
   

 





 





 





 

  



 



 

 

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  



  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  



 

  

  

  

  

  

 

 



 



 

1 Introduction 
 

  



1.1 Problem definition 

1.2   Research objectives 

 



 

Thesis scope 

1.3 Thesis structure 

 



Figure 1-1 Analyses setup 



 

2 Fatigue accumulation 

2.1 Introduction to fatigue 



2.2 Fatigue assessment 

2.2.1 Fracture mechanics  

𝑑𝑎

𝑑𝑁
= 𝐶(𝛥𝐾)𝑚

Figure 2-1 Relationship between crack growth rate and stress intensity factor  



 

2.2.1.1 S-N curve approach 

2.3 Damage accumulation 

2.3.1 Linear Damage (Palmgren-Miner rule) 

𝐷𝑖 =
𝑛𝑖

𝑁𝑖

∆σ

𝐷 = ∑
𝑛𝑖

𝑁𝑖
=

𝑘

𝑖=1

1

𝑎̅
∑𝑛𝑖 ∙ (∆𝜎𝑖)

𝑚

𝑘

𝑖=1

1

𝑎̅



∆σ

2.3.2 S-N curve 

Figure 2-2 S-N curve for tubular joints (DNVGL-RP-C203) 

Table 2-1 Parameters from S-N curve 



 

2.4 Hot spot stress 

σ σ

2.4.1 Parametric SCF formulae 

Kuang (1975) 

Wordsworth and Smedley (1978 and 1981)  

Efthymiou and Durkin (1985 and 1988) 

2.4.2 Numerical SCF calculation (FEA) 





 

3 Modelling 

3.1 Quasi-static approach 

𝐾𝑥(𝑡) = 𝐹(𝑡)

3.1.1 Wind 

𝑓𝑤𝑖𝑛𝑑 =
1

2
𝜌𝑈2𝐶𝐷𝐴

(3-1) 



 

𝑈 = 𝑈𝑟𝑒𝑓 (
𝑍

𝑍𝑟𝑒𝑓
)

𝛼

 

(3-2) 

α

3.1.2 Wave and current loads 

λ

𝐹(𝑡) =  
𝜋

4
𝜌𝐶𝑚𝐷2𝑈′(𝑡) +

1

2
𝜌𝐶𝐷𝑈(𝑡)|𝑈(𝑡)|

(3-3) 

𝐶𝑚

𝐶𝑎 𝐶𝑚 = 𝐶𝑎 + 1 𝐶𝑑



 

Figure 3-1 Validity of wave theories (for water depth D, wave length L and wave height H) 

𝑢𝑎 = 𝜁𝑎𝜔
𝑐𝑜𝑠ℎ(𝑘 (ℎ + 𝑧))

𝑠𝑖𝑛ℎ(𝑘ℎ)
sin(𝜔𝑡 − 𝑘𝑥)

(3-4) 

𝑧 = (𝑧 − 𝜂)
𝑑

𝑑 + 𝜂
 

(3-5) 

𝜂



Figure 3-5 Inertia dominated, wave force vs 
time (black: stretched, red: extrapolated 
and blue: Stokes)

Figure 3-4 Drag dominated, wave force vs 
time (black: stretched, red:  extrapolated and 
blue: Stokes)

 

𝐾𝑐 =
𝑉𝑇

𝐷

(3-6) 

Figure 3-3 Inertia dominated structure 

 

Figure 3-2  Drag dominated structure



 

3.2 Dynamic approach  

3.2.1 SDOF Method 

𝐷𝐴𝐹 =  
𝑥𝑑𝑦𝑛

𝑥𝑠𝑡𝑎𝑡

Non-linear structural stiffness 

 

Figure 3-6 Schematization of the p-delta effect 

Point mass 



3.2.2 Frequency domain analysis  

Structural stiffness 



 

Hydrodynamic drag 

Figure 3-7 Long term probability distribution of peak force, member diameter 1,0m (left) and 
2,0m (right). (Adams, 1991) 

3.2.3 Time domain finite element analysis 



3.3 Quasi-static analyses or dynamic analyses  



 

3.3.1 USFOS 



 



 

4 Modeling the Seafox 2 

4.1 The Seafox 2  

Figure 4-1 Seafox 2 

 

 



4.2 Modeling the Seafox 2 

4.2.1 Structural model 

Figure 4-2 Structural model Seafox 2 

4.2.2 Hull and legs 

Hull 



 

Table 4-1 Structural properties hull  

Figure 4-3 Modelled hull Seafox 2 

 Legs 

Table 4-2 Material properties Seafox 2 legs 



Table 4-3 Leg tubular geomerty 

Spudcans 

 
 

 

Figure 4-4 Modelled spudcan 

4.2.3 Hull - leg interface 



 

Figure 4-5 Representation of a pin 

and hole jacking system 

Figure 4-6 Top view of the pin and hole connection 



Figure 4-7 Highlighted modelled connecting rigid beam (left). Cross section of the jack house  
with connecting points circled in red (right)  

Connecting spring stiffness 

Figure 4-8 Guide plate and leg chord 



 

Figure 4-9 Jacking pins 

Figure 4-10 Holding pins inside the jack house  



4.2.4 Leg - ground interface 

[
 
 
 
 
 
𝐹𝑥

𝐹𝑦

𝐹𝑧

𝑀𝑥

𝑀𝑦

𝑀𝑧]
 
 
 
 
 

=

[
 
 
 
 
 
𝑘1

 
 
 
 
 

 
𝑘2

 
 
 
 

 
 

𝑘3

 
 
 

 
 
 

𝑘4

 
 

 
 
 
 

𝑘5

 

 
 
 
 
 

𝑘6]
 
 
 
 
 

 

[
 
 
 
 
 
𝑈𝑥

𝑈𝑦

𝑈𝑧

𝑟𝑥
𝑟𝑦
𝑟𝑧 ]

 
 
 
 
 

(4-1) 

Fixity 



 



4.2.5 Alternatives Considered 

Figure 4-11 Clockwise: Complete plate connection, Beamed hull, Legs spatially locked in beam 
hull 



 

4.3 Environmental conditions 

4.3.1 Location history 

Table 4-4 Number of days at each location 

4.3.2 Wave heights 



Table 4-4-5 Number of waves at Leman assigned to wave height and direction 

Table 4-6 Scatter diagram Leman field 

Table 4-7 Total number of waves in each wave block  



 

4.3.3 Wind force calculation 

Eq. 5.3 

𝑓𝑤𝑖𝑛𝑑 =
1

2
𝜌𝑈2𝐶𝐷𝐴

Table 4-4-8 Windforce at 225 degrees 

   

   



4.3.4 Summary of the modelling considerations 



 

5 Fatigue life calculation 

5.1 Stress calculation 

Waves 

 



Table 5-1 Wave range with corresponding period 

Wind 



 

Current 

Table 5-2 Current profile 



5.2 Member stress results 

Figure 5-1 Example of the model run at wave height 11,5m 

Figure 5-2 Von Mises stress in the legs around the jacking system 



 

 

Figure 5-3 Axial (DOF 1) stress over time brace 40130  

Figure 5-4 Out of plane bending (DOF 5) moment over time  



Figure 5-5 In plane bending (DOF 6) moment over time 

5.3 Stress concentration factor (SCF) 

5.3.1 Efthymiou SCF calculation 

Figure 5-6 K joint geometry 



 

Table 5-3 Dimensionless parameters for joint geometry  

β ≤ β ≤

τ ≤τ≤

ϒ ≤ γ ≤

Ϛ β θ ≤ ζ ≤

ϒ 

 

Table 5-4 Efthymiou's parametric SCF equations 

𝜏0.9𝛾0.5 ( 0.67 − 𝛽2 + 1.16𝛽 ) 𝑠𝑖𝑛𝜃 (
𝑠𝑖𝑛𝜃𝑚𝑎𝑥

𝑠𝑖𝑛𝜃𝑚𝑖𝑛
)

0.30

  (
𝛽𝑚𝑎𝑥

𝛽𝑚𝑖𝑛
)

 0.30

(1.64 +

 0.29 𝛽−0.38   𝑎𝑟𝑐𝑡𝑎𝑛(8𝜁))

 

1 + (1.97 − 1.57𝛽0.25)𝜏−0.14 (𝑠𝑖𝑛𝜃)0.7  (𝐸𝑞. (5-1) + (𝑠𝑖𝑛(𝜃𝑚𝑎𝑥 +
𝜃𝑚𝑖𝑛))1.8  (0.131 − 0.084 arctan(14𝜁 + 4.2𝛽)) 𝐶 𝛽1.5𝛾0.5𝜏−1.22

 

1.45 𝛽 𝜏0.85 𝛾(1−1.05 𝛽) sin(𝜃)0.7

 

1 + 0.65𝛽𝜏0.4 𝛾(1.09−0.77𝛽) sin (𝜃)(0.06𝛾−1.16)

𝛾 𝜏 𝛽 (1.7 − 1.05𝛽3 sin𝜃0.7 (1 − 0.08(𝛽𝛾)0.5 exp(0.8𝑥)) + 𝛾 𝜏 𝛽
(1.7 − 1.05𝛽3 sin𝜃0.7  (1 −0.08(𝛽𝛾)0.5 exp(0.8𝑥)) 

(2.05𝛽0.5 exp(−1.3𝑥))

𝜏−0.54𝛾−0.05(0.99 − 0.47𝛽 + 0.08𝛽4) 𝛾 𝜏 𝛽 (1.7 − 1.05𝛽3 sin𝜃0.7 (1 −
0.08(𝛽𝛾)0.5 exp(0.8𝑥)) + 𝛾 𝜏 𝛽 (1.7 − 1.05𝛽3 sin𝜃0.7  (1
−0.08(𝛽𝛾)0.5 exp(0.8𝑥))  (2.05𝛽0.5 exp(−1.3𝑥))

τ 

ϒ 

Table 5-5 Resulting SCF's 

 



5.3.2 FEM SCF calculation 

Figure 5-7 Modelled joint in RFEM 

 



 

 



Table 5-6 SCf's from FE model 

Figure 5-8 Axial loads 

Figure 5-9 Out of plane bending loads 



 

Figure 5-10 In plane bending loads 

5.4 Results 

5.4.1 Fatigue life calculation 

∆σ

Eq. 5.3 

log 𝑁 = log 𝑎̅ − 𝑚 log (∆𝜎 (
𝑡

𝑡𝑟𝑒𝑓
)

𝑘

)

Table 5-7 S-N curve parameters from (DNVGL-RP-C203, 2016) 

̅



Table 5-8 Results fatigue calculation for critical joint 

30

𝑇𝑜𝑡𝑎𝑙 𝑑𝑎𝑚𝑎𝑔𝑒



 

Table 5-9 Fatigue damage design factor for redundant structures. (ISO 19905)  



5.4.2 Comparison of fatigue analyses 

 

 

 

 

Environmental input data 

Table 5-10 Comparison of probability of not exceeding a wave height  



 

Design data 

Table 5-11 Design data from study 1983 and this thesis  

Figure 5-11 Results of the fatigue analyses conducted in 1983 



6 Influence of corrosion 

6.1 The Burj 

Figure 6-1 Seafox Burj 



 

6.2 Basics of corrosion 

6.2.1 Local corrosion 

6.2.2 General corrosion 



6.3 Modelling the Burj 

Figure 6-2 Structural model of the Burj  

6.3.1 Legs and leg to ground interface 



 

Figure 6-3 Leg section of the Burj 

 

Table 7-6-1 Bracing properties 

6.3.2 Leg chords 

Figure 6-4 Cross section chord of Burj leg 



Moment of inertia, yield strength and area calculation of the chords 

Table 6-2 Cross section details as seen in Figure 6-4 

 

Table 6-3 Modelled chord dimensions 

 

 

Hydrodynamic properties 



 

Figure 7-6-5 Cd with corresponding angle of attack 

Table 7-6-4 Cd for different angles of attack 

π

Spudcans 



6.3.3 hull - leg interface 

Figure 7-6-6 Rack and pinion jacking system with unopposed pinions  

 



Table 6-5 Modelled spring stiffness of the jacking system 





 

6.3.4 Legs to ground interface 

 

6.3.5 Alternatives considerations  



7 Stress increase due to 

diminution 

7.1 Environmental conditions 

Table 7-1 Survival conditions Bayu Udan 

 

Table 7-2 Survival conditions North Field 

 



 

7.2 Steel diminution of the Burj 

 



7.3 Strength check results 

Figure 7-1 Von Mises stress for 100 year storm Al Shaheen field  



 

Table 7-3 Member stress for survival conditions in the North Field  

     

      

      

 

      

      

      

      

 

 

 



Figure 7-2 North field 

Figure 7-3 Al Shaheen field 



 

Figure 7-4 Bayu Udan 



7.4 Conclusion 



 

8 Effect of diminution 

on the fatigue life of the 

Seafox 2 



Figure 8-1 Stress increase due to diminution 



 

9 Conclusion 





 

10 Recommendation 



 

11 Bibliography 



 


