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Abstract. The service life of an offshore structure is an important variable 

to consider in the sustainability of an infrastructure. The service life could 

be assessed through fatigue assesment of the critical tubular joint 

considering the hot-spot stress near the weld of the joint. Another important 

parameter in assessing the fatigue is degree of bending of the joint which 

represents the stress distribution beneath the thickness. Finite Element 

Method based analysis makes structure modelling more advanced and 

detailed for complex structures. In this study, a case of jacket offshore 

structure tubular joint, DTKY-type, is modelled by using FEM-based 

software. Stresses in the tubular joint model will be evaluated for axial load 

acting on the brace members in a tension-compression combination mode. 

Non-dimensional geometry parameters such as 𝛽, 𝛾, and 𝜏 are varied to 

determine their effects on the degree of bending of the joint. The study  show 

that stress distribution could be well obtained at the critical points of the joint 

and β generally decreases the degree of bending of the joint at the position 

of saddle and crown. Meanwhile, γ and τ both, generally increases the degree 

of bending at the saddle and crown positions. 

1 Introduction 

A jacket sub-structure is a part of a jacket offshore structure comprises of members in the 

form of steel circular hollow sections (CHS), which are circularly hollow-shaped tubes, 

commonly known as tubular members. A tubular joint, refers to the connection point between 

tubular components, where another member, called brace, is welded to the main member 

surface (chord). The brace can be one or more to transfer the structural load [1]. Based on the 

branching configuration, two types of tubular joint are classified. Uni-planar is the that have 

branching configuration between chord and braces in one dimensional plane. Meanwhile, 

multi-planar consists of more than a plane, in general, two or three planes [2, 3]. More 
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intersections in multi-planar joints lead to more complex behaviour than uni-planar that 

encourage the researchers in developing more simple way to analyze.  

In a jacket platform, the tubular joint is subjected to continous loading from the 

environmental conditions, especially waves, making it the most vulnerable part in terms of 

stress concentration. As a result, the tubular joint is a critical component in the occurrence of 

fatigue and damage, which significantly affects the service life of the jacket platform. 

The service life calculation process typically uses the S-N Curve approach, based on hot 

spot stress, which seeks the highest stress in critical areas located in welded regions. 

However, according to Ahmadi's 2019 research [4], different geometry in tubular joints give 

significant difference of failure cycle count although share the same hot spot stress. These 

variations arise from shifts in crack growth rates, a factor influenced by the stress distribution 

across the thickness of the tubular structure. Hence, the fatigue life of tubular joints, 

frequently encountered in ocean structures, is influenced not only by the hot spot stress value 

but also significantly affected by the stress distribution throughout the tubular thickness, as 

indicated by the degree of bending (DoB). 

As mentioned earlier, it is clear that the parameter hot spot stress is not enough to describe 

the fatigue failure mode. Thus, the calculation of current hot spot stress is proposed to 

consider the degree of bending influence. By including the stress through the member 

thickness, fatigue life prediction could be more accurate [1]. The DoB than expressed as the 

rasio between overall stress (𝜎𝐵) and bending stress (𝜎𝑇), which also consider the member 

stress (𝜎𝑀). Equation 1 shows the mathematical function of DoB. 

degree of bending=
σB

σT
=

σB

σB+σM
    (1) 

Based on the explanation above, this research focus about the influence of dimensionless 

geometric parameter of multi-planar tubular joints on the degree of bending. The DoB along 

the weld toe subjected to specific loading conditions is mainly affected by the joint geometry. 

To investigate the performance of a tubular joint and establish a clear connection between 

this performance and the geometric attributes of the joint, a set of dimensionless geometrical 

parameters. The geometric characteristics β, γ, τ, pertain to the tubular member dimensions, 

specifically diameters of chord (D) and brace (d), the wall thicknesses of chord (T) and brace 

(t), as well as their respective lengths of chord (L) and brace (l). These parameters are crucial 

for determining the critical locations along the weld joint where the calculation of the DoB 

values is required. These key positions include the inner saddle, outer saddle, toe, and heel 

of the tubular structure at the intersection between the brace and chord. 

2 Materials and methods 

2.1 Finite Element Modeling 

In this study, finite element-based, was employed for the purpose of modeling and analyzing 

DTKY-joints with multiple planes under axial loads. This was done to obtain the DoB needed 

for the parametric analysis. This section provides a comprehensive overview of the finite 

element modeling and analysis procedures used. The tubular joints to be analyzed are focused 

on multiplanar DTKY tubular connections. The selection of these connections is based on 

the highest unity check values from previous analysis, specifically the global analysis. 

The DTKY-joint will be modeled using solid element types. In this geometry modeling, 

the dimensions of the tubular connections used are identical to the ones in the field model. In 

addition to modeling the geometry, this modeling will also include the geometry of the welds 
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that connect the chord and brace. To expedite analysis, the modeled tubular joints do not 

utilize the original connection length. Iti is necessary to truncate the members in accordance 

with the rules established [7], where the minimum cutting length is 6 times the outer diameter 

of the member. Here is Figure 1 which illustrates the results of the geometric modeling of the 

tubular joints. 

 

Fig. 1. FEM Model 

2.1.1 Load and Boundary Conditions on the Model 

The joint model was subjected to boundary conditions designed to replicate the real structure 

accurately. As shown in Figure 2 (a), the applied loads were a combination of axial forces 

that consist of three tensile forces and two compressive forces. Loads are applied at the top 

surface are of each brace from the previous global analysis. 

The critical connection model is endowed with boundary conditions to effectively capture 

the true structural representation. Boundary constraints are imposed at both ends of the chord 

in the form of fixed supports. In the context of structural FE analysis, the term "fixed support" 

denotes the comprehensive restriction of all degrees of freedom, thereby precluding any 

motion of the model elements. 

    

(a) (b) 

Fig. 2. (a) Fixed Support; (b) Applied Load 

2.2 Mesh Generation 

As detailed in the earlier subsection, the author employed solid elements in this finite element 

analysis to simulate the brace, chord, and welds. This type of element exhibits compatible 

displacements and is particularly suitable for representing curved boundaries. 
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Fig. 3. Mesh Zone 

Meshing is a crucial component of finite element based simulation which discritize the 

model into smaller elements. This method improves the precision of the outputs by breaking 

down the model into finer subdivisions. The analysis involves augmenting the number of 

mesh elements in the model and then comparing the results from each stress probe. The 

addition of the number of mesh elements is continuously carried out until the stress probe 

reaches a constant value with a maximum error of 2%. Application of mesh in this analysis 

uses two types of elements, namely tetrahedron and hexahedron elements. Hexahedral mesh 

elements can be used in sub-zones with more regular shapes or in this model, in areas that 

are away from welds. Tetrahedral mesh elements are used for the weld modeling. Figure 3-5 

show the mesh configuration of the tubular model. 

 

Fig. 4. Generated Mesh of the Model 

 

Fig. 5. Probe Stress 
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2.3 Variation of Geometric Parameters 

Variation of geometric parameters is conducted to investigate their influence on the Degree 

of Bending. The varied parameters are non-dimensional parameters in terms of β, γ, and τ. 

Each parameter value refers to the range provided by [6], as well as considerations of the 

main geometry range. The following Table 1 presents the varied geometries applied to the 

model. 

Table 1. Geometrical Parameters 

Parameter Value 

𝛽 0.3 ; 0.4 ; 0.5 

𝛾 21 ; 31 ; 41 

𝜏 0.3 ; 0.4 ; 0.5 

3 Results and discussion 

3.1 Maximum Stress 

The analysed output results for the DTKY-joint are based on equivalent stress. Equivalent 

stress, commonly called von Mises Stress, is the widely used to describe the entire stress 

tensor (or "state of stress") at any point within the model at a glance. The respective location 

of maximum equivalent stress is presented in Figure 6 below.  

 

Fig. 6. Maximum Stress 

3.2 The Calculation of Hot-spot Stress  

Degree of bending require hot-spot stress that happend at the inner and outer tubular member 

surfaces. The calculation of hot-spot stress in this study is conducted using the linear 

extrapolation method with 2 reference extrapolation points, namely at the points 0.4thickness 

and 1.4thickness, where t represents the thickness of the brace [ ]. Both of these points 17 have 

the weld toe as zero point, where the highest stress occurs. The following is an illustration at 

Figure 7 the hot-spot stress extrapolation points [9]. 

 The calculation of hot-spot stress in this research is exclusively performed on the critical 

members under the previously described loading conditions. Furthermore, this study focuses 

solely on stress within four specific regions: Right Crown (RC), Front Saddle (FS), Left 

Crown (LC), and Back Saddle (BS). 
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(a) (b) 

Fig. 7. (a) Point of Extrapolation Hot Spot Stress (b) Specific Region for Hot Spot Stress 

Here are Figure 8 through Figure 11, which present the results of the hot spot stress 

calculations for each location. Total of nine variation are conducted for each location. 

 

Fig. 8. Hot Spot Stress Result at Right Crown 

 

Fig. 9. Hot Spot Stress Result at Front Saddle 
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Fig. 10. Hot Spot Stress Result at Left Crown 

 

Fig. 11. Hot Spot Stress Result at Back Saddle 

At the Right Crown location, the inner hot-spot stress is at variation C with a value of 

29.47 MPa, and the outer hot-spot stress is at variation I with a value of 217.34 MPa. Moving 

on to the Front Saddle location, the inner hot-spot stress is at variation C with a value of 15.02 

MPa, and the outer hot-spot stress is at variation F with a value of 273.43 MPa. At the Left 

Crown location, the inner hot-spot stress is at variation C with a value of 29.80 MPa, and the 

outer hot-spot stress is at variation C with a value of 229.38 MPa. Finally, at the Back Saddle 

location, the inner and outer hot-spot stress is at variation I with a value of 58.81 MPa and at 

variation a with a value of 108.72 MPa, respectively. 

3.3 Degree of Bending 

Based on the Ahmadi et al. [2], the Degree of bending is obtained from the hot spot stress on 

the outer and inner surface of the chord as previously shown in equation 1. Then, the equation 

is derived to Equation 2 with 𝜎𝐼 is the inner hot-spot stres sat the weld toe and (𝜎𝐼) is the outer 

one.  

DoB=
1

2
(1-

σI

σO
)     (2) 

3.3.1 Effects of Parameter β on Degree of Bending 

The parameter β represents the ratio of brace outer diameter with chord outer diameter. 

Consequently, any increment of this parameter lead to the increasing of brace and chord outer 
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diameters in size. Figure 12 presentes result of beta parameter variation effect on degree of 

bending. It could be seen that an increase in β generally decreases the value of the degree of 

bending. 

 
Figure 12. Effects of Parameter β on Degree of Bending 

3.3.2 Effects of Parameter γ on Degree of Bending 

The parameter γ is a ratio that assesses the slenderness of the chord, with its value comparing 

the outer diameter of the chord to the chord thickness. Consequently, an increase in the γ 

parameter will influence both the size of the outer diameter and the thickness of the chord. 

  

Fig. 13. Effects of Parameter γ on Degree of Bending 

Based on the results presented in Figure 13, it can be seen that the increase in γ generally 

has different effects in each position and loading condition. For regions three areas, namely 

Front Saddle, Left Crown, and Back Saddle, experience an increase along with the increase 

in the gamma parameter. However, in the Right Crown area, there is a decrease as the gamma 

parameter increases. 
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3.3.3 Effects of Parameter τ on Degree of Bending 

The parameter τ represents the ratio of brace thickness to chord thickness. Hence, any 

increase in the value of parameter τ will impact both the thickness of the brace and the 

thickness of the chord. 

 

Fig. 14. Effects of Parameter τ on Degree of Bending 

The effect of gamma parameter to DoB is presented in Figure 14. From the figure, it can 

be concluded that an increase in τ generally increases the value of degree of bending. 

However, most of these increases are not significant in the four positions and three loading 

conditions. For example, in the Left Crown, the values of each degree of bending fluctuate 

with very small differences. 

4 Conclusion 

This research is concluded to several characteristics of DTKY-joint due to geometrical 

variations. The maximum stress observed in the multi-planar DTKY-joint under axial loads 

is 162.12 MPa, occurring at the brace toe area. This is attributed to the DTKY-joint 

experiencing the highest axial load among the other braces. The impact of geometric 

parameters τ, γ, and β on the degree of bending in DTKY connections shows varied effects. 

Specifically, the β parameter tends to decrease the degree of bending, while the γ parameter 

generally increases it. The τ parameter also tends to increase the degree of bending, although 

the increase is not significant. 
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