 
4.5 Comparison of Results 
 
     The values of the stress concentration factor corresponding to the hot spots for the junctions (T, Y and K) are grouped in 
Table 2; as for the curves of the latter, they are shown in Fig. 10 and Fig. 11. 
 
Table 2. Results obtained by our calculations in the cases of the loadings: Tr, Bop, Bip, and the combinations Tr/Bop, Tr/Bip 

 
Loading 

T Y K 
kt 

Tr kt =8.99 ; Фi =900
 kt = 10.31 ; Фi =00 

kt = 18.34 ; Фi =112 
kt = 18.65 ; Фi =680 
kt = 9.77 ; Фi =144.660 

Bip kt =10.36; Фi =900
 kt = 4.92 ; Фi =94.300 kt = 4.16 ; Фi =76.980 

kt = 5.66 ; Фi =1800 
Bop kt =4.77; Фi =58.50 

kt =4.77 ; Фi =121.50 
kt = 1.98 ; Фi =00 
kt = 2.62 ; Фi =1120 

kt = 5.08 ; Фi =85.700 

Tr/Bop kt = 0.88 ; Фi =900 kt = 2.58 ; Фi =00 
kt = 4.58 ; Фi =1120 

kt = 4.66 ; Фi =680 
kt = 2.44 ; Фi =144.640 

Tr/Bip kt = 0.18 ; Фi =900 kt = 0.51 ; Фi =00 
kt = 0.92 ; Фi =1120 

kt = 0.78 ; Фi =680 
kt = 0.41 ; Фi =144.640 

 
Table 3. Comparison of our results with the authors' results 

   Authors 
 
Loading 

Kuang et al. 
(1975) 

Gibstein (1978) N’diaye et al. 
(2007) 

Pang et Lee 
(1995) 

Our Results 

Kt 
 
Tr 

T 9.6 11.2 9.62 / 8.99 
Y 8.3 11.7 9.62 / 18.34 
K 18.8 14.2 13.62 / 18.65 

 
Bop 

T 8.6 11.3 10.45 / 10.36 
Y 3.3 4.6 3.11 / 4.92 
K 2.9 4.3 6.45 / 5.66 

 
Bip 

T 3.3 3.4 3.11 / 4.77 
Y 2.6 2.3 2.73 / 2.62 
K 3.3 3.4 3.11 / 5.08 

 
Tr/Bop 

T / / / 1.17 0.88 
Y / / / 5.1 4.58 
K / / / 4.26 4.66 

 
Tr/Bip 

T / / / 1.81 0.18 
Y / / / 0.91 0.92 
K / / / 1.18 0.75 
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        According to the values of Table 2, we note that the stress concentration factor varies according to the geometry of the 
structure considered, and the loading applied. 

 
From Fig. (14) and Fig. (15), the stress concentration factor curves (for Y and K structures) show some symmetry with 

respect to the positioning angle with slightly different values, and this for loadings such as: traction, combination (Tr/Bop) 
and combination (Tr/Bip). 

 
     According to Fig. (8) and Fig. (9), structures Y and K present in all loading cases four hot spots located respectively at the 
points: pommel and/or deviated from the quarter point , except in the case of in-plane bending (for the K-type structure) with 
two hot spots slightly deviated from the neighborhood point. 

 
      In Table 3, we compared the results of the stress concentration factor obtained by our calculations with those of the various 
authors (Kuang et al., 1975; Gibstein & Moe, 1981; Nazari et al., 2007).  

 
      We note that the results obtained by our calculations are closer to those obtained by A. N'diaye, Gibstein and Pang for the 
T structure and the authors Pang and A. N'diaye for the structures (Y and K). 
 
5. Conclusion 
 
       The objective of this study was to determine the stress concentration factors in T, Y and K junctions. Our approach was 
to use the finite element method with the Castem 2021 software to locate hot spots or areas of high stress concentration 
stresses, which often constitute sites of initiation and propagation of fatigue cracks, the second objective is to calculate stress 
concentration factors; this method seems the best suited, because of the complexity and geometric discontinuity of the tubular 
knots. 
 
       This study allowed us to show that the hot spots are generally located at the neighborhood points in the case of the 
structure (T) for the loadings: tension, bending out of the plane with values of the stress concentration factor which can reach 
(Tr:8.99, BOP:10.36, BIP:4.77) and which are satisfactory compared to those found by Nazari et al. (2007) (Tr:9.62, 
BOP:10.45, BIP:3.11). Otherwise at the pommel point and/or deviated from the quarter point in the case of type 
structures (Y and K) in all loading cases (except the case of in-plane bending for K); our Kt values are close in this 
case to the values obtained by the authors A. N'diaye and Pang. 
 
       The numerical model used has been validated by previous studies devoted to T, Y and K type junctions. These studies 
have shown that the results obtained are very close to those calculated using the parametric equations of Lloyd and Eftemieux 
in the case of a tensile stress, bending in and out of the plane. These results are nevertheless slightly higher in practically. 
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