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Numerical Analysis of Tubular XT Joint of Jacket Type
Offshore Structures under Static Loading

Md. Jobayer Mial*, Md. Abidul Islamz, Asif Kabir® and Mehran Islam*

Abstract

Jacket structures are made of welded tubular space frames supported by a lateral
bracing system. Tubular members are made up of structural steel. In an offshore
structure, their primary job is to resist yield and buckling loads. They are also used to
resist lateral loads. There are various types of tubular joints like T, K, KT, XT, etc. and
each of the joints has significance, depending on the structure design and environment.
These joints are subjected to various types of cyclic loading. As a result, fatigue failure
occurs with the passing of time. In this study, the Finite Element Model of the XT-type
tubular joint has been created and analysis has been done under static loading by using
the STATIC STRUCTURAL analysis system of ANSYS 19.2 commercial software. The
XT tubular model was analyzed under different load cases, and corresponding values
for stress, strain, and deformation were tabulated. Using the maximum stress value, the
yield point of the joint was also determined. The results highlighted that as the
thickness of the joint increases, the values of maximum stress, strain, and deformation
decrease. It was also observed that for tensile and compressive loading, the joint
yielded at 30 KN of loading.

Keywords: Tubular joint, XT joint, Jacket structures, Chord, Brace, Static strength
analysis.

1. Introduction

The jacket is one of the most important structural components to establish an offshore
structure in the marine environment. It is installed to sustain the decks of the structure
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under various loads. The factor of safety is an essential calculation, and it is calculated
before designing the jacket. It assures that, the jacket can sustain in extreme weather
conditions. The jackets are made of tubular sections, and the sections are made of anti-
corrosive materials. These sections are connected by joints around the structure. There
are many types of tubular joints available, such as T joint, K joint, Y joint, KT joint, XT
joint, DT joint, X joint, DKDT joint, DYDT joint, DT joint, etc. An illustration of
different tubular joints is presented in figure 1.
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Figure 1. Types of tubular joints (Saini et al. 2016).

A tubular joint has two primary parts. One is called the chord that has the largest
diameter, and the other part is known as the brace. The classification of the tubular
joints is not only entirely determined by the geometry but also by the axial loads of
different members. Tubular joints are designed to resist various types of loads. Such as
wave load, marine growth loading, etc. The loads also vary with the marine
environment. The service or longevity of a jacket structure significantly depends on the
members, joints, etc. These loading conditions can easily cause a joint failure that might
lead to a breakdown of the offshore structure. Therefore, the analysis is a must before
designing the jacket, so it can resist the loads even in extreme conditions.
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In this study, an XT-type tubular joint has been modeled and numerical analysis has
been performed using the Finite Element Method (FEM). The XT tubular joint has one
chord and two braces (reference brace and carryover brace). A typical XT tubular joint
has been presented in figure 2.

Figure 2: lllustration of tubular XT joint (Saini et al. 2016).

Axial loading (tensile and compressive) and bending moment were applied in the model
to calculate the corresponding maximum stress, strain, and deformation values. The
results of this study will highlight the features of the XT joint and may help the
structure's designers work to increase the lifespan of the structure.

2. Literature Review

Offshore structures are installed on the seabed for the exploration of oil and gas from
the sea bottom. Tubular joints are widely used as a primary construction element. These
joints resist various types of loads to provide stability to the structure. Otherwise, it is
naturally tougher to work in the marine environment. Many researchers and experts are
working on these joints to make them more sustainable for decades. Aaghaakouchak
and Dharmavasan (1990), Ramachandra et al. (1992), and Nwosu et al. (1995) worked
with various types of tubular joints and their behavior on different loads. Researchers
tried to find errors in their respective joint designs and compared the model analysis
with experimental data to make further improvements for the real-life structure. Similar
kinds of work can be found on Mayers et al. (2001) and Hoon et al. (2001) with
different load conditions. Santosh Sawant and Muthumani (2020) worked on the K joint
and KT joint have shown a comparative analysis over the same loading condition.
Bittencourt et al. (2007) also worked on the K joint under static loading and compared
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the numerical results to the experimental results. The same approaches were also used
by Cao et al. (1998), Packer et al. (1993), Choo et al. (2003), and Koseteski et al. (2003)
to analyze the K and KT joints. There is a pile of work on the T joint as well.
Satyanarayana et al. (2011) analyzed T joint and compared the results with
experimental results. Hamed et al. (2001) performed an analysis on elliptical T-tubular
joints and compared the result with circular chord tubular joints. The analysis was
performed through finite element analysis or the finite element method. Murthy (2002)
worked on unstiffened T-joints. He estimated the strength of the joint under axial
compression load. Cofer and Will (1992) developed a non-linear finite element
computer program to model welded tubular T joints and DT joints. Many researchers
thought about theoretical approaches to describing tubular joints. Beale and Toprac
(1967) analyzed T, Y, and K joints using theoretical formulae.

There is also a large amount of work-based deflection criteria. Deflection criteria are
directly related to stress-strain values. Lu et al (1994) proposed a limit for the
deformation. Later, Choo et al. (2003) used that deformation limit to evaluate the axial
and rotational capacity of a joint subjected to the corresponding brace axial or moment
loads. Moreover, the Stress Concentration Factor (SCF) is a vital subject for numerical
analysis of tubular joints. It helps to understand stress-strain characteristics in detail.
Ahmadi et al. (2012) Ahmadi and Yaghin (2012), Dallyn et al. (2015) have a diverse
body of work in SCF-related studies. Cheiw et al. (1999) and Ahmadi and Kouhi (2020)
analyzed XT joints and displayed their important findings.

The analysis of the XT joint is shown in the current study. The type of analysis shown
in this paper can be found in Chandran and Arathi’s (2016) work on K joint. The
features of tubular joints under tensile and compressive loading, as well as bending
moment, will be numerically analyzed in this work. The efficiency and applicability of
XT tubular joints in jacket-type offshore structures will also be investigated in the
present study.

3. Methodology

In this study, the Finite Element Method (FEM) was used to analyze the XT tubular
joint. FEM was used because it is difficult to use closed-form solutions for determining
stress and strain in tubular structures due to the complex geometry of the joints (Sadat
Hosseini et al. 2018). For the current study, numerical analysis of the model has been
performed by following the steps shown in figure 3.
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Figure 3: Steps of the model analysis.

3.1 Governing equations

Stress (o) is the measurement of applied forces per unit area at a point of a solid body.
The stress field is expressed in vector form o= {0 (X, y, z)} as-

T
0 =[0x,0y,00Tyz Toxs Tay] (1)

Where oy, 0y, 0, are normal stresses and Ty,, T,x, Txy are shear stresses. Von Mises stress
is used as a criterion for determining the onset of failure in materials (Chandrupatla and
Belegundu 2009). The Von Mises stress vy is given by-

GVM = /112 - 312 e (2)

Where I; and I, are the first two invariants of the stress tensor. For the general state of
stress, I; and I, are given by

I =0y +0y+0,
— 2 2 2
I; = 650y + 0y0, + 0,0, Ty, — Tz — Txy - (3)

“Strain (€) is the ratio of the change in length caused by the applied force, to the
original length (Singer and Pytel 1980)”. Strain in vector form is represented as

T
€= [Exr Ey’ EZI ]/yZl ny, }/xy] (4)
Where, €, €,, €, are normal strains and Yy, ¥zx, Vxy are shear strains.

If the axial stress is applied in the x-direction, then strain is represented as (Budynas
and Nisbett 2014)-

(&)
€, = F’“ (5)

Where E is the modulus of elasticity. For small deformation, the strain displacement
relation is signified as (Chandrupatla and Belegundu 2009)-

e ou dv Jdw 6v+6w 6u+6w 6u+6v]T
~ lox’'dy ' 0z ‘0z dy ‘0z ox 'ox = Ox
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3.2 Numerical modeling

Numerical modeling for the current study was done by using ANSYS 19.2 software.
The geometry of the XT tubular joint was created in the design modeler of the
programming bundle of ANSYS named STATIC STRUCTURAL. The selection of
dimensions depends on the pile sizes that are going to be installed in jacket-type
offshore structures (Santosh Sawant and Muthumani 2020). For the current study, the
dimension of the model has been chosen as the proposed model of Hamid et al. (2001)
for determining suitable results. The dimension of different geometric parameters of the
model is shown in table 1. The developed model for this study is shown in figure 4.

Table 1: Geometric dimension of XT joint.

Geometric Chord | Brace
Parameters
2 b A7
Diameter 76.2 42.5
mm mm
2
Length 440 mm 200
mm
Thickness 2 mm 2 mm 5 . i

Figure 4. Developed XT tubular joint model.

Structural steel was used to model the geometry. Young’s modulus and Poisson’s ratio
were chosen as 2x10° MPa and 0.3, respectively. The material properties of the model
are shown in table 2.

Table 2: Material specifications of the model.

Engineering Properties Specifications
Material used Structural steel
Density 7850 kg/m’
Young’s Modulus 2x10° MPa
Poisson’s Ratio 0.3
Bulk Modulus 1.67 x 10" Pa
Shear Modulus 7.69 x10' Pa
Yield Stress 250 MPa
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3.3 Meshing

Meshing is a phenomenon in which the entire geometry is divided into smaller elements
to obtain correct results under specific loading situations (Lie et al. 2003). For this
study, the meshing of geometry wsas done in the meshing module of the STATIC
STRUCTURAL workbench. Customized element size type meshing was selected. To
avoid numerical errors, an effort was made to design a regular mesh with the correct
element size (Bittencourt et al. 2007). The default meshing size was 31.927 mm, but it
was reset to 10 mm to have quality meshing. The model was divided into 20474 nodes
and 10139 elements for the ease of simulation and getting good results. The physical
preference for meshing was mechanical (Ahmadi and Masoud 2019). The generated
mesh of the model is shown in figure 5.

0.00 150.00 300.00 {(mm)
I 4 .

75.00 225.00

Figure 5: Generated mesh for the XT tubular joint model.

3.4 Boundary conditions and loading

In this study, boundary conditions were applied to the chord. As the ends of the chord
are welded into jacket-type offshore structures. So, the ends of the chord were kept
fixed for all degrees of freedom. Three types of loading such as tension, compression,
and bending moment were applied during this study. For tension and compression, the
force is distributed equally to each of the free ends of the braces where the upward
direction of loading indicates tension and the downward direction of loading indicates
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compression. Both tensile and compressive loading were applied as remote forces in the
ANSYS simulation module so that the forces could be distributed uniformly along with
the braces (Chandran and Arathi 2016). The bending moment was also applied at the
end of the braces. While applying bending moment, a couple formed and the net
direction was perpendicular to the chord. Loads and moments were applied gradually so
that the corresponding stress, deformation, and strain values could be obtained
evidently. The boundary conditions and loading are shown in figure 6.

(c)

Figure 6. lllustration of boundary conditions and applied (a) a compressive force, (b)
tensile force, and (c) bending moment.
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4. Results and Discussion

After completing the analysis in the ANSYS workbench, the maximum values of stress,
strain, and deformation have been found for different load cases and have been
described in this section. These results are demonstrated by using tables, graphs, and
visual representations.

4.1 Load cases and yielding points of the model

The yield point is defined as the point where the material deforms a larger amount with
a small increase in loading. After this point, the plastic region of the material starts.
Three types of loads (compression, tension, and bending moment) were applied
separately in the model and for each case, the loading was increased gradually, and
analysis was done to obtain the yield point of the model.

The yielding point of the model was found at 30 KN for axial compression and tension.
And, for the bending moment, the yield point was found at 0.74 KNm of the applied
moment. Table 3 shows yielding points for all the load cases.

Table 3: Load cases and yielding points of the model.

Load type Yielding point
Compression (KN) 30
Tension (KN) 30
Bending moment (KNm) 0.74

4.2 Relation of maximum stress, strain, and deformation with chord thickness

For both tension and compression, chord thickness and loads have been increased
gradually. As a result, maximum stress decreased with higher chord thickness, and the
yielding point was found in the larger load value. Representation of the equivalent
stress, strain, and deformation distribution of the model under axial forces is
demonstrated in Figure 7.
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(©)

Figure 7: Representation of equivalent (a) stress, (b) strain, and (c) deformation
distribution of model under axial forces.

Table 4 is showing how the maximum stress is changing with load and chord thickness.
It defines that a joint can stand without any fracture even in a higher amount of load
when the thickness rises.
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Table 4: Maximum stress values for different loads varying thickness.

309

Load (KN) Maximum stress (MPa)

2 mm 4 mm 6 mm
32 269.16 112.04 62.28
34 285.99 119.05 66.18
36 302.82 126.06 70.11
38 319.63 133.07 74.01
40 336.46 140.08 77.90
42 353.29 147.09 81.80
44 370.30 154.10 85.69
46 386.93 161.11 89.59
48 403.74 168.12 93.48
50 420.57 175.11 97.38

It is found from table 4 that the maximum stress is 269.16 MPa when the load is 32 KN
and the chord thickness is 2 mm. But the stress reduced by 58.37% under the same load
just after increasing the thickness by 2mm, and it became 112.04 MPa only. It reduced
by 44.12% more when the thickness becomes 6 mm. At the bottom, the stresses are
420.57, 175.11, 97.38 MPa under 50 KN axial loads with the thickness of 2, 4, 6 mm
respectively. So, the maximum stress has a proportional relationship with the loads, but
a disproportional relationship with the chord thickness. In both ways, a linear graph is
found and it has been shown in Figure 8. The graph shows a huge decrease of stress
when thickness increases from 2mm to 4 mm, but a slight decrease of stress when
thickness increases to 6 mm from 4 mm.
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Figure 8: Variations in maximum stress for different thicknesses.
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Primarily, a material deforms due to applied forces (internally or externally). There are
two types of deformation, elastic and plastic. When the joint is unable to handle the
load, it fractures. Table 5 shows the change of maximum deformation under increasing
load and thickness. Maximum deformation increases if the axial load is increased,
which indicates a proportional relation, but deformation decreases if the thickness is
increased. The deformation is 0.61 mm under 32 KN load with 2 mm thickness. And
deformation increases with higher loads on the same thickness, it becomes 0.96 mm
under 50 KN loads.

Again, for 34 KN load, the deformation is found at 0.16 mm and 0.08 mm with 4 mm
and 6 mm of thickness respectively. This disproportional relation is true for every case.
Table 5: Maximum deformation values for different loads varying thickness.

Load (KN) Maximum deformation (mm)
2 mm 4 mm 6 mm

32 0.61524 0.16396 0.08120
34 0.65372 0.17421 0.08630
36 0.69219 0.18446 0.09180
38 0.73061 0.19471 0.09690
40 0.76908 0.20496 0.10200
42 0.80756 0.21521 0.10710
44 0.84604 0.22546 0.11220
46 0.88452 0.23571 0.11730
48 0.92301 0.24596 0.12240
50 0.96148 0.25619 0.12750

= - ® - 2 mm thickness

S 06+ - ® 4 mm thickness

E & B mm thickness

é s

£ R

30 a2 34 36 38 L:Dad l'::‘} 44 45 48 50 82

Figure 9: Variations in maximum deformation for different thicknesses.
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Figure 9 shows the graphical representation of changing deformation under various
loads and thicknesses. The deformation drops significantly when the thickness is
increased from 2 to 4 mm. But when the thickness is increased from 4 to 6 mm,
deformation drops slightly.

Earlier, the deformation had been explained. The quantity that can describe deformation
is known as strain. Strain is a ratio between the amount of deformation experienced by
the body in the direction of force applied and the initial dimensions of the body. Table 6
describes the change of strain under increasing load with increasing thickness.

It 1s found that the strain increases when the load increases, but it decreases when the
thickness decreases. Maximum strain is found at 0.002 mm when the load is 32 KN and
the thickness is 2 mm. But it becomes 0.0007 mm and 0.0003 mm under the same load
with 4- and 6-mm thickness respectively. The same pattern goes with other loads as
well.

Table 6: Maximum strain values for different loads varying thickness.

Maximum strain (mm/mm)
Load (KN)
2 mm 4 mm 6 mm
32 0.002003 0.000721 0.000350
34 0.002128 0.000766 0.000370
36 0.002254 0.000811 0.000396
38 0.002379 0.000856 0.000418
40 0.002504 0.000901 0.000440
42 0.002629 0.000946 0.000462
44 0.002754 0.000991 0.000484
46 0.002880 0.001037 0.000506
48 0.003005 0.001082 0.000528
50 0.003130 0.001127 0.000550

Figure 10 shows the graphical view of the findings from Table 6. Maximum strain goes
down dramatically when the thickness is increased from 2 to 4 mm, but when the
thickness reaches 6 mm, the strain value drops slightly.
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Figure 10: Variations in maximum strain for different thicknesses

4.3 Bending Moment

The bending moment is the third type of load, which is the internal reaction to a
bending load that has been used here to analyze the tubular XT joint. It acts on a surface
that is normal to the neutral axis. Figure 11 shows the equivalent stress, total
deformation, and equivalent strain distribution caused by the bending moment of the
tubular XT joint.
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(a) (b)

(c)

Figure 11: Representation of (a) equivalent stress, (b) total deformation, and (c)
equivalent strain distribution of model under bending moment.

Table 7 describes the relationship between stress, deformation, and strain with bending
moment (BM). All three have a proportional relationship with BM. Stress, deformation,
and strain. All three increase when BM increases. Maximum stress is 260.06 Mpa when
BM is 0.75, and it reaches 343.95 Mpa when BM is 1. The other two increase in the
same manner.
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Table 7: Maximum stress, deformation, and strain values for different bending

moments.
BM (KNm) Maximum Stress Maximum Maximum strain

(MPa) deformation (mm) (mm/mm)

0.75 260.06 0.22818 0.0013305
0.78 271.03 0.23731 0.0013837
0.81 281.45 0.24643 0.0014369
0.84 291.87 0.25555 0.0014901
0.87 302.29 0.26467 0.0015433
0.91 312.71 0.27379 0.0015965
0.94 323.13 0.28291 0.0016497
0.97 333.55 0.29203 0.0017029
1 343.95 0.30115 0.0017561

As it is mentioned that BM keeps a proportional relation with stress, deformation, and
strain. So, it produces a linear graph. Figure 14 proves that with graphical view.

Maximum Stress (MFa)
Maximum Deformation {mm)
e
I

o1 b0 es 090 05 100 0.5 a0 abs 050 o5 100
Bending Moment (KNm ) Bending Moment (KNm)

Maximum Strain {mrmm)
g

T T T T T
0rs 080 0485 090 085 100

Bending Moment (KNm)

Figure 12: Illustration of maximum stress, deformation, and strain under bending
moment.
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5. Conclusion

The XT tubular joint is one of the most widely used joints in jacket-type offshore
structures. The conclusion of this study can be drawn by summarizing the key findings
from the numerical analysis of the tubular XT joint. The key findings can be
summarized as follows:

1. For an equivalent stress distribution, maximum stress is found near the joint over
the chord. Minimum stress is found between the joint and the top of the chord.

2. For total deformation distribution under axial load, maximum deformation is found
on the top of a brace. On the other hand, the minimum deformation is found at the
top edge of the chord.

3. For an equivalent strain distribution, maximum strain is found near the joint over a
brace.

4. For the bending moment load case, maximum stress and deformation are found on
the joint of the structure. Only maximum strain is found on the top of a brace.

5. The analysis shows that whenever thickness is increased from 2 mm to 4 mm;
stress, strain, and deformation all drop by a significant amount. But when the
thickness was increased again from 4 mm to 6 mm, all three parameters dropped
slightly.

e For axial load value, the stress decreases by 58.37% and 44.12% with an
increase in thickness from 2 to 4 & 4 to 6 mm.

e Again, for the deformation value, maximum deformation decreases by almost
50% when the thickness increases from 2 to 4 and 4 to 6mm.

e Maximum strain decreases by 64% and almost 50% when the thickness
increases from 2 to 4 mm, and 4 to 6 mm.

6. The tubular XT joint is more effective and performs better with the increase in
thickness.
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