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Abstract 

Many fixed steel offshore platforms installed around the globe has exceeded or is 

approaching the end of design life. In many operating areas, there is an attraction to 

continue using these ageing facilities dues to continued production or as an adjoining 

structure to facilitate a new field development or expansion. The structure of the Jacket 

Type Offshore Platform (JTOP) are mainly connection of tubular members. To justify the 

life extension of the fixed platforms, various integrity assessment techniques are often 

used. One of the major techniques used is based on the phenomenon of Local Joint 

Flexibility (LJF). Although LJF is well known in the offshore industry since the early 

1980s, little proven data is available. A static structural analysis has been done using 

ANSYS software to study the flexibility of the offshore tubular joint in a rigid state.  

Deformation at the joint and stresses in the members of K -joint are investigated. The 

joint is assumed to be in flexible condition which is subjected to tension and compression 

to determine the deformation and stresses. The main objective of this paper is to study 

the deformation at the joint and stress in the members of a K- joint. The deformation and 

stresses are obtained from Finite Element (FE) method. Data from ANSYS will be 

compared with data from SACS software in order to determine the effect of Local Joint 

Flexibility (LJF) in structural assessment of ageing Jacket platform. As conclusion, LJF 

are more flexible and able to distribute a greater stress in the members. 
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CHAPTER 1 

 

INTRODUCTION 

 

 

1.1 Background 

In the era of globalization, the oil and gas industry gives impact to the global economy 

by providing the most important natural resources and producing many products for 

various usage. Petroleum is one of the main resources for the oil and gas industry where 

most of the petroleum can be found below the seabed in the ocean. This can be proven by 

the increase in the distribution of offshore platforms since the past few decades. Since 

1930s until the present day, majority of the offshore platforms installed around the world 

are using the type of platform which known as fixed offshore platform. However, it is 

found that many fixed platforms have exceeded or is approaching the end of design life 

and leads the industry to believe they are still well-operated. Therefore, the platforms 

need to undergo condition assessment in order to determine the ability for life extension.   

 

1.2 Problem Statement 

In most analyses, joints are assumed to be fully clamped (rigid condition) and their 

flexible deformability is not accounted for in assessment of Jacket Type Offshore 

Platforms (JTOP). However, there is always some flexibility in joints particularly when 

members undergo beyond elastic region. Since the forces are distributed among the 

tubular members, it is hypothesized that this leads to stress reduction in the members. 

Hence, the effect of Local Joint Flexibility (LJF) in stresses reduction in tubular members 

are to be studied. And this is believed to affect the performance of the JTOP. 
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1.3 Objective 

In this study, the objectives that need to achieve are: 

1) To determine how the Local Joint Flexibility (LJF) reduce the stresses in the 

members. 

2) To determine how the LJF governs the deformation at the joint 

 

1.4 Scope of Study 

This study is mainly focus on Local Joint Flexibility (LJF) of Jacket Type Offshore 

Platforms (JTOP) which is a fixed structure offshore platform. The members of the joint 

are tubular connection and there is various type of connection. The study is focusing on 

modelling the K-joint and analyzing the joint to study the deformation, stresses in the 

members and nonlinear behavior. The results may be taking into account for condition 

assessment for ageing platform later. SACS and ANSYS software will be used in this 

study. Stresses in tubular members could be determined from existing data of JTOP by 

using SACS. Then, the data will be used in ANSYS for modelling and analyzing of K-

joint. 
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CHAPTER 2 

LITERATURE REVIEW 

 

Jacket Type Offshore Platform (JTOP) structures consist of connected of tubular 

members and it is installed on seabed for exploration and production of petroleum from 

the ocean floor. The tubular members acting as base which supports the facilities on the 

JTOP above the elevation of wave. According to Satyanarayana et al, (2011), there are 

more than 7000 offshore platforms installed around the world. Typical JTOP is consist of 

a foundation piles, topsides (superstructure), structure of tubular members (substructure) 

as shown in Figure 1 below. The substructure of the JTOP extends from ocean floor until 

the above sea surface level. 

 

Figure 2.1: Components of JTOP 
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The tubular members are fabricated in one piece as a substructure on shore and 

transported to the sea by barge and installed on site by partial flooding. Satyanarayana et 

al, (2011) stated that the piles are driven through the main legs of the JTOP to fixed the 

structure to the sea floor and also acting as support for the deck and resist the lateral 

loadings such as wind, waves and current. 

According to Mirtaheri et al, (2009), the tubular members are hollow section and it 

effectively produce buoyancy upon installation. Tubular members are designed to 

withstand the instrumental loads as well as environmental loads or forces such as wave, 

current, wind and earthquake. Moreover, these tubular members are high torsional 

strength, economical design and conveniently in welding of connections. Besides, the 

joint of these tubular members is designed as rigid joint but there is also some degree of 

flexibility occur at the joint when installed on site. (Khan et al, 2016).  

The joint between tubular members is known as tubular connection. The main 

member referred as chord and the attached members are referred as braces. Typical 

connection of tubular members may consist of a few bracing members which are directly 

welded to the main members. The joint could be strengthened by thickening the member 

thickness. Usually, the external diameter of chord is larger than external diameter of 

brace. The joint without reinforcement known as an unstiffened joint (Satyanarayana et 

al, 2011).  

 

             

 

Figure 2.2: Tubular Connection 

Figure 2.3: Brace and Chord of a joint 
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Satyanarayana et al, (2011) recommend that circular cross section of tubular members is 

the most suitable section compared to other types of cross sections. It is widely used in 

the oil and gas industry as the structure component of JTOP. This is because the ability 

of their drag characteristics to minimize wave forces on the structure. Furthermore, the 

closed cross section provides for the needed of buoyancy during installation of the 

platform in the ocean. 

  Khan et al, 2016 stated that Local Joint Flexibility (LJF) is one of the major 

techniques used in condition assessment to determine the life extension of a Jacket 

platform. In order to attempt the modelling of LJF, there would be computer software 

modelling and empirical formulas. Golafshani et al, (2013) studied on Local Joint 

Flexibility element for offshore platforms structures which solving the fundamental 

equations for shells. However, these formulation and matrices quite different from 

computer based program. Golafshani et al, (2013) stated that the equations for LJF 

element is based on fact for loading on a tubular joint (axial or flexural), chord wall would 

locally deform as it consistent the joint deformation which normally exist in the tubular 

connection (fixed). The LJF could be determine by local deformation which influenced 

by external loading in 3 directions which is axial loading, in-plane bending and out-plane 

bending. the formula as below: 

      

      

    

 

The parameters of ‘AX’, ‘IPB’, ‘OPB’, ‘δ’, ‘φ1’ and ‘φ0’ are axial loading, in-

plane bending, out-plane bending, axial deformation, in-plane deformation and out-

plane deformation. 

 

(1) 

(2) 

(3) 



6 
 

 The axial, in-plane bending and out-plane bending deformation are influenced by 

axial forces and bending moments. Golafshani et al, (2013) stated that as the chord length 

increases, the effect of LJF on overall behavior of tubular framed structure decreases. The 

diameter and chord length are two significant factors which dominate the effect of LJF 

on the structures. The parametric equation for Local Joint Flexibilities of equation (1, 2, 

3) which corresponding to equation (4,5,6) are as below:  

      

    (4) 

 

   (5) 

   

    (6) 

 

Whereby, β = d/D and γ = D/2T 

From the parametric equation, ‘d’, ‘D’, ‘T’, ‘E’ and ‘φ’ are brace diameter, chord 

diameter, chord thickness, elastic modulus and chord-brace intersection angles 

respectively. The parameters of K-joint could be refer to Figure 4 which also explained 

the direction of in-plane and out-plane bending moment, Crown Toe, Crown Heel and 

Saddle. 
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Mirtaheri et al, (2009) has conducted research on the deformation of tubular joints 

where membrane-bending theory is applied. Large local deformations may occur when 

large force applied on the joints increase progressively which may cause nonlinear 

behavior at the joint. When any point at the joint experience yield, it loses the load 

carrying capacity and transfers induced stress to neighboring regions so that the joint will 

be able to transfer the forces/load. From the study, Mirtaheri et al, (2009) was using 

ANSYS software to carry out the Finite Element (FE) as it has capability and suitable for 

modeling the highly nonlinear shells having large deformation capability. Furthermore, 

Asgarian et al, (2014) conducted study on multi-brace joints which assumed the chord 

circular cross section to be negligible and the joints to be in rigid condition in their studies. 

Local Flexibilities matrices developed in the study and the gap between intersection of 

two braces is taken into account. There are a few important parameters for the LJF 

equations proposed by Asgaraian et al (2014) namely, θ1, θ2, γ, β1, β2, and ζ. The denotes 

are as below:  

 γ  = Rc/tc                                   Whereby,   Rc   = Radius of Chord 

         β1  = Rb1/Rc                                                            tc   = Thickness of Chord 

      β2  = Rb2/Rc                                                           Rb1    = Radius of Brace 1 

       ζ  = g/Rc                                                                Rb2   = Radius of Brace 2 

           g   = Gap between the two braces 

Figure 2.4: Parameters of Local Joint Flexibility (LJF) 
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Asgarian et al (2014) also stated that at least 5.08 cm is the gap size recommended by 

American Petroleum Institute (API). For modeling, rigid plates are placed at the end of 

each braces to allow loads applied along the degrees of freedom. The design of chord 

length assumed as 12Rc to prevent the effect of boundary conditions of chord’s end on 

deformation. The Finite Element (FE) is conducted using ANSYS by Asgarian et al 

(2014) and the analysis is performed with various of loading cases.  

.  

Figure 2.6: Meshing of K-joint (Finite Element) 

The method for stress distribution in the tubular members is Von Mises Stress to 

determine the onset of failure in ductile materials. According to Satyanarayana et al, 

Figure 2.5: Definition of local coordinate system (Asgarian. B et al, 2014) 
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(2011) the yield stress, σy of the material should be more than Von Mises stress, σvm as 

the failure criterion. In other meaning, σvm ≤ σy. The Von Mises stress σvm is given by 

   (7) 

Whereby I1 and I2 are the first two variants of the stress tensor and the stress of I1 and 

I2 are determined by 

  I1 = σx + σy + σz      (8) 

     I2 = (σx σy) + (σy σx) + (σz σx) – τ2
yz - τ2

xz - τ2
xy   (9) 

As the term of principal stress, σ1, σ2 and σ3, the two variants can be determine as 

given below 

  I1 = σ1 + σ2 + σ3       (10) 

  I2 = (σ1 σ2) + (σ2σ3) + (σ1 σ3)     (11) 

Mirtaheri et al, (2009) performed analysis on nonlinear push-over static which obtain 

the moment-rotation relationship of different types of angle intersection for Y-joint. At 

the beginning, axial loads are influenced in the struts to represent the axial loads which 

existed in the tubular members of offshore structure. Then, lateral progressively-

increasing rotation (displacement control approach) is applied to represent as external 

rotations. From the result, as the initial load moves from compression towards tension, 

the capacity of the connection is increased vice versa. Hence, it shows that the effect of 

stress-stiffening in struts on the behavior and capacity of joints which basically states the 

tensile axial load strengthens the strut as well as its joint.  
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Chapter 3 

METHODOLOGY 

 

This chapter will describe the method to be used in the study/research to obtain the 

information, carry out analysis and planning (key milestone). The method for this study 

will be performing three type of analysis which is In – Place Analysis using SACS, Static 

Structural Analysis using ANSYS and Collapse Analysis using SACS. The type of 

platform chosen is the Jacket Type Offshore Platform (JTOP) as shown in Figure 3.1. 

The study will be focusing on the K- joint as shown in Figure 3.2. The selected K – joint 

is based on the consideration for the assignment of forces and support in ANSYS.  

 

 

Figure 3.1: Jacket Type Offshore Platform model in SACS 
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Figure 3.2: Joint of tubular members of JTOP (in the circle) 

As looking into specific component of Jacket Type Offshore Platform (JTOP) which 

is the Local Joint Flexibility (LJF) and the study will focus on K-joint. In order to perform 

static structural analysis of the joint, ANSYS Software will be used in the study as the 

capability of its for modelling and analyzing. ANSYS is an engineering software which 

is pioneering the development and application of simulation methods to solve challenging 

product engineering problem. By using ANSYS, the analysis for Finite Element (FE), 

stress distribution and deformation could be carry out to design the joint and see the 

results of behavior of offshore structure. Furthermore, SACS 5.7 V8i is also being used 

in the study to determine the stress of the tubular members. In order to determine the 

stress, In-place analysis will be conducted using SACS which later will be contribute to 

the design of the joint in ANSYS. Therefore, three software are involved in the study as 

the AutoCAD for geometric design, SACS for In-place analysis and ANSYS for 

modelling and analyzing the joint which looking more into deformation of the joint while 

applying loads and all necessary condition. At the end, the stress distribution in SACS 

will be compared with the stress distribution in the ANSYS and also determine the 

deformation at the joints. 
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3.1 Flowchart 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.3: Summary of methodology.  

 

 

• Applying the existing data of Jacket Type Offshore 

Platform (JTOP) in SACS software to determine the 

stress in the tubular members of a joint 

In-Place Analysis using SACS 

 

• Produce a geometry of K-joint based on information 

extracted from In-Place Analysis Report and perform 

the Static Structural Analysis (ANSYS) to study the 

results of deformation and stresses in the members 

 

Static Structural Analysis using ANSYS 

 

• Perform Collapse Analysis to validate the results from 

Static Structural Analysis (ANSYS) which depending 

on the load factor for live load, dead load, and storm 

load of each member. 

Collapse (Push-Over) Analysis using SACS 

• Compare stress in tubular members and determine the 

behavior of JTOP due to Local Joint Flexibility (LJF) 

Validation of Results 
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3.2 In-Place Analysis (SACS) 

 By using the data of existing platform in Sarawak, the Jacket Type Offshore 

Platform is 4-legged structure and the water depth is 94.8 meters. Dimension of selected 

K- joint such as outer diameter, thickness and length of member are obtained from In – 

Place Analysis Report in order to model a geometry of K -joint using AutoCAD. 

Furthermore, internal loads on each member of the K- joint also identified from the report 

as to be assigned as input forces for Static Structural Analysis in ANSYS. However, the 

results to be obtained from In – Place Analysis are the stresses in the member and 

deflection at the joint (selected K – joint).  The platform undergoes In – Place Analysis 

based on the load factor of 1.0 for each dead load, live load and storm load. However, In-

Place Analysis Report also provide information not only based on load factor of 1.0, it 

also shows the critical load condition for each member of the platform. 

 

3.3 Static Structural (ANSYS) 

3.3.1 Modelling 

Before performing the static structural analysis, the geometric of the joint is 

designed using AutoCAD software. 3D modelling is applied in the designed prior to 

be used in the ANSYS. The design parameters of the geometry would be based on 

research by Satyanarayana et al, (2011). Since the study would be focusing on K-

joint, the intersection angles of the joint would be referred to research paper by 

Asgarian. B et al, (2014) which is ‘Local Joint Flexibility equations for Y-T and K-

type Tubular Joints’. This is because the paper presenting the LJF equations for K-

joint. 

 

 

 

 

Table 3.1: Dimension used by Satyanarayana et al, (2011) 
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3.3.2 Project Schematic 

  Once the 3D modelling completed in AutoCAD, the design must be import 

into the ANSYS software. In this study, the joint would be designed as rigid joint. 

The chosen analysis system is the ‘Static Structural’ to perform the analysis. The 

component of ANSYS work program to perform the analysis as below:  

  

 

 

 

 

 

Figure 3.4: Schematic flow of modelling and analyzing the joint using ANSYS and 

AutoCAD. 

    3.3.3 Engineering Data 

The component of ‘Engineering Data’ in ANSYS provides library of 

material which contain the types of material, material properties, physical 

properties and other type of condition to be applied on the material such as 

plasticity, life period, strength, damage, temperature condition and cohesive zone. 

Furthermore, it  also helps to define and organize material properties, store 

material properties in a material property library which can be used in other 

projects, obtain material property data from existing material libraries, assign 

different material properties to different parts of a model and navigate the toolbox 

and data windows  For example, as the stainless steel will be chosen in this study, 

there a few settings that can be setup for material properties such as density, 

tensile yield strength, compressive yield strength, tensile ultimate strength, and 

Engineering Data Geometry 

Results 

Model 

Setup Solution 
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compressive ultimate strength of the material. All these properties will affect the 

result of LJF.  

    3.3.4 Geometry 

 For the geometric design, ‘Geometry’ component can be considered as 

complete because the 3D modelling has been import from AutoCAD software. 

However, the design of 3D modelling also could be carried out in the ‘Geometry’ 

component instead of design using AutoCAD. The interface of ‘Geometry’ in 

ANSYS is differ from AutoCAD. 

    3.3.5 Model 

 The ‘Model’ component is where the geometry could be assign as one 

element or can be more than one element. For example, in this study, the joint 

could be assign as more than one component which is brace and chord are 

different element. This will affect the results in terms of deformation and stress 

distribution after performing the analysis. Besides, this is also where the Finite 

Element (FE) method is applied whereby meshing is applied to the geometry. 

Meshing is consist of elements and nodes. The smaller the size of the meshing, 

more stress distribution can be determined and more accurate. 

    3.3.6 Setup 

 The ‘Setup’ component is where the type of support and loading cases 

applied to the geometry. applying the tension and compression on which faces 

chosen on the geometry. These will affect the stress distribution and deformation 

of the geometry (joint). Furthermore, the number of steps is required to view the 

animation of the geometry behavior after performing analysis. 

3.3.7 Solution 

 The ‘Solution’ component is the selection of the type of results. The result 

that required could be the stress, strain, energy, deformation, fatigue and others 

but in this study, the results would be focus on the deformation and stress 

distribution of the joint (geometry). 



16 
 

    3.3.8 Result  

 ‘Result’ component is the output of ANSYS which provide the required 

information from the analysis. For stress distribution, animation is produced with 

respect to changing of time. There is also report file of the successful analysis 

which provide the results of the analysis.   

 

3.4 Collapse Analysis (SACS) 

 Collapse analysis or known as Push - Over mode assessment offers and improved 

design concept over linear to non-linear which is elastic to plastic state. The load is 

applied to the structure incrementally. The nodal displacement and element forces are 

calculated for each load step and the stiffness matrix is updated. When the stress in a 

member reaches the yield stress, plasticity is introduced. The introduction of plasticity 

reduced the stiffness of the structure and additional loads due to subsequent load 

increments will be redistributed to adjacent members that have gone plastic. This 

phenomenon (progressive collapse of members) will continue until the structure as a 

whole will collapse or ‘Pushed-Over’. As mention above, the results of Collapse Analysis 

is used to validate the result from Static Structural Analysis (ANSYS) which the source 

of dimension and applied stress are based on In-Place Analysis. The result of Collapse 

Analysis will be focused on the load factor of 1.0 for each dead load, live load and storm 

load. 
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 3.5 Gantt Chart 

 Below is the Gantt Chart for FYP 1 

  

 

 

Project activities 

Week 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 

Topic selection                             

Data findings & gathering               

Preparing Extended Proposal                           

Submission of Extended Proposal                             

Perform In-Place Analysis using SACS                               

Modelling using AutoCAD and perform analysis using ANSYS               

Proposal Defense                              

Project work continue                             

Submission of Interim Draft Report                             

Submission of Interim Report               
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Below is the Gantt Chart for FYP 2 

 

 

 

Project activities 

Week 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 

Analyzing the result for the effect of Local Joint Flexibility (LJF)                             

Submission of Progress Report               

Project work continue                           

Pre-SEDEX                             

Submission of Draft Final Report                             

Submission of Dissertation Report (Soft bound)                             

Submission of Technical Paper                             

Viva                             

Submission of Dissertation Report (Hard bound)               
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3.6 Key Milestone 

 

Project activities 

Week (FYP 1) 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 

Data Finding & Gathering                             

Preparation for Literature Review & Methodology               

Perform In-Place Analysis using SACS                           

Extracting information from SACS analysis report                               

Modelling using AutoCAD                             

Perform Static Structural Analysis using ANSYS                             

Project activities 

Week (FYP 2) 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 

Perform Static Structural Analysis using ANSYS                             

Preparation of Progress Report               

Comparing result from SACS and ANSYS                           

Preparation of Pre-SEDEX                             

Preparation of Technical Paper                             

Preparation for Dissertation                              

Preparation for Viva                             
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CHAPTER 4 

RESULTS AND DISCUSSION 

 

4.1 In-Placed Analysis  

 

Figure 4.1: Selected K - joint (highlighted in red) 

A joint will be considered as K-joint classification when the axial load in the brace 

should be balanced to within 10% by loads in other braces in the same plane and on the 

same side of the joint. Hence, the selected K – joint is shown in Figure 4.1. 
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Figure 4.2: Summary of selected K- joint member group and length  

 

4.1.1 Properties of Tubular Member 

Table 4.1: Properties of tubular member 

 

 

 

 

 

 

 

 

 

 Table 4.1 shows the properties of each of the tubular member. The dimension of 

each tubular member is very important in order to remodel the geometry in AutoCAD 

software to be import in the ANSYS. The yield stress indicated the engineering properties 

Member Label Outside 

Diameter 

(cm) 

Thickness 

(cm) 

Yield 

stress 

(kN/cm2) 

Ring 

Spacing 

(mm) 

L15 (Upper) – G02 

L15 (Middle) – G04 

L15 (Joint) – G07 

170.00 

164.00 

171.00 

5.000 

2.000 

5.500 

34.000 

34.500 

34.000 

1121.51 

1680.21 

1078.77 

V1F 66.000 1.590 35.500 481.11 

2KH 61.000 2.540 34.500 338.23 

V1T 76.200 1.590 35.500 596.84 

L43 (Joint) – G07 

L43 (Middle) – G04 

L43 (Below) – G02 

171.00 

164.00 

170.00 

5.500 

2.000 

5.000 

34.000 

34.500 

34.000 

1078.77 

1680.21 

1121.51 

2KH 

L43 

V1T 

26.130 m 
14.714 m 

5.299 m 

14.264 m 

L15 V1F 

20.602 m 

Joint  

No: 401 
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to be applied on the geometry in ANSYS. Besides, internal load of each member also 

provided by In – Place Analysis Report. By referring to Table 4.2, the internal loads are 

assigned on each member which resulting deflection at the joint and stresses in the 

members. Hence, the deflection at joint 401 and stresses in the members are the results to 

be obtained from the In – Place Analysis. 

Table 4.2: Internal load of each member 

Member Group Load 

Case 

Internal Load (kN) 

Axial Shear 

Y Z 

401 - 424 2KH ST09 466.27 -3.2119 -1.3185 

401 - 501 L15 ST09 -10082 11.588 -9.6105 

301 - 401 L43 ST09 -10448 -14.448 12.440 

401 – 461 V1F ST09 1380.4 -13.312 -5.9725 

357 – 401 V1T ST09 -29.317 0.001018 -0.23766 

 

4.1.2 Deflection 

The selected K-joint labelled in SACS as ‘Joint 401’ whereby in the In-Place 

Analysis Report shows that the deflection due to load factor of 1.0 for dead load, live 

load, and storm load. The deflections at the joint are shown in Table 4.3 which produce 

by the assigned internal loads and the joint is deflecting to three different axes. However, 

the study will be focusing on the deflection on x-axis. This is because the K - joint in 

Static Structural Analysis (ANSYS) is bending towards the x-axis. 

 

Table 4.3: Deflection at Joint 401 

Joint No Deflection (X), mm Deflection (Y), mm Deflection (Z), mm 

401 -28.77 -34.56 -21.63 
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4.1.3 Stress 

Furthermore, In – Place Analysis also provide the results of stresses in each 

member. The stresses in each member of In – Place Analysis are shown in Table 4.4 are 

produced due to internal load applied on the member as mention above (refer to Table 

4.2). 

Table 4.4: Element Stress Report 

Member Group Load 

Case 

Applied Stresses, N/mm2 

Axial Shear 

Y Z 

401 - 424 2KH ST09 10.00 0.15 -0.35 

401 - 501 L15 ST09 -20.55 0.03 0.30 

301 - 401 L43 ST09 -20.19 0.04 0.16 

401 – 461 V1F ST09 10.32 0.91 0.64 

357 – 401 V1T ST09 -9.62 0.14 -0.13 

Notes: * a) ST09 is whereby the load factor is 1.0 for dead load, live load and storm 

load. 

  

4.2 Geometric Design  

 The selected K- joint has been remodel using AutoCAD based on the dimension 

that provided in In – Place Analysis Report such as outer diameter, thickness, length of 

the member and angle of intersection between chord and brcaes. The geometry has been 

design in form of 3-Dimensional (3D) and imported in the ANSYS to undergo Static 

Structural Analysis. However, the angle of intersection was determined by using 

Pythgoras Theorem as below: 

 

sin 𝜃 =
𝑂𝑝𝑝𝑜𝑠𝑖𝑡𝑒 𝐿𝑒𝑛𝑔𝑡ℎ

𝐻𝑦𝑝𝑜𝑡𝑒𝑛𝑢𝑠𝑒 𝐿𝑒𝑛𝑔𝑡ℎ
        cos 𝜃 =

𝐴𝑑𝑗𝑎𝑐𝑒𝑛𝑡 𝐿𝑒𝑛𝑔𝑡ℎ

𝐻𝑦𝑝𝑜𝑡𝑒𝑛𝑢𝑠𝑒 𝐿𝑒𝑛𝑔𝑡ℎ
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Figure 4.3: 2D wireframe of K- joint Geometry 

 

 

Figure 4.4: Tubular Connection at the K-joint 
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Figure 4.5: Dimension of the geometric design (3D) 

 

 

Figure 4.6: Outer diameter of chord member (L43) 
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4.3 Static Structural Analysis (ANSYS) 

The results to be obtained from Static Structural Analysis are the deformation and 

stresses in the members. The forces applied on each member are axial force which acting 

normal to the member. Besides, shear force also has been applied on each member which 

due to y-axis and z-axis. This shows that the shear forces are acting tangentially towards 

the member either in compression or tension. The amount of forces applied on each 

member are based on Table 4.2. The applied forces on each member can be refer to Figure 

4.7.  

 

Figure 4.7: Forces (axial and shear) and fixed support applied on the geometry 

 

The force of axial tension, axial compression and shear (y-axis and z-axis) are applied on 

the braces (member V1T,V1F and 2KH) and chord ( member L15). Fixed support is applied 

at the end of chord (member L43). The reason of applying fixed support at the end of member 

L43 is because the member is located at the bottom of the platform which having attached to 

the seabed. Piles are driven through member L43 make it a reason to known as fixed support. 

Axial compression is applied on the chord (member L15) and it is the highest axial 

compression load of the K-Joint. 

L15 

V1F 
2KH 

V1T 

L43 
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Figure 4.8: Meshing of the K - joint (FE) 

The method of meshing used in ANSYS is body meshing as shown in Figure 4.8. 

The size of element is 0.2 m and the total number of nodes and elements are 14851 and 14879 

respectively. The purpose of meshing is for the finite element process. Finite element method 

(FEM) is a numerical method for solving problems of engineering mathematical physics. In 

this study, FEM is used to obtain  the value of stress and deformation on each node of the 

tubular members. 

 

4.3.1 Equivalent Stress (Von-Mises) 

 

Figure 4.9: Stress (Von-Mises) distribution on the geometry 

 

Maximum stress occurs at the end of member L43 which is 90.159 MPa. This is 

because of the assignment of fixed support and there is no other diagonal member to 

distribute the stress. However, the stress at the joint is 12.562 MPa which is higher 
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compared to stress in braces member of V1F, 2KH, V1T and chord member of L15. This 

is because the stresses along the members are distributed through the joint which cause 

higher stress at the joint. Referring to Table 4.5, the value of stress of each member 

obtained from the Static Structural Analysis is the maximum stress. The maximum stress 

on member L15, V1F and 2KH are located near to the joint as shown in Figure 4.9. It 

shows that stresses are being transferred along the members and passes through the joint. 

Table 4.5: Maximum stress on each member 

Member Stress, σ (MPa) 

2KH 1.0586 

L15 10.516 

L43 65.376 

V1F 6.5373 

V1T 5.7161 

 

4.3.2 Total Deformation 

 

Figure 4.10: Deformation of K – joint tubular members  

 

Referring to Figure 4.10, the maximum deformation occurs at the end of chord 

(member L15) which is 90.258 mm and deformation at joint is 39.89 mm. This is because 

the highest axial compression applied at the chord and the deformation shows the chord 

is bending towards x-axis plane. The minimum deformation which is 0 mm occur at the 

end of chord member L43. This is due to the assignment of fixed support which disable 
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degrees of freedom. Table 7 shows the data of deformation of the K- joint for 20 seconds 

with 0.2 of interval.  

 

Table 4.6: Maximum and Minimum of Equivalent Stress and Deformation of K -joint 

Time (s) Minimum 

(mm) 

Maximum 

(mm) 

Time (s) Minimum 

(mm) 

Maximum 

(mm) 

0.2 0 0 8.4 1.01E-02 19.799 

0.4 0 0 8.7 1.05E-02 20.602 

0.7 0 0 9 1.09E-02 21.405 

1 0 0 9.2 1.12E-02 21.94 

1.2 2.73E-04 0.53512 9.4 1.15E-02 22.475 

1.4 5.47E-04 1.0702 9.7 1.19E-02 23.278 

1.7 9.57E-04 1.8729 10 1.23E-02 24.08 

2 1.37E-03 2.6756 10.2 1.26E-02 24.615 

2.2 1.64E-03 3.2107 10.4 1.29E-02 25.151 

2.4 1.91E-03 3.7458 10.7 1.33E-02 25.953 

2.7 2.32E-03 4.5485 11 1.37E-02 26.756 

3 2.73E-03 5.3512 11.2 1.39E-02 27.291 

3.2 3.01E-03 5.8863 11.4 1.42E-02 27.826 

3.4 3.28E-03 6.4214 11.7 1.46E-02 28.629 

3.7 3.69E-03 7.2241 12 1.50E-02 29.432 

4 4.10E-03 8.0268 12.2 1.53E-02 29.967 

4.2 4.38E-03 8.5619 12.4 1.56E-02 30.502 

4.4 4.65E-03 9.097 12.7 1.60E-02 31.304 

4.7 5.06E-03 9.8997 13 1.64E-02 32.107 

5 5.47E-03 10.702 13.2 1.67E-02 32.642 

5.2 5.74E-03 11.237 13.4 1.70E-02 33.177 

5.4 6.02E-03 11.773 13.7 1.74E-02 33.98 

5.7 6.43E-03 12.575 14 1.78E-02 34.783 

6 6.84E-03 13.378 14.2 1.80E-02 35.318 

6.2 7.11E-03 13.913 14.4 1.83E-02 35.853 

6.4 7.38E-03 14.448 14.7 1.87E-02 36.656 

6.7 7.79E-03 15.251 15 1.91E-02 37.458 

7 8.20E-03 16.054 15.2 1.94E-02 37.993 

7.2 8.48E-03 16.589 15.4 1.97E-02 38.529 

7.4 8.75E-03 17.124 15.7 2.01E-02 39.331 

7.7 9.16E-03 17.926 16 2.05E-02 40.134 

8 9.57E-03 18.729 16.2 2.08E-02 40.669 

8.2 9.84E-03 19.264 16.4 2.11E-02 41.204 
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Time (s) Minimum 

(mm) 

Maximum 

(mm) 

Time (s) Minimum 

(mm) 

Maximum 

(mm) 

16.7 2.15E-02 42.007 18.4 2.38E-02 46.555 

17 2.19E-02 42.81 18.7 2.42E-02 47.358 

17.2 2.22E-02 43.345 19 2.46E-02 48.161 

17.4 2.24E-02 43.88 19.2 2.49E-02 48.696 

17.7 2.28E-02 44.682 19.4 2.52E-02 49.231 

18 2.32E-02 45.485 19.7 2.56E-02 50.034 

18.2 2.35E-02 46.02 20 2.60E-02 50.836 

 

 Comparing result from Figure 19 and Table 4.6, deformation of the joint is 39.89 

mm at final time (20th seconds) while from Table 4.6, the maximum deformation of 39.89 

mm occurs at range of 15.7th seconds to 16.0th seconds. This shows that the flexibility of 

the joint is higher due to high axial force acting on the member. 

 

4.4 Collapse Analysis (SACS) 

 Performing Collapse Analysis or Push – Over using SACS in this study is to 

validate the comparison of results between Static Structural Analysis (ANSYS) and In – 

Place Analysis (SACS). The structure of platform is pushed until it failed by increasing 

the load factor for dead load, live load and storm load (environmental load) with interval 

of 0.2. However, the result of stresses from In-Place Analysis is based on load factor of 

1.0 for dead load, live load and storm load. Hence, the result from Collapse Analysis also 

will be focused on load factor of 1.0 for dead load, live load and storm load. Load step 

15 is the condition whereby the load factor is 1.0 for all loads. Figure 4.11 shows the 

behavior of x - axis-Displacement for Joint 401 whereby in this case, the studied K- joint 

is labelled as Joint 401. At the load step of 15, the intersection point shows that the 

displacement would be range of 27 mm until 30 mm. The deflection to x-axis plane from 

In-Place Analysis is 28.77 mm. Hence, the result is validated as in range due to same load 

factor. Furthermore, the stress in each member are obtained as shown in Figure 4.12, 4.13, 

4.14, 4.15 and 4.16 until reach failure. Hence, the stress of each member is determined 

based on load factor of 1.0. 
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Figure 4.11: Graph of Joint 401 X - Displacement vs. Load Step 

 

 

 

 

Figure 4.12: Graph of Stress (Von Mises) vs. Load Factor (Member L15) 
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Figure 4.13: Graph of Stress (Von Mises) vs. Load Factor (Member 2KH) 

 

 

 

 

Figure 4.14: Graph of Stress (Von Mises) vs. Load Factor (Member L43) 
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Figure 4.15: Graph of Stress (Von Mises) vs. Load Factor (Member V1F) 

 

 

 

 

 

Figure 4.16: Graph of Stress (Von Mises) vs. Load Factor (Member V1T) 
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Based on Figure 4.12, 4.13, 4.14, 4.15 and 4.16, it shows that the value for stress 

(Von Mises) for each member are almost the same from results In-Place Analysis due to 

load factor of 1.0 for dead load, live load and storm load. Table 4.7 shows the results of 

stress in each member from Collapse Analysis and In Place Analysis. The results from 

Collapse Analysis are within range of ± 1.5 from the graph reading. Hence, results of 

stress of each member in Collapse Analysis (SACS) are lesser than results of stress of 

each member in Static Structural Analysis (ANSYS) 

 

Table 4.7: Validation of stresses in each member 

Member Load 

Case 

Condition Stress, σ (MPa) 

In-Place Analysis 

Stress, σ (MPa) 

Collapse Analysis 

2KH 15 Tension 10.00 10.00 

L15 15 Compression 20.55 20.00 

L43 15 Compression  20.19 20.00 

V1F 15 Tension 10.32 10.00 

V1T 15 Compression 9.62 10.00 

 

4.5 Discussion 

The information of K – joint is extracted from In-Place Analysis Report (SACS) 

such as length of members, thickness, diameter, applied stresses, type of load, and 

deflection. From the information, geometry of K-joint has been remodel in AutoCAD 

according to the dimension. However, internal ring is not included in the geometry design 

because there will be no hydrostatic force applied on the members of K – joint. The 

purpose of internal ring is to overcome the hydrostatic force by stiffened the members. 

The geometry is imported in the ANSYS Workbench to performed static structural 

analysis. In the analysis, forces are applied in the tubular members in form of tension and 

compression. In the tubular members of K - joint, the axial loads in the brace should be 

balanced to within 10% by loads in other braces in the same plane and on the same side 
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of the joint. The applied forces also including shear force acting on z-axis due to 

environmental loading such as wave and current. 

 The assigned material of the geometry is structural steel and the yield strength is 

345 MPa. The density of material is 7850 kg/m3. In this study, Bilinear Isotropic 

Hardening is used to obtain the behavior of the tubular members for deformation and 

stresses. 

 From the Static Structural Analysis (ANSYS), the results are to be obtained 

according to the objective of the study which is to determine the deformation and stresses 

reduction along the members. it is hypothesized that deformation at the joint (K - joint) 

in ANSYS is larger than deformation in SACS. The expected result is achieved since the 

deformation at the joint on x - axis is 39.89 mm in ANSYS while 28.77 mm in SACS. It 

is shows that the flexibility due to displacement could be up to 38.65 % from the original 

displacement in SACS. This is because analysis in SACS is performed in 1-D and 

considering overall Jacket structures. Furthermore, the analysis in ANSYS performed in 

3-D and it is more flexible, focusing smaller elements and it is specific to the K- joint of 

the Jacket Platform (smaller element compared to overall Jacket structure in SACS). In 

other words, analysis in SACS is coarser compared to analysis in ANSYS. 

 It is believed that there would be stress reduction between the results of analysis 

in ANSYS and SACS. The expected result is stress in members in ANSYS less than stress 

in member in SACS. Table 4.8 presenting the data of stress in each member in while 

Figure 4.17 is illustrating the comparison of the stresses between Static Structural 

Analysis (ANSYS) and In- Place Analysis (SACS). The result of stresses has proven the 

conclusion in the study of “Role of Local Joint Flexibility (LJF) in the Structural 

Assessments of Ageing Offshore Structures”. The conclusion of the study made by Riaz 

Khan et al, (2016) which is the local joint flexibility at tubular joint allows a better 

redistribution of moment and stresses along the members of jacket truss structure. Hence, 

it is hypothesized that the lesser stress in the member is better.  
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Table 4.8: Results of stresses in each member between ANSYS and SACS’s analysis 

Member Stress, σ (MPa) in 

ANSYS 

Stress, σ (MPa) in SACS 

2KH 1.0586 10.00 

L15 10.516 20.55 

L43 65.376 20.19 

V1F 6.5373 10.32 

V1T 5.7161 9.62 

 

Figure 4.17: Comparison of stress of each member between Static Structural Analysis 

(ANSYS) and In-Place Analysis (SACS) 

 

 After performing both analysis in ANSYS and SACS, the result obtained are 

according to the objective. Stress in member 2KH, L15, V1F and V1T in ANSYS is lesser 

than stress in member in SACS. However, stress in ANSYS is larger than stress in SACS 

for member L43. In this case, assignment of fixed support in analysis setting in ANSYS 

could be the factor for obtaining higher stress. Furthermore, the actual case of the joint in 
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SACS is, more than two brace members are connected to the chord member (member 

L43) which is diagonal and horizontal braces as shown in Figure 4.18. Referring to Figure 

4.7, there are no horizontal and diagonal braces member attached or connected at the end 

of member L43 in ANSYS.  

 

 

Figure 4.18: Four braces member connected to chord member (member L43) in SACS 
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CHAPTER 5 

 

CONCLUSION AND RECOMMENDATION 

 

 

5.1 Conclusion  

It is found that deformation in ANSYS is as expected which is the deformation at the 

joint in ANSYS is bigger than deformation in SACS. The flexibility of K - joint in 

ANSYS due to displacement could be up to 38.65 % from the original displacement in 

SACS. Furthermore, it is also found that there is stress reduction between ANSYS and 

SACS at the joint due to load transfer in the members. From the comparison, higher stress 

with lesser deformation could be hypothesized. The results from ANSYS then is validated 

by performing Collapse Analysis (Push – Over) in SACS. In order to validate, results 

from In-Place Analysis are based on load factor of 1.0 for all loads. So, results of Collapse 

Analysis are to be focused to load factor of 1.0 for dead load, live load and storm load. 

For stress reduction, the value of stress in each member obtained from Static Structural 

Analysis (ANSYS) lesser than stresses from In-Place Analysis (SACS) and Collapse 

Analysis (ANSYS). As conclusion, LJF could be more flexible by obtaining higher 

deformation and able to reduce the stresses in the members of Jacket platform. Hence, it 

is believed that LJF would give positive impact to the condition assessment of Jacket 

Type Offshore Platform (JTOP) in order to determine the life extension period for future 

usage. 
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5.2 Recommendation 

 In this study, Bilinear Isotropic characteristic has been used as the engineering 

properties of the steel tubular members in Static Structural Analysis (ANSYS) as to 

determine the behavior of the steel tubular member. However, it is highly recommended 

that to apply the Multilinear Isotropic characteristic of stress-strain in the analysis. Figure 

5.1 and 5.2 shows the Bilinear and Multilinear Isotropic characteristic. By applying 

Multilinear Isotropic, more accurate data could be obtain and able to produce a better 

understanding and research on the Local Joint Flexibility (LJF).  

 

 

Figure 5.1: Bilinear Isotropic hardening 

 

 

Figure 5.2: Multilinear Isotropic hardening 
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APPENDICES 
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STATIC STRUCTURAL ANALYSIS REPORT 

Contents 

• Units 

• Model (E4) 
o Geometry 

▪ FYP K-Joint 2\ SURF 
o Coordinate Systems 
o Connections 
o Mesh 

▪ Body Sizing 
o Static Structural (E5) 

▪ Analysis Settings 
▪ Loads 
▪ Solution (E6) 

▪ Solution Information 
▪ Results 

• Material Data 
o Structural Steel 

Units 

TABLE 1 

Unit System Metric (mm, kg, N, s, mV, mA) Degrees rad/s Celsius 

Angle Degrees 

Rotational Velocity rad/s 

Temperature Celsius 

Model (E4) 

Geometry 

TABLE 2 
Model (E4) > Geometry 

Object Name Geometry 

State Fully Defined 

Definition 

Source 
D:\FYP\ANSYS\FYP K Joint Working\FYP K-joint 

Working_files\dp0\SYS-5\DM\SYS-5.scdoc 

Type SpaceClaim 

file:///C:/Users/User/AppData/Roaming/Ansys/v180/Mechanical_Report/Mechanical_Report.htm%23UNITS
file:///C:/Users/User/AppData/Roaming/Ansys/v180/Mechanical_Report/Mechanical_Report.htm%2311
file:///C:/Users/User/AppData/Roaming/Ansys/v180/Mechanical_Report/Mechanical_Report.htm%2312
file:///C:/Users/User/AppData/Roaming/Ansys/v180/Mechanical_Report/Mechanical_Report.htm%2355
file:///C:/Users/User/AppData/Roaming/Ansys/v180/Mechanical_Report/Mechanical_Report.htm%2325
file:///C:/Users/User/AppData/Roaming/Ansys/v180/Mechanical_Report/Mechanical_Report.htm%2324
file:///C:/Users/User/AppData/Roaming/Ansys/v180/Mechanical_Report/Mechanical_Report.htm%2313
file:///C:/Users/User/AppData/Roaming/Ansys/v180/Mechanical_Report/Mechanical_Report.htm%2331
file:///C:/Users/User/AppData/Roaming/Ansys/v180/Mechanical_Report/Mechanical_Report.htm%2327
file:///C:/Users/User/AppData/Roaming/Ansys/v180/Mechanical_Report/Mechanical_Report.htm%2330
file:///C:/Users/User/AppData/Roaming/Ansys/v180/Mechanical_Report/Mechanical_Report.htm%2338
file:///C:/Users/User/AppData/Roaming/Ansys/v180/Mechanical_Report/Mechanical_Report.htm%2328
file:///C:/Users/User/AppData/Roaming/Ansys/v180/Mechanical_Report/Mechanical_Report.htm%2329
file:///C:/Users/User/AppData/Roaming/Ansys/v180/Mechanical_Report/Mechanical_Report.htm%2349
file:///C:/Users/User/AppData/Roaming/Ansys/v180/Mechanical_Report/Mechanical_Report.htm%23Materials
file:///C:/Users/User/AppData/Roaming/Ansys/v180/Mechanical_Report/Mechanical_Report.htm%23EngineeringData1


 

48 
 

Length Unit Meters 

Element Control Program Controlled 

Display Style Body Color 

Bounding Box 

Length X 9188.4 mm 

Length Y 46732 mm 

Length Z 1710. mm 

Properties 

Volume 6.0645e+010 mm³ 

Mass 4.7607e+005 kg 

Surface Area(approx.) 6.0645e+008 mm² 

Scale Factor Value 1. 

Statistics 

Bodies 1 

Active Bodies 1 

Nodes 14851 

Elements 14879 

Mesh Metric None 

Basic Geometry Options 

Solid Bodies Yes 

Surface Bodies Yes 

Line Bodies Yes 

Parameters Independent 

Parameter Key  

Attributes Yes 

Attribute Key  

Named Selections Yes 

Named Selection Key  

Material Properties Yes 
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Advanced Geometry Options 

Use Associativity Yes 

Coordinate Systems Yes 

Coordinate System Key  

Reader Mode Saves 

Updated File 
No 

Use Instances Yes 

Smart CAD Update Yes 

Compare Parts On 

Update 
No 

Attach File Via Temp File Yes 

Temporary Directory C:\Users\User\AppData\Local\Temp 

Analysis Type 3-D 

Mixed Import Resolution None 

Decompose Disjoint 

Geometry 
Yes 

Enclosure and Symmetry 

Processing 
Yes 

TABLE 3 
Model (E4) > Geometry > Parts 

Object Name FYP K-Joint 2\ SURF 

State Meshed 

Graphics Properties 

Visible Yes 

Transparency 1 

Definition 

Suppressed No 

Stiffness Behavior Flexible 

Coordinate System Default Coordinate System 

Reference Temperature By Environment 

Thickness 100. mm 
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Thickness Mode Manual 

Offset Type Middle 

Behavior None 

Material 

Assignment Structural Steel 

Nonlinear Effects Yes 

Thermal Strain Effects Yes 

Bounding Box 

Length X 9188.4 mm 

Length Y 46732 mm 

Length Z 1710. mm 

Properties 

Volume 6.0645e+010 mm³ 

Mass 4.7607e+005 kg 

Centroid X -2566.5 mm 

Centroid Y -5413.1 mm 

Centroid Z 6.3673e-003 mm 

Moment of Inertia Ip1 7.3993e+013 kg·mm² 

Moment of Inertia Ip2 2.0826e+012 kg·mm² 

Moment of Inertia Ip3 7.5815e+013 kg·mm² 

Surface Area(approx.) 6.0645e+008 mm² 

Statistics 

Nodes 14851 

Elements 14879 

Mesh Metric None 

CAD Attributes 

PartTolerance: 0.00000001 

Color:30.30.30  
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Coordinate Systems 

TABLE 4 
Model (E4) > Coordinate Systems > Coordinate System 

Object Name Global Coordinate System 

State Fully Defined 

Definition 

Type Cartesian 

Coordinate System ID 0.  

Origin 

Origin X 0. mm 

Origin Y 0. mm 

Origin Z 0. mm 

Directional Vectors 

X Axis Data [ 1. 0. 0. ] 

Y Axis Data [ 0. 1. 0. ] 

Z Axis Data [ 0. 0. 1. ] 

Connections 

TABLE 5 
Model (E4) > Connections 

Object Name Connections 

State Fully Defined 

Auto Detection 

Generate Automatic Connection On Refresh Yes 

Transparency 

Enabled Yes 

Mesh 

TABLE 6 
Model (E4) > Mesh 

Object Name Mesh 

State Solved 
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Display 

Display Style Body Color 

Defaults 

Physics Preference Mechanical 

Relevance 0 

Element Midside Nodes Program Controlled 

Sizing 

Size Function Curvature 

Relevance Center Coarse 

Initial Size Seed Active Assembly 

Span Angle Center Coarse 

Curvature Normal Angle Default (30.0 °) 

Min Size Default (134.270 mm) 

Max Face Size Default (671.340 mm) 

Growth Rate Default 

Automatic Mesh Based Defeaturing On 

Defeature Size Default (67.1340 mm) 

Minimum Edge Length 3.2202e-002 mm 

Quality 

Check Mesh Quality Yes, Errors 

Error Limits Standard Mechanical 

Target Quality Default (0.050000) 

Smoothing Medium 

Mesh Metric None 

Inflation 

Use Automatic Inflation None 

Inflation Option Smooth Transition 

Transition Ratio 0.272 

Maximum Layers 2 
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Growth Rate 1.2 

Inflation Algorithm Pre 

View Advanced Options No 

Advanced 

Number of CPUs for Parallel Part Meshing Program Controlled 

Straight Sided Elements No 

Number of Retries 0 

Rigid Body Behavior Dimensionally Reduced 

Mesh Morphing Disabled 

Triangle Surface Mesher Program Controlled 

Topology Checking No 

Use Sheet Thickness for Pinch No 

Pinch Tolerance Default (120.840 mm) 

Generate Pinch on Refresh No 

Sheet Loop Removal No 

Statistics 

Nodes 14851 

Elements 14879 

TABLE 7 
Model (E4) > Mesh > Mesh Controls 

Object Name Body Sizing 

State Fully Defined 

Scope 

Scoping Method Geometry Selection 

Geometry 1 Body 

Definition 

Type Element Size 

Element Size 200. mm 

Advanced 
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Defeature Size Default (67.134 mm) 

Size Function Uniform 

Behavior Soft 

Growth Rate Default (1.850 ) 

 

Static Structural (E5) 

TABLE 8 
Model (E4) > Analysis 

Object Name Static Structural (E5) 

State Solved 

Definition 

Physics Type Structural 

Analysis Type Static Structural 

Solver Target Mechanical APDL 

Options 

Environment Temperature 22. °C 

Generate Input Only No 

TABLE 9 
Model (E4) > Static Structural (E5) > Analysis Settings 

Object Name Analysis Settings 

State Fully Defined 

Step Controls 

Number Of Steps 20. 

Current Step Number 20. 

Step End Time 20. s 

Auto Time Stepping Program Controlled 

Solver Controls 

Solver Type Program Controlled 

Weak Springs Off 
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Solver Pivot Checking Program Controlled 

Rotordynamics Controls 

Coriolis Effect Off 

Restart Controls 

Generate Restart Points Program Controlled 

Combined Restart Files Program Controlled 

Nonlinear Controls 

Newton-Raphson 

Option 
Program Controlled 

Force Convergence Program Controlled 

Moment Convergence Program Controlled 

Displacement 

Convergence 
Program Controlled 

Rotation Convergence Program Controlled 

Line Search Program Controlled 

Stabilization Off 

Output Controls 

Stress Yes 

Strain Yes 

Contact Miscellaneous No 

General Miscellaneous No 

Store Results At All Time Points 

Analysis Data Management 

Solver Files Directory 
D:\FYP\ANSYS\FYP K Joint Working\FYP K-joint 

Working_files\dp0\SYS-5\MECH\ 

Future Analysis None 

Delete Unneeded Files Yes 

Nonlinear Solution Yes 

Solver Units Active System 
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TABLE 10 
Model (E4) > Static Structural (E5) > Analysis Settings 

Step-Specific "Step Controls" 

Step Step End Time 

1 1. s 

2 2. s 

3 3. s 

4 4. s 

5 5. s 

6 6. s 

7 7. s 

8 8. s 

9 9. s 

10 10. s 

11 11. s 

12 12. s 

13 13. s 

14 14. s 

15 15. s 

16 16. s 

17 17. s 

18 18. s 

19 19. s 

20 20. s 

TABLE 11 
Model (E4) > Static Structural (E5) > Loads 

Object 

Name 

Fixed 

Support 
Force 

Force 

2 

Force 

3 

Force 

4 

Force 

5 

Force 

6 

Force 

7 

Force 

8 

Force 

9 

Force 

10 

State Fully Defined 

Scope 
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Scoping 

Method 
Geometry Selection 

Geometry 1 Face 
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